
 
 
 

 
FACULTY OF MEDICINE AND  

HEALTH SCIENCES 
 
 

Department of Movement and Sport Sciences 

 
 
Faculty of Medicine and Health Sciences – Department of Movement and Sport Sciences 
 
 

 

 

 

 

Promoting healthy eating and physical activity among 

adolescents 

 
 
 

Leen Haerens 
 
 
 
 

Thesis submitted in fulfilment of the requirements for the degree of Doctor in Physical Education 
 
 
 
 
 
 

Ghent 2006 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

 

 



   

Supervisor 
 Prof. Dr. I. De Bourdeaudhuij (Ugent) 
 
Co-supervisor: 
 Prof. Dr. L. Maes (Ugent) 
 
Supervisory board 
 Prof. Dr. I. De Bourdeaudhuij (Ugent) 
 Prof. Dr. L. Maes (Ugent) 
 Prof. Dr. G. Cardon (Ugent) 
 Dr. B. Deforche (Ugent) 
 Dr. V. Stevens (VIG) 
 
Examination board 
 Prof. Dr. D. De Bacquer (UGent) 

Prof. Dr. J-M. Oppert (UPMC) 
Prof. Dr. S. De Henauw (Ugent) 

 Prof. Dr. F. Boen (KULeuven) 
 Prof. Dr. J. Bouckaert (UGent) 

Prof. Dr. G. Cardon (Ugent) 
 Dr. B. Deforche (Ugent) 
 Dr. V. Stevens (VIG) 

Prof. Dr. I. De Bourdeaudhuij (Ugent) 
 Prof. Dr. L. Maes (Ugent) 
 
 

This thesis was part of a broader research project entitled Sport, Physical 
activity and Health, carried out by the Policy Research Centre, and 
funded by the Flemish Government. 
Dit proefschrift kwam tot stand als onderdeel van de opdracht van het 
Steunpunt Sport, Beweging en Gezondheid, verricht met de steun van de 
Vlaamse Gemeenschap. 

 
© 2006 Ghent University, Faculty of Medicine and Health Sciences, Department of Movement and Sports 
Sciences, Watersportlaan 2, 9000 Ghent 
 
ISBN 9080908482 
 
All rights reserved. No part of this book may be reproduced, or published, in any form or in any way, by print, 
photo print, microfilm, or any other means without prior permission from the publisher.





  3   

 

CONTENTS 
 
SAMENVATTING   p 4 
    
GENERAL INTRODUCTION p 5 
    
ORIGINAL RESEARCH p 53 
    
   Part 1: Cross-sectional studies  
    
   Chapter 1.1 Physical activity and running capacity in normal weight 

versus overweight boys and girls 
p 57 

    
   Chapter 1.2 The contribution of psychosocial and home environmental 

factors in explaining eating behaviors in adolescents 
p 69 

    
   Chapter 1.3 The contribution of home and school environmental factors 

in explaining physical activity in adolescents 
p 87 

    
   Part 2: Intervention evaluations  
    
   Chapter 2.1 The effects of a middle school healthy eating intervention 

on adolescents’ fat and fruit intake and soft-drink 
consumption 

p 100 

    
   Chapter 2.2 School Based Randomized Controlled Trial of a Physical 

Activity Intervention among adolescents 
p 113 

    
   Chapter 2.3 Evaluation of a two-year physical activity and healthy 

eating intervention in middle school children 
p 127 

    
   Chapter 2.4 Body Mass Effects of a Physical Activity and Healthy Food 

Intervention in Middle Schools 
p 139 

    
   Chapter 2.5 Explaining the effect of a 1-year intervention promoting 

physical activity in middle schools: a mediation analysis 
p 149 

    
   Chapter 2.6 A Computer-tailored Fat Intake Intervention among 

Adolescents: Results of a Randomized Controlled Trial 
p 163 

    
GENERAL DISCUSSION p 179 
  
APPENDIX p 213 
    
DANKWOORD   p 215 
 



  4   

SAMENVATTING 

Tijdens de adolescentieperiode worden voedings- en bewegingsgewoontes vaak ongezonder. Jongeren 

die ongezond eten of onvoldoende bewegen behouden deze ongezonde gewoonten vaak tot op 

volwassen leeftijd. Een ongezond voedingspatroon en een tekort aan lichaamsbeweging worden 

geassocieerd met een verhoogd risico op het ontwikkelen van overgewicht en op het ontwikkelen van 

aandoeningen als diabetes, hypertensie, kanker en hart- en vaatziekten. Daarom is er een dringende 

noodzaak aan effectieve voedings- en bewegingsprogramma’s voor adolescenten. 

De eerste studie van deze thesis bevestigt dat jongeren met overgewicht duidelijk minder fysiek actief 

zijn dan jongeren met een normaal gewicht. Deze studie toonde ook aan dat het percentage jongeren 

met overgewicht hoger ligt bij jongeren uit het TSO en BSO dan bij jongeren uit het ASO.  In een 

tweede en derde studie werd nagegaan hoe omgevingsfactoren het eet- en bewegingsgedrag van 

jongeren kunnen beïnvloeden. Uit de resultaten bleek dat de beschikbaarheid van gezonde en 

ongezonde voedingswaren, de aanwezigheid van afspraken, en blootstelling aan commerciële tv-

programma’s het voedingspatroon van jongeren kunnen beïnvloeden. De activiteitsgraad van jongens 

was geassocieerd met de beschikbaarheid van sportmateriaal en met de frequentie van 

extracurriculaire activiteiten op school. Voor meisjes was de aanwezigheid van supervisie ook 

belangrijk.  

Het hoofddoel van deze thesis was het nagaan van de effectiviteit van een 2-jaar durende 

schoolinterventie ter promotie van gezonde voeding en beweging. De schoolinterventie had als doel 

jongeren aan te zetten om minder vet te eten, meer fruit te eten, meer water in plaats van frisdrank te 

drinken en meer te bewegen, zowel op school als in de vrije tijd. Enerzijds werd getracht om een 

gezonde schoolomgeving te creëren door water aan te bieden als alternatief voor frisdrank, door een 

wekelijkse fruitverkoop te organiseren, door extra bewegingsactiviteiten te organiseren, door 

sportmateriaal aan te bieden tijdens de pauzes en door actief transport naar school te promoten. 

Anderzijds werd gezondheidseducatie verschaft onder de vorm van een vet- en bewegingsadvies op 

maat via het Internet. De evaluatie van de tweejarige interventie toonde aan dat de interventie een 

positief effect had op de BMI bij meisjes, op de vetinname bij meisjes en op de activiteitsgraad van 

jongens. De interventie resulteerde echter niet in positieve veranderingen in de fruitinname, water- en 

frisdrankconsumptie.  

Aangezien de promotie van gezonde voeding en een actieve levensstijl bij adolescenten dringend 

nodig is, moet de verspreiding van dergelijke voedings- en bewegingsprogramma’s worden 

aangemoedigd. Er is daarnaast nood aan onderzoek waarin nagegaan wordt hoe de effectiviteit van 

voedings- en bewegingsprogramma verder kan verhoogd worden. 
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Recent research within the field of health promotion has focused attention on the epidemic of 

overweight and its association with unhealthy diets and lack of physical activity. This thesis 

provides original research about eating and physical activity behaviours in younger 

adolescents (11 to 15 years old), about important determinants for these behaviours and about 

the effectiveness of interventions targeting eating and physical activity behaviours.  

In accordance with the focus of the original research, the introduction of this thesis highlights 

studies including 11 to 15 year olds. Although eating behaviours other than fat, fruit and soft-

drink intake may be important to consider for improved health, special attention was given to 

these three eating behaviours throughout the introduction and the original research of this 

thesis.  

The first part of the introduction focuses on younger adolescents’ eating and physical activity 

behaviours and health related issues. This is followed by a description of influencing factors 

for eating and physical activity behaviours in adolescents are discussed. School-based and 

computer-tailored intervention strategies promoting a healthy diet and a physically active 

lifestyle are reviewed next. Finally, the outline of the thesis is described.  

 

ADOLESCENTS, HEALTH AND HEALTH PROMOTION 

Although the terms adolescents, health and health promotion are commonly used, a clear 

definition of these relevant key terms seems necessary.  

 

1. Key definitions: Adolescence, health, health promotion  

The World Health Organization (WHO) defines ‘adolescence’ as the age between 10-19 years 

old (WHO, 1997). In the same line, the Centers for Disease Control and Prevention 
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(www.cdc.gov) define adolescence as 12-19 years old, but they often group adolescents and 

young adults (20-24 years old) together (NCHS, 2005). Independent from the definition used, 

adolescence should be considered as a transitional phase that begins at the onset of puberty 

and continues into early adulthood, rather than as a fixed age group (WHO, 1997). The 

samples used in the original research of this thesis only included the youngest students of 

secondary schools (7th and 8th graders). Since these students were between 11 and 15 years 

old they can be considered as adolescents. 

‘Health’ is often negatively defined as ‘absence of disease’. In 1940, the WHO formulated a 

positive definition of health: ‘state of complete physical, emotional, and social well-being, not 

merely the absence of disease or infirmity’ (WHO, 1948). This widely accepted definition was 

expanded in the 1970's and 1980's as other components were included: intellectual, 

environmental, and spiritual health.  At the 1988 Consensus Conference ‘health’ was defined 

as ‘a human condition with physical, social and psychological dimensions, each characterized 

on a continuum with positive and negative poles.’ Positive health is associated with the 

capacity to enjoy life and to withstand challenges. It is not only the absence of disease. 

Negative health is associated with morbidity and in the extreme, with premature mortality 

(Bouchard, et al., 1994).  

The definition of ‘health promotion’ provided in the Ottawa Charter is the most widely 

accepted. Health promotion is defined as: ‘the process of enabling people to increase control 

over, and to improve, their health’ (WHO, Ottawa Charter for Health Promotion, 1986).  

However, it is not the only definition of health promotion. For example, The American 

Journal of Health Promotion (AJHP, 1989) offers another definition. ‘Health promotion is the 

science and art of helping people change their lifestyle to move toward a state of optimal 

health.’ Optimal health is defined as ‘a balance of physical, emotional, social, spiritual and 
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intellectual health.’ Lifestyle changes can be facilitated through a combination of efforts to 

enhance awareness, change behaviour and create environments that support good health 

practices. Supportive environments will probably have the greatest impact in producing 

lasting change (O'Donnell, 1989). 

Green and Kreuter (1990) define health promotion as the combination of educational and 

environmental supports for actions and conditions of living conducive to health.  

2. Why promote physical activity and healthy eating in adolescents? 

From a health perspective there are three main reasons to promote healthy eating and physical 

activity in adolescents: 1) to optimise current health, growth and development, 2) to develop 

healthy lifestyles that can be maintained throughout adult life and 3) to reduce risks for 

chronic diseases during adulthood.  

 

Adolescence is a time when physiological need for consumption of a diet with good 

nutritional quality is particularly important (Dwyer, 1993). During this period, adolescents 

achieve the final 15-20% of adult height, gain 50% of adult weight, and accumulate up to 

45% of their skeletal mass (Gong & Heald, 1994). Adolescence is a vulnerable period for 

developing unhealthy eating habits as well as a physically inactive lifestyle. While the family 

remains important, adolescence is an age characterized by increased mobility, independence 

from home and greater financial autonomy (WHO, 2005), which enables youngsters to 

purchase and consume their favourite food items and to spend their leisure time in many 

different ways. For example, during adolescence eating out of home becomes more frequent 

(Rolland-Cachera, et al., 2000).  
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A healthy diet as well as a physically active lifestyle has been associated with the prevention 

of a number of health problems during adolescence and adulthood, including cardio-vascular 

diseases, hypertension, diabetes, cancer, asthma, depression, osteoporosis and dental caries 

(EURODIET group, 2001a&b; Biddle, et al., 2004; Penedo and Dahn, 2005; Strong, et al., 

2005). In addition, unhealthy eating behaviours often come together with physical inactivity 

increasing the risk for developing health problems (Kvaavik, et al., 2004).   

 

Tracking can be defined as ‘the stability of health-related behaviours over time or as stability 

in rank at the group level’ (Kelder, et al., 1994). If dietary and physical activity behaviours 

track into adulthood, the lifestyle we adopt in adolescence can have important impact on our 

health and well-being as an adult. Although, it is plausible that behavioural patterns developed 

during adolescence will affect behavioural patterns as adult, evidence supporting this is 

equivocal. Results vary according to gender, study duration and age groups (Boreham and 

Riddoch, 2001; Kvaavik, et al., 2004; Telama, et al., 2005). However, findings from several 

studies somewhat support the hypothesis that dietary (Kelder, et al., 1994; Kemper, et al., 

1999; Lien, et al., 2001; Post, et al., 2001) and physical activity habits (Anderssen, et al., 

1996; Malina, 1996; Janz, et al., 2000; De Bourdeaudhuij, et al., 2002; Telama, et al., 2005) 

are tracking into adulthood.  

If promotion of a healthy diet and a physical active lifestyle among adolescents is assumed to 

improve adult health, healthy changes in dietary and physical activity behaviours must also 

track into adulthood. To our knowledge, no studies have investigated tracking of behavioural 

changes from adolescence into adulthood. Nader and colleagues (1999) reported on the 3-year 

persistence of intervention effects on dietary and physical activity behaviours among 8th grade 

students, who were exposed to a 3-year long intervention from 2th to 5th grade. Intervention 

effects on dietary and physical activity behaviour were maintained 3 years after intervention, 
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but narrowed over time. These findings suggest that health promotion should probably 

continue from elementary school into secondary and high school to be able to affect 

behavioural patterns as an adult.  

 

Adolescents are often not concerned about health problems they may develop later in life and 

although they may have notion of health related benefits of healthy eating and physical 

activity, evidence suggests that this is not being translated into action (WHO, 1997). The 

following sections provide evidence that adolescents eating (fat, fruit, soft drinks) and 

physical activity behaviours do not meet recommendations. Although eating behaviours other 

than fat, fruit and soft drink consumption (e.g. vegetable intake) may be worth targeting 

during early adolescence, these three specific eating behaviours are further discussed, as these 

are the eating behaviours targeted in the orginal research.  

 

2.1 Current intake of fat, fruit and soft drinks in adolescents 

According to guidelines published by the National Council on Nutrition, total energy from fat 

should not exceed 30% of total energy intake (Nationale Council on Nutrition, 2003). 

Guidelines formulated by the Flemish Institute for Health Promotion state that adolescents 

should consume at least 2 pieces of fruit daily, whereas soft drink consumption should be 

restricted to maximum one glass per day (www.vig.be). 

 

Lambert, et al. (2004) reviewed studies reporting dietary behaviours of children and 

adolescents in Europe. They mainly concluded that there is a need for standardisations of the 

methods used to measure dietary intake, in order to make comparison between countries 

possible. There are furthermore few reliable and valid instruments to measure dietary intake 

in adolescents as especially adolescents are prone to reporting bias (Livingstone, et al., 2000 
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& 2004; Rockett, et al., 2003). Hence, when comparing adolescents eating behaviours with 

recommended guidelines methodological issues need to be considered.  

 

Although methodological issues should be kept in mind, studies have shown that fat intake 

exceeds recommendations in most American (Lytle & Kubik, 2003), European (Cruz, 2000) 

and Flemish (Matthys, et al., 2003) adolescents.  

The international ‘Health Behaviour in School-aged Children study’ (HBSC) (2001-2002), 

organized in 32 European and North-American countries indicated that low consumption of 

fruit and high consumption of soft drinks is common among adolescents. Although this study 

also included older adolescents, only the data on younger adolescents are further described. 

About 70% of the 13 year olds did not eat fruit on a daily basis and about 30% consumed soft 

drinks every day (Currie, et al., 2004). In Flemish 13 year olds, patterns were even worse with 

about 74% of 13 year olds not consuming fruit daily and almost 40% consuming soft drinks 

once or more per day (Currie, et al., 2004; Vereecken, et al., 2005).  

 

2.2 Current physical activity levels in adolescents 

Recommendation for appropriate amounts of physical activity, have been developed by 

several organisations (Fulton, et al., 2004). Early criteria were generally based on the amount 

of physical activity required for the development of cardiovascular physical fitness (Boreham 

& Riddoch, 2001). However, these criteria were very stringent to achieve for most 

adolescents (Boreham & Riddoch, 2001). From a behavioural perspective, physical activity 

needs to be seen as an achievable and positive experience and adult fitness training guidelines, 

emphasizing continuous bouts of vigorous exercise do not fulfil this. The more recently 

formulated guidelines incorporate issues of activity adoption and maintenance. 

 



General Introduction   

  12 

In 1994 the ‘International Consensus Conference on Physical Activity Guidelines for 

Adolescents’ recommended that adolescents should be physically active daily and participate 

in moderate to vigorous physical activity three or more times a week for at least twenty 

minutes. Moderate to vigorous activities were defined as those that require at least as much 

effort as brisk walking (Sallis & Patrick, 1994). This guideline was later revised during the 

‘Consensus Conferences on Physical Activity and Cardiovascular Health’ (1996) and 

recommendations were reformulated into ‘at least 30 minutes or more of moderate-intensity 

physical activity on most, or preferably all, days of the week’. Although several studies 

showed that the majority of adolescents met the 30 minutes criterion, health related problems 

such as overweight (Chinn & Rona, 1994) and coronary heart disease risk factors 

(Baranowski, et al., 1992) were still rising. This was the rationale to advocate a new 

recommendation, first formulated in 1998 by the ‘UK Expert Consensus group’ (Biddle, et 

al., 1998). Engagement in physical activity of moderate to vigorous intensity for at least 60 

minutes and up to several hours daily was recommended (Pate, et al., 2002; Fulton, et al., 

2004; Strong, et al., 2005). This latter guideline is consistent with the recommendations of the 

‘Health Enhancing Physical Activity Group of Belgium’ (Beunen, et al., 2001). 

 

When comparing adolescents’ physical activity levels with the recommendations, 

measurement issues need to be considered. Physical activity is not simple to measure, since it 

takes place in a variety of domains (e.g. transportation, school, recreation) and intensity, 

frequency, duration and type of activity need to be considered (Wareham & Rennie, 1998). 

Most representative data on physical activity levels in adolescents are based on self-reports 

(Wareham et al, 1998). Even though most questionnaires are constructed with attention to the 

different domains of activity, self-reports often result in overestimation, which makes 

comparisons with physical activity guidelines difficult (Wareham et al, 1998).  
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Although in previous research there was a large variation in recommendations, definitions and 

measurements used, boys were consistently found to be more active than girls (Stone, et al., 

1998; Pate, et al., 2002; Biddle, et al., 2004; Currie, et al., 2004), adolescence was 

consistently found to be a period of steep decline in physical activity and adolescents were 

consistently found not to be sufficiently active (Stone, et al., 1998; Sallis, 2000; Kimm, et al., 

2002; Biddle, et al., 2004). Most recently conducted studies in American (Pate, et al., 2002); 

European (Currie, et al., 2004) and Flemish (Currie, et al., 2004; De Bourdeaudhuij, et al., 

2005) adolescents showed that considerable proportions of adolescents do not meet the 

physical activity guideline of 60 minutes of moderate to vigorous physical activity daily. In 

the same line, findings from the international HBSC-study indicated that on average 66% of 

the younger adolescents did not meet the current recommended guidelines (Currie, et al., 

2004). ‘Not meeting the current guidelines’ was defined as an average score of less than 5 on 

the following questions ‘Over the 7 past days how many days were you physically active for a 

total of at least 60 minutes per day’ and ‘Over a typical or usual week, on how many days are 

you physically active for a total of at least 60 minutes per day’. About 80% of 13 year-old 

Flemish adolescents did not meet these physical activity guidelines. According to data from 

the same study, Flemish adolescents reported to participate in 60 minutes of moderate-

intensity activities on average on 3 days per week, however averages of 2 days per week were 

found in another study (De Bourdeaudhuij, et al., 2005). Pate and colleagues (2002) 

objectively measured physical activity with accelerometers in US adolescents and found that 

37.5% of adolescent boys and 45.8% of adolescent girls between 10 to 12 years old did not 

comply with physical activity guidelines of 60 minutes of moderate to vigorous physical 

activity daily. Moderate to vigorous intensity was defined as > 1952 counts per minute 
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according to Freedson and colleagues (1998), which may have led to an overestimation of the 

time spent in moderate to vigorous physical activity. 

 

Previous sections (2.1, 2.2) provided evidence that eating and physical activity behaviours do 

not meet recommendations in adolescents. The relationships between unhealthy eating and 

physical activity behaviours and the increased prevalence rates of overweight and obesity are 

discussed below (3.3). But first information regarding overweight related health issues (3.1) 

and overweight prevalence rates (3.2) is provided.  

 

3. Unhealthy eating and physical activity habits and overweight in adolescents 

3.1 Introduction 

Overweight can be defined as ‘an excess in weight, regardless of the composition of the 

weight’. Obesity can be defined as ‘an excess in body fat such that health is endangered’. 

Overweight adolescents are at risk for becoming obese and obesity in children and 

adolescents has several short term health consequences (Reilly, 2005). It is now well 

established that obesity has adverse effects on the cardiovascular system, since it is 

consistently associated with cardiovascular risk factors such as high blood pressure, 

hyperlipidemia or elevated insulin levels (Freedman, et al., 1999; Reilly, 2005). In addition 

obese adolescents are more likely to develop asthma (Castro-Rodriguez, et al., 2001), type I 

(Hypponen, et al., 2000) and type II diabetes (Dietz, 1998 a&b; Deckelbaum & Williams, 

2001; Arslanian, 2002), orthopaedic problems (Deckelbaum & Williams, 2001) and 

psychological problems such as a low self esteem and depression (Strauss, 2000). Obesity is 

further associated with a reduced capacity for being physically active (Molnar & Livingstone, 

2000). However, the greatest problems will be seen in the next generation of adults as obesity 

during adolescence tends to persist into adulthood (Guo & Chumlea, 1999; Hulens, et al., 
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2001). Furthermore, negative cardiovascular effects persist and represent a strong link 

between obesity and adult morbidity and mortality (Freedman, et al., 1999; Guo & Chumlea, 

1999; Reilly, 2005; Wyatt, et al., 2006).  

 

3.2 Prevalence of overweight and obesity 

There is a lack of comparable representative overweight prevalence data for different 

countries, due to the varying definitions and measurement of overweight or obesity (Reilly, 

2005). Recently, the ‘International Obesity Task Force’ (IOTF) recommended age- and sex 

specific body mass index cut-off points for overweight and obesity in children and 

adolescents (Cole, et al., 2000).  To get such cut-off points, centile curves that passed through 

adult cut-off points of body mass index for overweight (25 kg/m2) and obesity (30 kg/m2) at 

age 18 years were derived (Cole, et al., 2000). 

 

Based on the IOTF reference, prevalence rates of overweight and obesity were determined in 

different countries (Lobstein, et al. 2004, Janssen, et al., 2005). Available data suggest that the 

prevalence of overweight is unequally distributed and that overweight prevalence is rapidly 

rising (Lobstein, et al. 2004).  

 

Ten percent of the world’s children and adolescents (age 5-17 years) were estimated to be 

overweight or obese (Lobstein, et al., 2004). The prevalence of overweight was found to be 

dramatically higher in more developed regions. The highest prevalence rates of overweight 

were consistently found in US adolescents, with prevalence rates averaging above 30% 

(Wang, et al., 2002; Lobstein, et al., 2004). Also in Europe, prevalence rates were found to be 

very high and average above 20% (Lobstein, et al., 2003 & 2004). In Africa and Asia 
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prevalence rates were much lower and average below 10% (Wang, et al., 2002; Lobstein, et 

al., 2004).  

 

In Flanders, the prevalence of overweight and obesity in 3 to 18 year old Flemish children 

was estimated at 14 % in 1996-1997, with higher prevalence rates in girls (Roelants & 

Hoppenbrouwers, 2001). Recently, overweight prevalence rates were estimated at 8.5% in 11 

to 18 year olds (De Bourdeaudhuij, et al., 2005) and at 10.2% in 10 to 16 year olds (Janssen, 

et al., 2005) based on IOTF recommendations. However, the latter data were based on self-

reported data which could have lead to underestimation of prevalence rates (Janssen, et al., 

2005).  

Overweight prevalence rates are still increasing. In North America and Europe prevalence 

rates are increasing at approximately 0.5-1% per year (Wang, et al., 2002; Lobstein, 2004). 

Also in Belgium, prevalence rates of overweight or obesity have increased between 1969 and 

1993, with the most overweight children becoming even more overweight (Hulens, et al., 

2001).  

 

3.3 Energy balance and overweight in adolescents 

In more developed countries overweight prevalence is increasing at such dramatic rates that 

genetic factors can no longer account for this change (Hulens, et al., 2001; Lobstein, et al., 

2004; Stamatakis, et al., 2005). Hence, an imbalance of the energy balance equation is causing 

the rising prevalence of overweight and obesity (Reilly & Dorosty, 1999; Lobstein, 2004). 

Energy intake is one side of the energy balance equation, making unhealthy eating behaviours 

one of the risk factors for the development of overweight or obesity. Unhealthy eating 

patterns have been associated with prevalence of overweight and obesity in children and 

adolescents in cross-sectional studies (Garaulet, et al., 2000; Stockman, et al., 2005). 
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However, findings from longitudinal studies were less clear (Lobstein, 2004) and findings 

were more consistent for fat intake than for total energy intake (Davison & Birch, 2001; 

Sarnblad, et al., 2006). Positive associations between consumption of soft drinks and 

overweight or obesity in adolescents were also found, however soft drink consumption was 

associated with other unhealthy dietary habits and the association may not have been related 

to soft drink consumption per se (Ludwig, et al., 2001). Although it seems logical that the rise 

in overweight or obesity prevalence might be partially due to a higher energy intake, some 

studies in US adolescents point out that while overweight prevalence rates have doubled, 

energy intakes have decreased (Whitehead, et al., 1982; Cavadini, et al., 2000). However, 

other data suggest that energy intake increased over time, while self-reported energy intakes 

decreased (Harnack, et al., 2000) and several studies point towards an increase in 

consumption of food items with a higher energy density (Harnack, et al., 2000; Prentice & 

Jebb, 2004).  

 

Energy expenditure is the other side of the energy balance equation. However, the influence 

of activity related energy expenditure on adolescents’ body weight is still controversial. Most 

previously conducted studies were cross-sectional studies and found no differences in activity 

related energy expenditure between obese and normal weight adolescents, after adjustment for 

differences in body composition (Bandini et al., 1990; Threuth et al., 1998; Ekelund et al, 

2002). Conversely, studies have found lower levels of physical activity in overweight than in 

normal weight youngsters (Trost, et al., 2001; Ekelund et al., 2002, Mota, et al., 2002; 

Deforche, et al., 2003). The discrepancy between the findings for physical activity and 

activity related energy expenditure are explained by the increased energy cost of moving a 

larger body mass in overweight or obese adolescents (Ekelund et al., 2002). 
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Results from longitudinal studies differ according to age-group, study duration and 

measurements (Wareham, et al., 2005), but low levels of physical activity have been 

associated with increased weight gain or increased risk for developing overweight or obesity 

(Wareham, et al., 2005). Hence, the decline in physical activity levels observed during the 

past decades is often linked to the rise in overweight prevalence (Biddle, et al., 2004; 

Dollman, et al., 2005). 

 

3.4 Challenge for health promotion 

Obesity is increasingly recognized as a threat to public health and it is therefore important to 

develop and evaluate effective interventions that can counter these worrying trends. Several 

studies suggest that most children and adolescents are at risk for weight gain, thus strategies 

to prevent obesity will benefit the health of all children and adolescents (Lobstein, et al., 

2004). In order to counter the rise in overweight prevalence, effective interventions to 

promote healthy eating and physical activity should be developed. Since behaviour can not be 

changed directly, it is important to get insight into important influencing factors or 

behavioural determinants for healthy eating and physical activity. 

 

INFLUENCING FACTORS FOR (UN)HEALTHY EATING HABITS AND PHYSICAL (IN)ACTIVITY IN 

ADOLESCENTS 

 

1. Introduction 

Behavioural determinants are ‘causal factors that induce an individual to engage in a 

particular behaviour’ (Evans, 2004). The relationships between determinants and health 

behaviour have led to the construction of several health behaviour theories. These theories can 

be placed along a continuum of personal level theories on one end of the continuum and 
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environmental theories on the other end. Personal or social psychological determinants focus 

primarily on cognitions that determine behaviour; whereas environmental determinants are 

related to the physical, social or institutional environment. An overview of the most relevant 

health promotion theories at the individual and environmental level that were applied within 

the nutrition and physical activity literature is given below. This is followed by a description 

of studies investigating the influence of factors derived from one or multiple theories on 

eating and physical activity behaviours. 

 

2. Personal-level theories 

In recent years there has been a gradual development of models to explain and modify 

behaviour. The most prominent theories that focus primarily on intrapersonal processes are 

The Health Belief Model (Janz & Becker, 1984), the Theory of Reasoned Action/Planned 

Behaviour (Ajzen, 1985); the Social Learning Theory (Bandura 1977 & 1986), the Attitude, 

Social influence and self-Efficacy (ASE) model (De Vries, et al., 1995 & 1998) and the 

Transtheoretical Model (Prochaska, et al., 1992).  

 

The ‘Health Belief Model’ (Janz & Becker, 1984) holds that health related behaviours are 

determined by whether individuals 1) perceive themselves to be susceptible to a particular 

health problem, 2) see this problem as serious, 3) are convinced that treatment or prevention 

activities are effective and not very costly in terms of money, effort or pain and 4) are 

exposed to a cue to take a health action. The Health Belief Model is presented in Figure 1. 
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Figure 1: The Health Belief Model 

 

The ‘Theory of Reasoned Action’ (Ajzen, 1985) placed more emphasis on the concept of 

behavioural intention. Behavioural intention is predicted most closely by attitudes and 

subjective norm. Favourable or unfavourable attitudes are in turn determined by expectancies 

regarding the outcomes of behaviour (behavioural beliefs). The subjective norm is determined 

by the person beliefs with respect to what significant others would do in a specific situation 

and by the motivation to comply with these significant others (normative beliefs). The 

‘Theory of Planned Behaviour’ (Ajzen, 1985) improves the Theory of Reasoned Action by 

adding the concept of perceived behavioural control or self-efficacy. Self-efficacy refers to 

the confidence to be able to perform certain behaviour in situations with varying level of 

difficulty. This self-concept was derived from the ‘Social Learning Theory’ which was a 

predecessor of the Social Cognitive Theory (Bandura, 1977 & 1986). The ‘Social Learning 

Theory’ emphasizes the importance of constructs such as self-efficacy and outcome 
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expectances in influencing interactions between cognitions and behaviour. The Theory of 

Reasoned Action and Planned Behavior are presented in Figure 2. 

Figure 2: Theory of Reasoned Action and Planned Behavior 

 

The ‘Attitude, Social influence and self-Efficacy (ASE) model’ (De Vries, et al., 1995 & 

1998) was derived from the Theory of Reasoned Action and the Social Cognitive Theory. In 

the ASE-model, it is assumed that intention and behaviour are primarily determined by the 

attitudes, social influences and self-efficacy expectations and the pathway between intention 

and behaviour is influenced by skills and barriers. In addition, the ASE-model adds distal or 

descriptive predictors (e.g. demographic variables) that serve to identify specific target groups 

for interventions. The Attitude, Social influence and self-Efficacy (ASE) model is presented 

in Figure 3. 
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Figure 3: The Attitude, Social influence and self-Efficacy (ASE) model 

 

 

The major concern of the ‘Transtheoretical Model or Stages-of-Change model’ (Prochaska, 

et al., 1992) is that individuals move through a series of five stages before they actually 

change behaviour. In the precontemplation stage, benefits of behavioural change are not being 

considered and people do not intend to change to a healthier behaviour. In the contemplation 

stage, individuals start to consider change but they are not yet acting on this intention, because 

they expect the cons of the new behaviour to still overrule the pros. In the preparation stage 

individuals are ready to change and are already preparing or taking steps to act. In the action 

stage behavioural changes are made, but are not yet sustained over a longer period. In the 

maintenance stage behaviour is maintained for a longer period. The Transtheoretical Model 

states that health education should be tailored to an individual’s readiness to change. 
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3. Role of the health environment, social-ecological and social-cognitive theories 

Ecological models such as the Social Ecological (Green, et al., 1996) and Social Cognitive 

Theory (Bandura, 1977 & 1986) provided theoretical insights into the role of the environment 

in shaping behaviours. The Social Ecological Theory posits that ‘the environment controls or 

limits the behaviour that occurs within it’ (Green, et al., 1996). Within the Social Cognitive 

Theory, the key concept states that ‘behaviours are influenced by personal, environmental 

and behavioural factors that are dynamic and constantly interacting’ (Bandura, 1986). In 

addition to the previously mentioned personal-level theories that have emphasized the 

dynamic interaction between individual factors and behaviour, ecological models hence 

recognize interactions between individual factors and environment (Sallis & Owen, 2002).  

A distinction is made between socio-cultural, institutional, and physical environmental factors 

(Bandura, 1986; Green, et al., 1996; Sallis & Owen, 2002). The social environment includes 

social support, role modelling, persuasion and social norms from e.g. peers, family and mass 

media. The institutional environment includes rules of policies established by institutions to 

which individuals belong such as schools and clubs. The physical environment includes 

factors such as climate, facilities and services.  

 

Based on the ecological models, the health environment can be defined as ‘all environmental 

factors that facilitate or hinder an individual’s health-related behaviour’ (Sallis & Owen, 

2002).  

 

4. Correlates of eating behaviours in adolescents 

The research field regarding correlates of eating behaviours in adolescents is still mainly 

based on cross-sectional studies. Although dependent variables often differed across studies, 

gender, age and socio-demographic factors were consistently found to be descriptive or distal 
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predictors important to consider. When compared to boys, girls were more likely to eat a low-

fat (French, et al., 1999; Lien, et al., 2002), low-sugar diet (Lien, et al., 2002) and girls were 

also found to be more receptive to healthy eating messages (McVey, et al., 2005). Dietary 

habits tend to become less healthy with increasing age, studies found that fruit intake 

decreased with age (Lien, et al., 2002, Vereecken, et al., 2005), whereas the consumption of 

soft drink consumption increased (Vereecken, et al., 2005). Lower income and lower 

educational status of parents and adolescents were also associated with lower levels of fruit 

intake and higher levels of sugar and soft drink consumption (Lien, et al., 2002; Vereecken, et 

al., 2004 & 2005). Lower income parents have less money to spend and foods that are high in 

sugar and fat are more often among the least expensive sources of dietary energy (Taylor, et 

al., 2005). Thus boys, older youngsters, and lower-income adolescents can be considered at 

higher risk for unhealthy eating habits. 

 

Psychosocial influences such as attitudes (De Bourdeaudhuij & Van Oost, 2000), beliefs 

(French, et al., 1999), perceived benefits (Neumark-Sztainer, et al., 1999), and self-efficacy 

(French, et al., 1999), were also associated with eating behaviours in adolescents. For 

example positive beliefs about low fat snacks, self-efficacy to choose a low-fat snack, desire 

to choose a healthy snack and interest in body weight were all related to higher consumption 

of low fat snacks (French, et al., 1999). In Flemish adolescents attitudes and self-efficacy 

were related to fat, fruit and soft drink consumptions, on the other hand correlations with 

social support were less pronounced (De Bourdeaudhuij & Van Oost, 2000). Findings from 

focus groups in US adolescents revealed that convenience and the amount of time they want 

to spend on food are among the most important factors influencing adolescents’ food choices 

(Neumark-Sztainer, et al., 1999). Taste preference was also found to be an important correlate 

for several eating behaviours such as low-fat snacking (French, et al., 1999), fruit intake 
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(Neumark-Sztainer, et al., 2003; Bere & Klepp, 2004) and soft drink consumption (Grimm, et 

al., 2004). Personal preferences for eating fast food or vending machine snacks have been 

identified as barriers to eat healthy (French, et al., 1999).  

 

Within the social environment, family and friends were found to exert considerable influence 

on adolescents’ eating behaviours (Taylor, et al., 2005). For example soft drink consumption 

of parents and friends were strongly associated with soft drink consumption in children and 

adolescents (Grimm, et al., 2004). Fewer family meals resulted in lower fruit (Gillman, et al., 

2000; Videon & Manning, 2003) and higher soft drink consumption among adolescents 

(Gillman, et al., 2000). Adolescents themselves associated healthy eating with eating family 

meals (Neumark-Sztainer, et al., 1999). Better family relationships were also associated with 

higher fruit and lower soft drink consumption (Lien, et al., 2002). Authoritative parenting 

styles combining higher levels of parental control with involvement were associated with 

higher fruit intake (Kremers, et al., 2003). On the other hand permissive parenting giving 

adolescents more decision-making power about food was associated with less healthy eating 

behaviours (De Bourdeaudhuij & Van Oost, 2000). Taylor, et al. (2005) reviewed the 

literature regarding determinants of healthy eating and one of their conclusions was that an 

authoritarian parenting style, characterized by restricting unhealthy food items and using 

healthy food items as a reward, was found to increase intake of unhealthy food items once 

restriction was removed.  

 

Next to the social environment, multiple aspects of the physical environment were found to be 

influential for eating behaviours. Availability (Neumark-Sztainer, et al., 1999 & 2003; 

Hanson, et al., 2005; Vereecken, et al., 2005) and accessibility (Bere & Klepp, 2004) of 

healthy and unhealthy food items at home or at school were identified as important 
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determinants of consumption of these products (Taylor, et al., 2005). For example soft drink 

consumption was influenced by availability at home and by the presence of vending machines 

at school (Grimm, et al., 2004). Exposure to food advertising was another important 

influencing factor of the physical environment. Food advertisements promote more frequently 

consumption of less healthy foods, including high fat and energy dense snacks and rarely 

feature healthy choices such as fruits (Taylor, et al., 2005). This is a concern, since children 

are more likely to request, purchase and consume food items that they have seen on television. 

For example television viewing, used as a proxy measure of exposure to advertisement, was 

found to be associated with soft drink consumption in US children (Grimm, et al., 2004). In 

Flemish adolescents TV viewing was generally found to be accompanied with the intake of 

food and snacks (Van den Bulck & Van Mierlo, 2004; Vereecken, et al., 2006). 

 

In conclusion, although the investigated eating behaviours differed across studies, several 

demographic (gender, age, SES), psychosocial (attitudes, beliefs, benefits, self-efficacy), 

social-environmental (family, friends) and physical-environmental factors (availability, 

accessibility, advertisement) were found to be influential for fat, fruit or soft drink 

consumption. In order to develop effective interventions, it is important to get more insight 

into the influencing factors for these behaviours among Flemish adolescents. 

 

5. Correlates of physical activity in adolescents 

The research field regarding correlates of physical activity in adolescents is also mainly based 

on cross-sectional studies and is still growing. As with correlates of eating behaviours, 

gender, age and socio-demographic factors are also important descriptive or distal predictors 

for physical activity. Boys were consistently found to be more active than girls (Sallis, et al., 

2000; Pate, et al., 2002; Trost, et al., 2002; Biddle, et al., 2004; Currie, et al., 2004) and 
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physical activity levels decline dramatically with age in both boys and girls with the steepest 

decline in adolescence (Sallis, 2000; Pate, et al., 2002; Currie, et al., 2004). Physical activity 

levels were found to be unrelated to socioeconomic status, when SES was defined as a 

composite of education, income and occupational status (Sallis, et al., 2000). However, higher 

parents’ and adolescents’ education levels per se were found to be related to increased 

physical activity levels (Schmitz, et al., 2002; De Bruijn, et al., 2005). Thus, girls, older 

youngsters and lower-educated adolescents can be considered at higher risk for inactivity. 

 

The relationships between psychosocial variables and physical activity were reviewed by 

Sallis and colleagues (2000) and it was concluded that results regarding self-efficacy, 

attitudes, perceived benefits and barriers were inconsistent (Sallis, et al., 2000). On the other 

hand achievement orientation, perceived competence and intention to be active were more 

consistently related to physical activity in adolescents (Biddle & Goudas, 1996; Sallis, et al., 

2000).  

 

Most of the recently conducted studies in adolescents found associations between some of the 

psychosocial determinants and physical activity levels in adolescents (Fein, et al., 2004; De 

Bourdeaudhuij, et al., 2005; De Bruijn, et al., 2005 & 2006; Motl, et al., 2005). In Flemish 

adolescents a better attitude, higher self-efficacy, more support from family and friends, the 

perception of more competition benefits and of less barriers such as lack of time or interest 

were all associated with higher physical activity levels (De Bourdeaudhuij, et al., 2005). Self-

efficacy was a significant predictor of energy expenditure in Canadian adolescents (Fein, et 

al., 2004) and of physical activity in American (DiLorenzo, et al., 1998) and Dutch 

adolescents (De Bruijn, et al., 2005 & 2006). In addition, intention, attitude, self-efficacy and 

subjective norm were associated with bicycle use in Dutch adolescents (De Bruijn, et al., 
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2005). Self-efficacy for overcoming barriers was also a mediator of the effect of perceived 

equipment accessibility in the home (e.g. bicycles, balls, skates) and the community (e.g. 

playgrounds, parks, gyms) on physical activity in US girls (Motl, et al., 2005). In a recent 

study in American adolescents self-regulation (e.g. goal setting, self-monitoring, self-reward), 

was the most important construct in explaining daily participation in moderate to vigorous 

physical activity (Petosa, et al., 2005). In American girls, higher physical activity levels were 

further associated with girls placing a higher value on health, appearance and achievement 

(Schmitz, et al., 2002).  

 

With regard to the social environment, correlates of adolescents’ physical activity were most 

widely investigated in the family or home environment. Modelling of physical activity from 

parents, siblings and friends was extensively investigated and no relevant associations with 

physical activity were found (Brug, & Van Lenthe, 2005). However, several studies found 

that adolescents’ physical activity levels were influenced by parental and peer support for 

physical activity (DiLorenzo, et al., 1998; Sallis, et al., 2000; Trost, et al., 2003; Frenn, et al., 

2005). Parental support consisted of providing transportation, observing and encouraging 

(Trost, et al., 2003). One study showed that like in eating behaviours, non-authoritative 

parenting style was also positively associated with physical activity in adolescents (Schmitz, 

et al., 2002).  

 

The physical environment may play especially an important role for physical activity, because 

physical activity occurs in specific settings (Sallis, et al., 1998). Studies investigating 

environmental correlates of physical activity in adolescents are still scarce. Environmental 

characteristics associated with adolescents’ physical activity levels were availability of 

recreational facilities (Mota, et al., 2005), opportunities to be physically active (Gordon-
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Larsen, 2000, Sallis, et al., 2000), neighbourhood safety (Gordon-Larsen, 2000), sidewalk 

characteristics (Jago, et al., 2005) and perceived importance of the school environment (Fein, 

et al., 2004).  

 

In conclusion, several demographic factors (gender, age, education) were important in 

explaining physical activity. No general conclusion can be drawn regarding psychosocial 

determinants. Although recent studies showed associations between some of the psychosocial 

determinants and physical activity, results were still inconsistent and more studies are 

required. Within the social environment parental en peer support were found to be influential, 

whereas modelling from parents was not. Although studies regarding physical-environmental 

variables were still scarce, recent research provided evidence for the important role of these 

factors. 

 

When reading the above sections regarding correlates of eating and physical activity 

behaviours, readers may have become aware that school-related variables were not yet 

discussed. These factors are further outlined in the following part of the introduction that 

starts with a brief description of the role of the school in shaping eating and physical activity 

behaviours, to continue with an overwiew of school-based healthy eating and physical activity 

interventions. 

 

USING THE SCHOOL AS A SETTING TO PROMOTE HEALTHY EATING AND PHYSICAL ACTIVITY 

 

1. Introduction: role of the school 

Ideally health promoting interventions should combine both educational and environmental 

support as defined earlier (Green & Kreuter, 1990). The school is one of the most important 
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environments for adolescents’ health (Shepard, et al., 2002) and that the school is as an ideal 

setting for health education is self-evident. The school’s nutrition and physical activity 

environment can be conceptualized as any external factor that could influence eating and 

physical activity behaviours of its students (Wechsler, et al., 2000). Influencing factors for 

eating behaviours are food and beverages offered during meals, food and beverages available 

at school outside meals (e.g. vending machines and school stores) and nutrition education 

classes. Influencing factors for physical activity are recess periods, intramural sports and 

physical activity programs, facilities that support physical activity (e.g. accommodation, sport 

materials) and physical education classes (Wechsler, et al., 2000). Policies, audiovisual cues, 

qualified staff; role modelling of teachers and incentives in the school’s physical environment 

are important factors for both behaviours (Wechsler, et al., 2000; Kubik, et al., 2003).  

 

2. School-based healthy eating and physical activity interventions in adolescents 

Table 1 gives an overview of recently conducted intervention studies in adolescents. 

 

2.1 Interventions to improve eating behaviours in adolescents 

Thomas, et al. (2004) reviewed school-based interventions and concluded that most 

interventions targeting eating behaviours consisted of classroom curricula and were only 

effective in improving knowledge; actual food intake was more resistant to change. Most 

interventions were conducted in elementary school children and most successful interventions 

consisted of at least 10 sessions, involving cafeteria choices and parental support. For 

example, The ‘Know your body’ intervention that started in elementary school and lasted for 

five years (Walter, 1989), featuring classroom education and parental involvement, was 

effective in changing fat intake.  
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The combination of classroom curricula with environmental interventions also seems 

promising to target fruit, vegetable and fat intake in adolescents (O'Neil & Nicklas, 2002; 

Lytle, et al., 2004), whereas curricula per se have led to less positive results (Hassapidou, et 

al., 1997). The “Gimme 5” intervention consisted of a curriculum of five one-hour workshops 

regarding knowledge, attitude and skills. The intervention further focused on increasing fruit 

and vegetable availability in cafeterias, involving parents through mailing and providing 

information brochures (O'Neil & Nicklas, 2002). The intervention lasted for three school 

years and was effective for increasing fruit and vegetable consumption with over 2.5 servings 

a day. The Teens Eating for Energy and Nutrition at Schools (TEENS) study was a 2-year 

intervention study conducted in American middle schools (Lytle, et al., 2004). The 

intervention included 10 classroom sessions, cafeteria promotion of fruit and vegetables and 

lower fat foods, and newsletters and home activities included in parent packs. At the end of 

the first intervention year, fruit and vegetable intake as well as food-choice scores (choice of 

lower fat versus higher fat foods) were improved as a result of the multi-component 

intervention (environmental + classroom + peer-support). However, after 2 school years 

positive intervention effects were only seen for food choice score, but no effects on food 

intake were found (Lytle, et al., 2004). A pilot study conducted among high school students in 

Greece, promoting fruit and vegetable intake by providing ten 20-minute classroom sessions 

and by providing workbooks and information for parents, was not effective for increasing 

fruit and vegetable intake (Hassapidou, 1997).  

 

Some of the above mentioned interventions (O'Neil & Nicklas, 2002; Lytle, et al., 2004) 

included passive environmental components such as increasing availability of healthy food 

products in canteens. Active environmental approaches such as lowering the price of fruit and 
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vegetables (French, et al., 1997) or low-fat snacks in vending machines (French, et al., 2001) 

were also found to be effective to increase the consumption of these food items. 

 

2.2 Interventions to increase physical activity in adolescents 

Most studies promoting physical activity were conducted in US elementary school children 

(Thomas, et al., 2004). Classroom health education curricula per se were in general not 

effective for increasing physical activity (Kahn, et al., 2002). On the other hand, physical 

education interventions with a focus on increasing moderate to vigorous physical activity 

levels during physical educations classes did show promising results (Sallis, et al., 1997; 

Kahn, et al., 2002). Recently a physical education program was evaluated as a part of the 

middle school physical activity and nutrition (M-SPAN) program, and was found to result in 

an increase in physical activity levels during physical education classes by 20%, without 

increasing time in physical education classes (Mckenzie, et al., 2004). In other studies short-

term effects of offering extra physical activities were investigated (Eliakim et al., 1997; 

Jamner, et al., 2004). For example, the combination of a weekly one-hour health education 

lesson with four weekly one-hour physical education classes was effective for preventing 

declines in physical activity in sedentary unfit adolescents girls (Jamner, et al., 2004).  

 

The studies that incorporated whole-of-school approaches including curriculum, policy and 

environmental strategies appeared to be the most effective (Timperio, et al., 2004). The 

“Intervention Centred on Adolescents’ Physical activity and Sedentary behaviour” (ICAPS) is 

a four year (2002-2006) intervention program conducted in French middle schools (Simon, et 

al., 2004). This intervention was not limited to the school setting alone, it was a multilevel 

program directed at affecting intrapersonal, social and environmental determinants of physical 

activity. It involved multiple partners with three objectives: 1) changing knowledge, attitudes, 
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beliefs and motivation towards physical activity by means of information and debates and also 

by offering activities during breaks and after-school hours, 2) encouraging social support by 

parents, peers, teachers and physical activity instructors and 3) providing environmental 

conditions that enable physical activity. After six months, increases in leisure time physical 

activity were found in the intervention groups.  

 

2.3 Interventions targeting eating and physical activity behaviours in 

adolescents 

Shepard, et al. (2002) discussed findings from middle school interventions promoting both 

healthy eating and physical activity. Again the results from interventions using health 

education curricula were mixed, results were different between studies and within studies 

intervention effects were different in boys and girls (Gortmaker, et al., 1999; Neumark-

Sztainer, et al., 2003). Planet Health (Gortmaker, et al., 1999) was a 2 year physical activity 

and nutrition curriculum (33 lessons) for middle school students that also included 

components to reduce sedentary behaviours. Teachers in interventions schools received 

training workshops, lessons and physical education materials. The primary goal was to 

prevent unhealthy weight gain among adolescents and hence the most promising finding of 

this study was evidence of obesity reduction among intervention girls. Secondary goals were 

to increase moderate to vigorous physical activity, improve diet and reduce television 

viewing. The intervention resulted in a reduction in television hours among both girls and 

boys. Reductions in television viewing mediated the intervention effect on obesity. In girls, 

the intervention was effective for increasing fruit and vegetable consumption. The program 

was not effective for increasing physical activity.  
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New-moves is one of the few recently-published interventions that targeted eating and 

physical activity behaviours in adolescent’ girls by offering a curriculum based program 

(Neumark-Sztainer, et al., 2003). During a 16-week semester physical activity was offered 

four times a week and nutrition and social support sessions were offered every other week. 

The intervention had no effects on physical activity, eating behaviours or BMI. In the 

Cardiovascular Health in Children (CHIC) study (McMurray, et al., 2002), one intervention 

group received three weekly 30-minute session of aerobic exercise for eight weeks, another 

intervention group received two weekly education classes on exercise and nutrition during 

eight weeks, and the last intervention group received half of both sessions. Effects on 

behaviour were not investigated, but physical fitness improved in the combined exercise 

education intervention group. Although there were no effects on BMI, the sum of skin folds 

increased less in both of the exercise intervention groups.  

 

To our knowledge, there is only one randomized controlled trial that investigated an 

environmental intervention targeting both nutrition and physical activity in adolescents 

(Sallis, et al., 2003).  The middle school physical activity and nutrition multi-component 

program, “M-SPAN”, combined policy and environmental interventions to increase physical 

activity and reduce dietary fat intake in middle school adolescents (Sallis, et al., 2003). In 

addition to the physical education intervention (described above), health policy and student 

health committees were created at school, parental education was provided, funds were 

provided to purchase kitchen equipment and to provide physical activity programs or 

equipment (Sallis, et al., 2003). The total intervention led to decreases in BMI and increases 

in physical activity in boys, but not in girls. There were no intervention effects on total or 

saturated dietary fat purchased at, or brought to school. The investigators reported that a 

major challenge was that the school food services had to be financially self-supporting, 
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thereby making them reluctant to replace the availability of unhealthy popular food items by 

more healthy products (Sallis, et al., 2003).  

 

2.4 Conclusions 

The differences in study design, evaluation procedures, duration and follow-up periods, make 

comparison of the effectiveness of different intervention types almost impossible. Despite 

this, overall results suggest that well-designed and well-implemented school-based programs 

seem to be able to improve eating and physical activity behaviours of adolescents. However, 

there are still few trials aimed at primary prevention of overweight and the few conducted 

interventions showed limited impact on weight status of adolescents (Summerbell, et al., 

2005; Wareham, et al., 2005). 

 

Although some studies sought to increase parental support, the effectiveness of increasing 

parental support is not clear since few studies made comparisons between the same 

interventions with or without parental participation (Wareham, et al., 2005). Evidence 

supporting the usefulness of environmental strategies in adolescents is still limited, especially 

for physical activity (Summerbell, et al., 2005). Classroom health education curricula per se 

were mostly not effective in changing behaviour. In the following part of the introduction, a 

relatively new health education strategy is discussed, namely computer tailored education. 

Computer tailored interventions can be easily implemented in the classroom and may be more 

effective to change behaviours, when compared to general health education curricula.
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COMPUTER TAILORED INTERVENTIONS 

Computer-tailoring is a theory driven health education strategy that has become more popular 

in the past decade and can be defined as the adaptation of health education to a specific person 

through a computerized process (De Vries & Brug, 1999). Computer-tailored interventions 

are usually built upon four major components. The first component consists of questionnaires 

to assess behaviour, and important determinants of behavioural change. The second 

component is a message library that contains all health education messages that may be 

needed. The third component is a set of decision rules that evaluate the answers on the 

questionnaires and generate the messages tailored to the specific answers. The final part is the 

channel to deliver the message in an understandable, clear and attractive way; for example 

through a personal letter on the computer screen (Brug, et al., 1996). The delivered 

information is thus adapted to personal diagnostic, behavioural and motivational 

characteristics (De Vries & Brug, 1999). To tailor feedback to the individual motivational 

stage, the Transtheoretical Model (Prochaska, et al., 1992) is the most frequently used 

(Kroeze, et al., 2006). Computer-tailored interventions can serve as a cheap way to provide 

personal information to large amounts of people.  

Several reviews have shown that computer tailored messages are more appreciated when 

compared to general messages (Brug, et al., 1999; Skinner, et al., 1999). Tailored messages 

were more likely to be read entirely, remembered, saved and discussed with others and were 

more often perceived as interesting and personally relevant (Brug, et al., 1996; Kreuter, et al., 

2000; Vandelanotte, et al., 2003 & 2004). 

The evidence for short- and medium-term effectiveness of computer tailored interventions on 

nutrition behaviours is quite strong, especially for fat intake (Brug, et al., 1999; Kroeze, et al., 
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2006). For physical activity promotion through tailored feedback, results were mixed, with 

interventions using detailed feedback being more effective (Kroeze, et al., 2006). 

Till now, only 2 studies investigated the effects of computer tailored feedback in adolescents 

(De Bourdeaudhuij, et al., 2002; Frenn, et al., 2005). In the first study (De Bourdeaudhuij, et 

al., 2002), effectiveness of a tailored intervention to reduce fat intake was investigated in both 

adolescents and their family. After four weeks, there was a reduction in percent energy from 

fat, but only in those adolescents with high baseline fat intake. In a second study, fat intake 

and physical activity was targeted through a tailored intervention offered during eight 45-

minutes lessons in low income, culturally diverse students. The intervention was effective for 

reducing percentage of energy from fat and for increasing physical activity (Frenn, et al., 

2005). Although the use of computer tailored feedback as a new health education strategy 

seems promising in adolescents (De Bourdeaudhuij, et al., 2002; Frenn, et al., 2005), no 

studies incorporated such interventions in a more comprehensive school-based program.  

 

PROBLEM ANALYSES & OUTLINE OF THE THESIS 

 

This thesis consists of a collection of articles that are in press, under editorial review or 

submitted for publication. All original research can be divided into two parts: Part 1, 

consisting of three cross-sectional studies looking at differences in physical activity levels in 

overweight children and influencing factors for eating and physical activity in adolescents 

(Chapter 1.1-1.3) and Part 2 describing intervention evaluations. Part 2 is the most essential 

part of this thesis; it consists of the evaluation of a multi-component intervention aimed at 

improving physical activity and dietary behaviours in the context of primary prevention of 

overweight (Chapter 2.1-2.5) and a computer-tailored intervention aimed at reducing dietary 

fat intake (Chapter 2.6). As primary prevention of overweight is aimed at preventing the 
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development of overweight in the healthy population, intervention effects were studied in the 

entire sample and not in the at risk groups. 

In the general discussion of the thesis, general conclusions, strengths and limitations, 

directions for future research and practical implications are formulated. 

 

The first study of part 1 (Chapter 1.1) highlights measurements issues when comparing 

prevalence rates of overweight and obesity. Levels of agreement between the international 

accepted BMI-based cut-offs (Cole, et al., 2000) and fat-based cut-off points (Taylor, et al., 

2003) used to define overweight were studied. Based on both classifications, differences in 

physical activity levels in overweight and healthy weight adolescents were investigated. 

Although several studies already looked at differences in physical activity levels between 

overweight and healthy weight children, the study described in chapter 1.1 added to the 

literature in combining two objective measures of overweight (BMI + %fat) with both an 

objective (accelerometers) and more subjective measure (questionnaires) of physical activity 

in the same sample of adolescents.  

 

Literature revealed that unhealthy eating behaviours like high fat intake, high soft drink 

consumption and low fruit intakes are very common among Flemish adolescents (Matthys, et 

al., 2003; Currie, et al., 2004). In addition large proportions of Flemish adolescents are not 

meeting the current physical activity guidelines of 60 minutes of moderate to vigorous 

physical activities daily (Currie, et al., 2004; De Bourdeaudhuij, et al., 2005). Dietary patterns 

(Lien, et al., 2002; Vereecken, et al., 2004 & 2005) and physical activity behaviours (Schmitz, 

et al., 2002; De Bruijn, et al., 2005) were found to be less healthy in lower lower-educated 

groups, making this group at greater risk for developing overweight and health problems. 

Hence, there is a strong need for interventions encouraging healthy eating and physical 
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activity in lower-educated adolescents in the belief that the increase in overweight prevalence 

will be prevented (Lobstein, et al., 2004), that these adolescents will benefit from short and 

long term health consequences (Biddle, et al., 2004; Penedo & Dahn, 2005; Strong, et al., 

2005) and that healthy behaviours (Kelder, et al., 1994; Anderssen, et al., 1996; Kemper, et 

al., 1999; Janz, et al., 2000; Lien, et al., 2001; Post, et al., 2001; De Bourdeaudhuij, et al., 

2002; Telama, et al., 2005) or behavioural changes (Nader et al., 1999) will persist in later 

life. 

 

To design effective interventions that promote healthy eating and physical activity behaviours 

in adolescents (Sallis, 2000), insight in influencing factors for these behaviours is required. 

Ecological models emphasize the importance of interactions between the individual and the 

environment in shaping behaviour (Sallis & Owen, 2002). Till now however, few studies 

investigated the combination of individual and environmental factors in explaining behaviours 

in adolescents.  In the second and third study of Part 1 the relative influence of environmental 

factors over and above the influence of psychosocial factors was investigated for dietary 

(Chapter 1.2) and physical activity behaviours (Chapter 1.3). 

 

Adolescents spend high amounts of time at school and schools have the opportunity to 

incorporate health education programs in the classroom curriculum. The school environment 

is further recognized as having a powerful influence on eating and physical activity 

behaviours and through schools a direct link can also be established with the home 

environment (Wechsler, et al., 2000, Story, 2002, Vereecken, et al., 2005). School-based 

interventions are thus assumed to have positive effects on adolescents’ eating and physical 

activity behaviours. Although adolescence is a vulnerable period for developing unhealthy 

eating and physical activity behaviours, most of the previously conducted school-based 
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interventions were delivered through elementary schools (Kahn, et al., 2002; Summerbell, et 

al., 2005; Wareham, et al., 2005). Some studies in middle schools targeting either eating or 

physical activity behaviours showed promising effects of incorporating health education 

curricula (Gortmaker, et al., 1999; Sallis, et al., 2003; Simon, et al., 2004). However, till now, 

few studies looked at the effect of combining educational and environmental strategies and no 

studies investigated the surplus effects of involving parents in interventions in adolescents. 

Although the use of computer tailored feedback as a new health education strategy seems 

promising (De Bourdeaudhuij, et al., 2002; Frenn & Malin, 2003 & 2005), no studies 

incorporated such interventions in a more comprehensive school-based intervention in 

adolescents.  

Hence, the first five chapters of part 2 are related to the evaluation of a two-year 

comprehensive healthy eating and physical activity intervention, combining computer-tailored 

health education with environmental strategies in Flemish middle schools. As the healthy 

school principle is aimed at creating a healthy learning environment for all students, 

intervention effects were consistently reported for the total sample and no special attention 

was given to those students at risk.  

The content and formulation of the computer tailored health education messages was tailored 

to the adolescents’ stages of change and information related to constructs such as attitudes, 

self-efficacy, social support, perceived benefits and barriers derived from the personal level 

theories (p. 19-22) was provided in the feedback. Based on the insights of social ecological 

and social cognitive theories environmental strategies such as increasing availability of 

healthy food products and opportunities for physical activity were included. 

 

The first two studies of part 2 describe one year post-intervention effects on dietary intake 

(Chapter 2.1) and physical activity (Chapter 2.2). Two year post intervention effects on 
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eating and physical activity behaviours are described in Chapter 2.3. One and two year post-

intervention effects on Body Mass Index (BMI) are described in Chapter 2.4. The purpose of 

the study described in Chapter 2.5 was to look at possible mediators of one year post 

intervention effects on physical activity.  

 

From the results of the multi-component intervention described in Chapter 2.1-2.3 it appeared 

that using computer-tailored interventions in adolescents could be a promising intervention 

strategy. Classroom computer-tailored health education could have lots of potential, since 

little time, few resources and costs would be needed to implement such interventions, given 

the opportunities to provide tailored interventions through the internet. So far however, only 

one study (Frenn & Malin, 2003) reported isolated effects of a classroom-delivered 

personalized computer-tailored intervention for eating and physical activity behaviours in 

adolescents. Hence, the final study of part 2 focuses on the acceptability, feasibility and 

effectiveness of a classroom-delivered computer-tailored intervention to reduce fat intake 

(Chapter 2.6) in adolescents. 
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Physical activity and running capacity in normal weight versus overweight boys and 

girls 

 
Abstract   
Background:  Some studies found lower levels of physical activity and fitness in overweight 
children, compared to normal weight children, while others have failed to observe any 
difference. Therefore the purpose of the present study was to reinvestigate differences in 
physical activity and running capacity between overweight and normal weight children.  
Methods: A random sample of 121 boys and 101 girls of 11 to 13 years old was selected. 
Children were divided into overweight/fat and normal weight/fat groups based on measures 
of body mass index and percentage of body fat. Physical activity level was assessed by 
accelerometers and a Physical Activity Questionnaire. Running capacity was measured by the 
Cooper Test.  
Results: Accelerometer data revealed that overweight/fat children were less moderate to 
vigorous physically active when compared to normal weight/fat children. They also 
performed worse on the running capacity test (p<0.001). Overweight children reported to be 
less active in leisure time (p<0.05) compared to normal weight children. Overfat girls 
reported to participate less in sports activities compared to normal fat girls (p<0.05). 
Conclusion: The present study found clear differences in physical activity and running 
capacity between overweight/fat and normal weight/fat 11 to 13 year olds. A major strength 
of the present study is that similar results were shown based on different estimates of 
overweight and activity in a relatively large sample of children.  
 
Key Words: Physical Fitness, Body Mass Index, Child 
 
 
Introduction 
It is clear that childhood overweight has 
reached epidemic proportions in all 
industrialized countries. In Flanders the 
prevalence of overweight is 16% [1]. 
Childhood overweight is associated with 
immediate negative health consequences 
[2]. In addition, overweight children often 
become overweight adults [3], who are at 
higher risk for cardiovascular problems 
[4].  
One of the factors contributing to the 
increasing adiposity in children and 
adolescents may be a reduction in energy 
expenditure caused by a decrease in 
physical activity [5]. Studies investigating 
differences in physical activity levels 
between overweight and normal weight 

children, at different ages, can be useful to 
design effective physical activity 
interventions. When comparing 
overweight and normal weight children 
with regard to physical activity levels or 
fitness, investigators used various 
measurements and categorisations to 
define overweight and physical activity.  
Body mass index (BMI) is often used as an 
index of body fat [4]. Different studies 
found high correlations (0.58 < r< 0.93) 
between BMI and adiposity in children [6-
7] and the sex- and age specific cut-off 
points for BMI are internationally accepted 
[7]. Using BMI as a criterion to define 
overweight, most studies have found lower 
levels of physical activity in overweight 
than in normal weight youngsters [8-9]. In 
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addition other studies showed that 
overweight children are less fit than their 
normal weight counterparts [10-11].  
Some studies also used measures of body 
fat to define overweight in children. 
Bioelectrical impedance analysis (BIA) is 
one method used to estimate body fat via 
an indirect measure of total body water 
[12]. Corresponding to the BMI cut-off 
points [7], a classification for overweight 
based on % of body fat was made [13]. A 
predicting formula was established to 
translate the BMI cut-off points into cut-
off points for % of body fat [13]. 
Investigating the relationship between 
physical activity and body fatness, some 
studies found negative relationships 
between physical activity and body fatness 
[14-17], while other studies did not [18-
19]. Furthermore several authors reported 
negative relationships between aerobic 
fitness and adiposity in children [20-21].  
Other studies demonstrated that especially 
in boys but not in girls there were 
significant inverse correlations between 
physical activity level and BMI or % of 
body fat [22-23]. In the same line the 
inverse relationship between aerobic 
fitness and adiposity was found to be 
stronger in boys [21].  
In previous studies a wide range of 
measurements were used to define 
overweight making results often difficult 
to compare. Therefore one purpose of the 
present study was to investigate levels of 
agreement between two classifications 
used to define overweight [7, 13]. 
However, the main purpose was to 
compare physical activity levels and 
running capacity between overweight and 
normal weight youngsters. It was 
hypothesized that overweight 11 to 13 year 
olds would have lower levels of physical 
activity and running capacity than their 
normal weight counterparts.  
Material and Methods  

Subjects and selection 
Fifteen classes of seventh graders were 
randomly selected from 15 different 
schools with technical or vocational 
education, resulting in a total sample of 
222 11 to 13 year olds (age 12 + 0.56y, 
121 boys and 101 girls). An informed 
consent was obtained from all parents. The 
study protocol was approved by the Ethical 
Committee of the Ghent University. 
Measurements 
All measurements took place at school. 
Anthropometrics 
Weight and height were registered in light 
clothing and bare feet. Weight was 
assessed to the nearest 0.1 kg (seca, max 
200 kg). Height to the nearest millimetre 
was measured using a wall-mounted 
stadiometer. Children were asked to stand 
straight, with their heels against the wall. 
BMI was calculated by dividing the weight 
(kg) by the height (m) squared. Using the 
international cut off points for BMI for 
overweight by sex and age [7], children 
were grouped into ‘normal weight’ (78.3 
%) and ‘overweight’ (21.7 %) children 
(see Table I). 
Percentage of body fat was determined 
using BIA (Bodystat 1500, Bodystat Ltd, 
Douglas), at a frequency of 50 kHz. 
Children were lying down, in supine 
position with the arms and legs spread, on 
a non-conducting mat for at least five 
minutes.  Self-adhesive electrodes were 
placed on the right side of the body on the 
dorsal surfaces of the hand and feet. Based 
on the obtained resistance value, % of 
body fat was calculated using the formula 
of Houtkooper [24] specific for ten to 14 
year old children. The cut off points of 
Taylor [13] for % of body fat were used to 
group children into ‘normal fat’ (82.6 %) 
and ‘overfat’ (17.4 %) children.  
Physical activity measurements 
Physical activity level was determined, 
using a self-administrated questionnaire,
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 based on the computerized Flemish 
Physical Activity Questionnaire (FPACQ). 
The questionnaire was filled out under 
direct supervision of the teacher. In 20 
children data were missing due to absence 
at the day of measurements or 
questionnaires filled out inaccurately. Data 
on demographic factors were collected in 
the first part of the questionnaire. In a 
second part, physical activity levels were 
assessed. Total physical activity level was 
determined as a result of two main 
components: an active transportation index 
and a sports index. The “active 
transportation index” was composed, using 
questions addressing the minutes of 
cycling and walking to school and in 
leisure time. Computing minutes of sports 
at school and in leisure time, a “total sports 
score” was assessed. Based on the METS 
from the Compendium of physical activity 
[25], each sport with metabolic rate lower 
than 3 METS (corresponding to the limits 
used with the CSA) was classified as an 
activity of low intensity and was not taken 
into account for the sports index. The 
sports index was truncated to a realistic 
maximum of 20 hours a week to avoid 
overestimation. A “physical activity at 
school index” was determined computing 
time spent in intracurricular and 

extracurricular activities. Computing 
minutes of leisure time sports and active 
transportation the “leisure time physical 
activity index” was assessed. Philippaerts 
[26] reported moderate to high reliability 
of the FPAQ for the different indexes used 
in the present study. In general the test-
retest intraclass correlation coefficients 
(ICC) exceeded 0.7.  To obtain validity 
measures, data from the questionnaire were 
correlated to data derived from 
accelerometers (model 7164, Computer 
Science Application, Inc., Shalimar, FL). 
For active transportation no relationship 
with CSA measures was found. Since the 
CSA measures uniaxial measures, it is 
likely that activities like cycling were not 
well reflected by the activity counts. For 
other indexes used in this study, 
information is accepted to be valid (r 
between 0.43 and 0.48) [26]. Physical 
activity levels were also assessed by 
accelerometers (model 7164, Computer 
Science Application, Inc., Shalimar, FL) 
during six days. In 32 children data were 
missing due to illness, lack of permission 
from parents to wear the instrument or 
registration problems. The accelerometers 
were set to measure activity counts in an 
epoch time of one minute. Activity counts 
are the summation of the accelerations 

Table I: Characteristics of the overweight and normal weight boys and girls (Mean + SD) 

Boys  Girls   

Characteristics Normal weight Overweight Normal weight  Overweight 

(n) (101) (20)  (72) (28) 

Age (y) 12.5 + 0.6 12.5 + 0.5  12.5 + 0,5 12.5 + 0.6 

Height (m) 1.55 + 0.09 1.60 + 0.1  1.56 + 0.08 1.58 + 0.07 

Body mass (kg) 41.9 + 6.7 63.3 + 12.3  44.2 + 7.4 66.2 + 10.1 

BMI (kg/m2) 17.5 + 1.6 24.2 + 2.1  18.1 + 1.9 26.5 + 3.7 

Body fat (%) 14.1 + 5.1 25.5 + 7.5  18.9 + 5.3 31.9 + 7.3 
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measured over the epoch and are used to 
determine the intensities of activities 
performed. Activity counts cut-off points 
specific for children differ considerably 
across studies [27-29] and there is still no 
consensus on which of these cut-off points 
are the most appropriate to use. Adult cut-
off points are widely used, which makes 
comparison with other studies possible. 
According to these cut-offs a distinction 
was made between minutes of zero counts, 
less than 1952 counts (less than 2.99 
METS), 1952 to 5724 counts (3.0 to 5.99 
METS) and more than 5724 counts (more 
than 6.0 METS), corresponding 
respectively to inactivity, activity of light, 
moderate and high intensity [30]. Children 
were imposed to wear the accelerometer 
above the right hipbone, underneath the 
clothes. Accelerometers were held in place 
with an elastic belt and adjustable buckle. 
Since the activity monitor is not resistant to 
water, it was put off for water activities 
like swimming or taking a bad or shower. 
Children were asked to register in a diary 
each activity, including duration, 
performed without wearing the 
accelerometer and these activities were 
taken into account. The accelerometer has 
been shown to be a valid and reliable tool 
for the assessment of physical activity in 
children [29, 31-32]. 
Running capacity measurement 
Running capacity was estimated by the 
Cooper Test. Different investigators found 
high correlations (0.82<r<0.94) between 
VO2max and the 12 minute running test in 
young adults [33-34]. The 12 minute 
running test was lead by the physical 
education teacher during physical 
education class. In two out of the 15 
classes (40 children) the physical education 
teachers refused to complete the Cooper 
Test.  
Statistical Analysis 

All analyses were executed with SPSS 
12.0. Pearsons’ correlations were used to 
correlate physical activity measurements to 
measurements of running capacity. 
Crosstabs (Kappa) were used to examine 
levels of agreement between BMI based 
[7] and fat based classification [13] to 
define overweight. Two-way Anova’s were 
executed to evaluate differences in 
physical activity levels and running 
capacity between ‘normal weight’ and 
‘overweight’ (Cole’s classification) boys 
and girls and to assess differences between 
‘normal fat’ and ‘overfat’ boys and girls 
(Taylor’s classification). Values of p ≤ 
0.05 were considered as statistically 
significant.  
Results 
Correlations between performance on the 
12-minute running test and physical 
activity levels 
The performance on the 12-minute running 
test showed significant correlations with 
self-reported total physical activity 
(r=0.35, p<0.01), active transportation 
(r=0.20, p<0.01), sports (r=0.35, p<0.01), 
school related physical activity (r=0.20, 
p<0.01) and leisure time physical activity 
(r=0.34, p<0.01). Correlations with 
physical activity of moderate to vigorous 
intensity measured with accelerometers 
were also significant (r=0.47, p<0.01). 
Level of agreement between BMI and fat 
based classficiations 
The level of agreement between BMI and 
fat-based classifications to define children 
as ‘overweight’ or ‘overfat’ is presented in 

Table II: Agreement between BMI classification 

(Cole) and fat classification (Taylor) 

Normal weight  Overweight 
 

Boys Girls Boys Girls 

Normal fat 88 72 4 11 

Overfat 8 0 

 

15 14 
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Table II. There was a significant degree of 
agreement in both boys (K=0.651, 
p<0.001) and girls (K=0.654, p<0.001).  
Differences in physical activity levels and 
running capacity between ‘overweight’ 
and ‘normal weight’ children (see table 
III) 
Overweight children reported to be 
significantly less physically active in 
leisure time, when compared to normal 
weight children. A mean difference of 17.5 
minutes a day was found.  
For time spent in activities of moderate to 
vigorous intensity measured by 
accelerometers, a significant interaction 
effect (F=4.25, p<0.05) between weight 
status and gender was found. Normal 
weight boys spent on average 21 minutes a 
day more in activities of moderate to 
vigorous intensity, when compared to 
overweight boys, this difference was not 
found in girls. Seventy % of the 
overweight and 44.5 % of the normal 
weight boys was engaged in less than 60 
minutes of moderate to vigorous physical 
activity a day. For the girls percentages 
were respectively 89 and 78. 
A strong main effect of weight status 
(F=36.63, p<0.001) in the performance on 
the running capacity test was found. 
Overweight children ran on average 403.5 
meters less in 12 minutes compared to 
normal children.  
Differences in physical activity levels and 
running capacity between ‘overfat’ and 
‘normal fat’ boys and girls (see table IV)  
For self-reported time spent in sports there 
was a significant interaction effect between 
fat status and gender (F=3.85, p<0.05). 
Overfat girls report to participate on 
average 27 minutes a day less in sports 
compared to normal fat girls; there were no 
significant differences in boys.  
For minutes of moderate to vigorous 
physical activity measured by 
accelerometers, a significant main effect of 

fat status (F=6.55, p<0.05) was found. 
Overfat children were on average 12 
minutes a day less moderate to vigorous 
physically active when compared to 
normal children. Seventy seven % of the 
overfat and 43 % of the normal fat boys 
was engaged in less than 60 minutes of 
moderate to vigorous physical activity a 
day. In girls percentages were respectively 
89 and 80. 
There was a significant difference 
(F=46.17, p<0.001) in the performance on 
the running capacity test, with the overfat 
children performing worse than the normal 
fat children. Overfat children ran on 
average 419.5 meters less in 12 minutes 
than normal fat children. 
Discussion 
One purpose of the present study was to 
investigate levels of agreement between 
two classifications used to define 
overweight [7, 13], and relatively high 
levels of agreement were obtained. Using 
the fat based cut-off points, 17.4 % of the 
children was defined as ‘overfat’. Based on 
the age and sex specific BMI criteria 21.7 
% of the children was categorised as 
overweight. The lower prevalence rates 
using fat based classification can be 
explained by the fact that some boys (4/19) 
and a relatively high proportion of girls 
(11/25) were defined as normal fat, but 
exceeded the BMI cut-offs for overweight. 
It could be that the use of BIA to measure 
% of body fat lead to these differences in 
classification [35]. BIA is based on the 
assumption that total body water is a fixed 
part of the fat free mass, but the water 
content may be higher in obese children 
[36]. This condition could cause an 
overestimation of the lean body mass 
which could result in an underestimation of 
body fat. Hydro densitometry and dual-
energy X-Ray absorptiometry (DXA) are 
direct and more accurate measures of body 
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fat, but these methods are expensive and 
not easy to use in the field [37].  
However, independent of criteria used, 
prevalence rates were higher than 
population reference values (16%) in our 
subgroup of Flemish children [1]. Also this 
could be a measurement issue, since self-
reported height and weight were used to 
assess population prevalence rates, which 
could have caused an underestimation of 
BMI [38]. Another explanation for the 
higher prevalence rates is the lower level 
of education in our sample. Lower 
educated children often have lower 
educated parents with lower social status 
[39]. A negative association between 
parental social status and the prevalence of 
overweight has been demonstrated [40]. 
The main purpose of this study was to 
investigate differences in physical activity 
levels and running capacity between 
overweight and normal weight children. In 
line with the hypothesis, clear differences 
were demonstrated. For physical activity 
measured by accelerometers, differences 
between groups varied by intensity. No 
differences between groups were found for 
physical activity of light intensity, whereas 
there were differences for time spent in 
moderate to vigorous physical activity. 
Normal weight boys had higher levels of 
moderate to vigorous physical activity 
compared to overweight boys, but in girls 
time spent in moderate to vigorous 
physical activity was comparable. 
However results with fat based standards 
were slightly different. Overfat boys, but 
also girls were less moderate to vigorous 
physically active compared to normal fat 
boys and girls. Few studies have looked at 
differences between overweight and 
normal weight children according to 
quantity and intensity of the activities 
objectively measured by accelerometers. 
Supportive to our results, Trost et al [8] 
found that obese 11 year old children were 

on average 22 minutes a day less moderate 
to vigorous physically active compared to 
non-obese children, but gender differences 
were not analysed. Mota et al [9] found a 
mean difference of 19 minutes a day 
between overweight and normal weight 
girls aged 8-15 year for time spent in 
activities of moderate to vigorous intensity, 
contradictory to our results no differences 
were found in boys. Other studies found 
inverse correlations between time spent in 
moderate to vigorous physical activity and 
% of body fat [16-17]. Guidelines for 
physical activity in youth [41] recommend 
involvement in moderate to vigorous 
physical activities for at least 60 minutes a 
day from a health promotion [42] as well 
as from a weight control perspective [14]. 
In the present study very high percentages 
of children did not meet these guidelines.  
Differences between groups for self-
reported physical activity level were partly 
dependent on the context of the activities. 
Overweight boys and girls were less 
engaged in leisure time physical activity 
compared to normal weight boys and girls. 
These differences were not found when 
using the fat based criteria. Overweight 
children spent on average 18 minutes a day 
less in leisure time physical activities than 
normal weight children. There were no 
differences in sports participation between 
overweight and normal weight boys and 
girls, when using the BMI standards. When 
using fat based criteria no differences in 
sports participation were found in boys. 
However, girls defined as ‘overfat’ 
engaged on average 27 minutes a day less 
in sports when compared to normal fat 
girls. In contrast to these findings, other 
studies found lower levels of sports 
participation in overweight or obese 
adolescent boys versus normal weight 
boys, but not in girls [11, 43].  
In line with other studies where a negative 
relationship between aerobic fitness and 
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body fat or increasing body fatness was 
found [20-21], there were large differences 
in performance on the running capacity test 
between overweight and normal weight 
boys and girls. The differences in physical 
activity found between overweight and 
normal weight youngsters may explain the 
differences found in running capacity as 
lower levels of physical activity were 
related to lower levels of running capacity 
in the present sample. Another explanation 
may be that overweight children were less 
motivated than normal weight children to 
run as much as possible during the 12-
minute running test, but were rather 
focused on continuing with running during 
12 minutes. Furthermore, a weight-bearing 
task was used to assess running capacity, 
since in daily life time activities 
overweight youngsters also have to carry 
their extra body weight. Of course, results 
might look different when using a non-
weight bearing physical fitness test. 
This study was cross-sectional. It described 
physical activity patterns of a group of 
children at one point in time, therefore 
questions about development or aetiology 
of overweight can not be answered. It was 
demonstrated that the variation in 
measurements and cut-off points used to 
define overweight should be taken into 
account when interpreting results of 
different studies. Therefore a major 
strength of the present study is that similar 
results were shown based on different 
estimates of body fat (BMI and BIA) and 
activity (physical activity questionnaire, 
accelerometers and running capacity). 
Using accelerometers, it was more 
objectively demonstrated that physical 
activity levels differed between overweight 
and normal weight children. Not 
surprisingly, differences in self-reported 
levels were less clear; since it is known 
that obese subjects tend to over report there 
physical activity levels [44-45].  

Conclusions 
It can be concluded that already in early 
adolescence overweight youngsters are less 
active and less fit than their normal weight 
counterparts and that prevention but also 
treatment is very urgent in this lower 
educated group. High percentages of 
overweight but also normal weight 
children are not engaged in adequate levels 
of moderate to vigorous physical activity 
and this is already the case in children of 
11 to 13 years old.  
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The contribution of psychosocial and home environmental factors in explaining eating 
behaviors in adolescents. 

 
Abstract 
Objective: The present study aimed at investigating the influence of food availability, rules 
and television viewing habits on eating behaviours in adolescents. Design: Cross-sectional 
study. Setting: Four randomly selected middle schools. Subjects: A sample of 534 7th and 8th 
graders. Interventions: Validated questionnaires were used to measure the family 
environment and fat, soft drink and fruit consumption. Hierarchical regression analyses on fat, 
soft drink and fruit consumption, with demographic and psychosocial variables entered as the 
first and environmental factors as the second block were conducted in boys and girls. Results: 
Boys with more unhealthy products available at home consumed more fat (p<0.001, 95% CI: 
8.2 to 29.4) and more soft drinks (p<0.01, 95% CI: 0.2 to 1.4). Boys who reported better 
television viewing habits ate more fruit (p<0.001, 95% CI: -1.7 to -0.5). Girls who reported 
better television viewing habits consumed less fat (p<0.01, 95% CI: 1.4 to 9.0) and more fruit 
(p<0.05, 95% CI: -1.0 to -0.1). Girls who reported higher availability of healthy products at 
home (p<0.05, 95% CI: 0.3 to 3.1) and more food rules (p<0.001, 95% CI: -1.8 to -0.5), 
consumed more fruit. Environmental factors were poor predictors of soft drink consumption 
among girls. Conclusion: Availability of (un) healthy food products, family food rules and 
TV viewing habits were related to one or more eating behaviours in boys or girls. Although 
home environmental factors can play an important role in influencing adolescents’ eating 
behaviours, these factors were generally less predictive than demographic and psychosocial 
variables. 

 

Key Words: Environment, Family, Dietary Fats, Fruit, Drinking Behavior, Adolescent 
 
Introduction 
In the past years dietary behaviours have 
moved in an unhealthy direction in US 
youth (Story et al, 2002; Lytle & Kubik, 
2003). Also in Europe children and 
adolescents have poor dietary habits (Cruz, 
2000; Currie et al, 2004; Lambert et al 
2004). The transition from childhood into 
adolescence often results in diets becoming 
less healthy (Lytle, 2000). Previous 
research in European adolescents revealed 
that saturated fat intake is far above 
recommendations, fruit intake is less than 
desirable and soft drink consumption is too 
high (Currie et al, 2004). An unhealthy diet 
during adolescence can negatively affect 
growth and development (CDC, 1997) and 
is likely to persist into adulthood (Kelder et 

al, 1994; Lien et al, 2001). Moreover high 
energy and fat intake, low fruit intake and 
excessive soft-drink consumption have 
been associated with higher risk for 
becoming overweight and obese and for 
diabetes, hypertension, cancer and 
cardiovascular diseases (Willet, 1994; 
CDC, 1997; Reilly & Dorosty, 1999; Van 
Duyn & Pivonka, 2000; Ludwig et al, 
2001; Lytle & Kubik, 2003; Matthys et al, 
2003). Hence, there is an urgent need for 
effective interventions aimed at improving 
dietary behaviours in adolescents. 
However, to design effective interventions 
it is necessary to understand factors that 
influence adolescents’ eating behaviours. 
Different health behavioural theories such 
as the Social Cognitive Theory (Bandura, 
1986) and the Theory of Planned 



Chapter 1.2                       Original Research. 

 

71 

behaviour (Ajzen, 1985) have underlined 
the importance of personal factors in 
explaining people’s behaviours. Such 
demographic and psychosocial correlates 
of adolescents’ eating behaviours have 
been studied previously (De 
Bourdeaudhuij & Van Oost, 2000; Trudeau 
et al, 1998; Monge-Rojas et al, 2002). 
More recent theories, such as the social 
ecological theory, state that the 
environment plays an important role in 
shaping healthy behaviours, since it can 
control or limit the behaviours that occur 
within it (Green & Kreuter, 1991). As a 
consequence more attention is recently 
paid to the influence of the environment on 
healthy behaviours such as healthy eating 
(French et al, 2001). The home 
environment is part of the broader 
environment in which adolescents live. 
Hence, studies focusing on eating patterns 
of adolescents in the context of the family 
are emerging (Jenkins & Horner, 2005). 
Most previously conducted studies 
investigating determinants of eating 
behaviours in adolescents, looked at 
household socio-economic factors such as 
household income and parental education 
(Brug & Van Lenthe, 2005). Other 
environmental correlates like home 
availability of fruits, (Hanson et al, 2005; 
Young et al, 2004; Befort et al, 2006), 
accessibility of fruits (Bere & Klepp, 
2004), parental support, parental intake 
(Young et al, 2004), frequency of meals 
together with the family (Gillman et al, 
2000; Videon & Manning, 2003) and 
‘parental style dimensions’ defined by 
involvement and strictness (authoritative, 
authoritarian, neglectful and indulgent) 
(Kremers et al, 2003) were extensively 
investigated for fruit intake (Taylor et al, 
2005). Studies, investigating 

environmental correlates of fat intake, are 
less common. Most frequently reported 
correlates of fat intake are amount of 
family dinners (Gillman et al, 2000), 
number of meals (Cullen et al, 2004), 
frequency of eating in fast-food restaurants 
(French et al, 2001; Befort et al, 2006) and 
eating while watching television (Befort et 
al, 2006). Furthermore there is a lack of 
studies investigating correlates of soft 
drink consumption. In addition, few studies 
have investigated the same environmental 
correlates for different dietary behaviours 
(Brug & Van Lenthe, 2005). Studies 
investigating adolescents’ environmental 
correlates of dietary behaviour were most 
often conducted in the United States and 
there is a lack of studies investigating 
environmental correlates of adolescents’ 
dietary behaviours in European countries.  
Although the social ecological theory 
(Green & Kreuter, 1991) presents the 
environment as the central construct, the 
interaction between personal and 
environmental factors is well recognized 
(Sallis & Owen, 2002). Hence, the main 
purpose of the present study was to 
investigate the variance in fat intake, soft 
drink consumption and fruit intake 
explained by household availability of 
healthy and unhealthy food products, 
household food rules and television 
viewing habits, above and beyond the 
effects of demographic and psychosocial 
correlates in a sample of Flemish boys and 
girls. A second purpose was to study the 
reliability and validity of an age-specific 
questionnaire developed to measure the 
food-related physical environment in 
Flemish adolescents. 

Methods 
Participants 



Chapter 1.2                       Original Research. 

 

72 

Participants for the present study were 
recruited from four middle schools in 
West-Flanders (Belgium). The parents of 
all pupils in seventh and eight grade 
(n=667) received an informed consent in 
which authorization was enquired for their 
child to complete measurements. The 
parents of 634 (95%) children gave 
permission for their child to participate in 

this study. Of those children 534 
completed all questionnaires; data of 100 
children were missing due to absence at 
day of measurements or questionnaires 
filled out inaccurately, yielding in a final 
response rate of 84%. Table 1 presents the 
baseline demographic and psychosocial 
characteristics and eating behaviours of the 
sample. The Study protocol was approved 

Table 1. Descriptive characteristics (% or means and standard deviations) for the total 

sample of boys and girls 

 Total sample Boys Girls 

(n) (534) (199) (335) 

Age (years) 12.7 + 0.6 12.8 + 0.6 12.7 + 0.6 

% high SES 49.1 + 50.0 53.1 + 50.0 46.9 + 50.0 

Fat intake (grams/day) 100.5 + 42.1 113.5 + 46.7 93.1 + 37.1 

   Attitudea 3.5 + 0.6 3.3 + 0.6 3.6 + 0.6 

   Self-efficacya 3.6 + 0.8 3.5 + 0.8 3.6 + 0.8 

   Social supporta 1.9 + 0.8 1.8 + 0.8 2.0 + 0.9 

   Perceived benefitsa 3.1 + 0.9 2.8 + 0.9 3.2 + 0.9 

   Perceived barriersa 2.1 + 0.7 2.2 + 0.7 2.1 + 0.7 

Soft drink consumption 

(glasses/day) 

2.5 + 2.3 2.8 + 2.6 2.3 + 2.2 

   Attitudea 3.6 + 0.9 3.3 + 0.7 3.5 + 0.7 

   Self-efficacya 3.6 + 0.9 3.5 + 0.9 3.7 + 0.9 

   Social supporta 1.9 + 0.8 1.8 + 0.8 1.9 + 0.8 

   Perceived benefitsa 3.1 + 0.8 3.0 + 0.8 3.2 + 0.8 

   Perceived barriersa 1.9 + 0.7 2.1 + 0.7 1.9 + 0.6 

Fruit intake (pieces/week) 6.2 + 5.4 5.8 + 0.4 6.3 + 5.4 

   Attitudea 4.3 + 0.6 4.2 + 0.6 4.4 + 0.6 

   Self-efficacya 3.4 + 1.1 3.3 + 1.1 3.5 + 1.1 

   Social supporta 2.0 + 0.8 2.0 + 0.8 2.0 + 0.8 

   Perceived benefitsa 3.5 + 0.8 3.3 + 0.9 3.6 + 0.8 

   Perceived barriersa 2.1 + 0.6 2.1 + 0.7 2.1 + 0.6 
a On a scale from 1-5, from negative to positive  
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by the Ethical Committee of the Ghent 
University.  
Measures 
Field work took place in June 2004.  
Questionnaire assessing home environment 
related to eating behaviours 
To measure potential environmental 
correlates of eating behaviours in 
adolescents, a new questionnaire was 
developed based on the results found in 
previous studies (Hanson et al, 2005; 
Young et al, 2004; Befort et al, 2006; Bere 
& Klepp, 2004; Taylor et al, 2005). 
Environmental factors included were 
availability of healthy and unhealthy 
products, family food rules and television 
viewing habits. The scale composition, 
scale items and response categories are 
represented in Table 2. 
The questionnaire was completed by all 
pupils during classes, under supervision of 
a teacher. The first part of the 
questionnaire dealt with availability of 
healthy and unhealthy food products in the 
home environment. A second part of the 
questionnaire asked for food rules 
according to unhealthy food products. Both 
availability of food products and food rules 
were rated on a four point scale from never 
to always. The number of hours exposed to 
commercial television was measured by 
asking for the number of hours pupils 
watch commercial television channels 
during a regular school day. The same 
question was repeated for the weekend 
days. An additional question asked for the 
frequency of eating while watching 
television, again a four point scale from 
never to always was used (see Table 2).  
Reliability and relative validity testing of 
the home environment questionnaire 
A separate study was executed to assess 
the reliability and relative validity of the 
environmental questionnaire for 
adolescents. Reliability and relative 
validity results are presented in Table 2. 

Twenty seven pupils randomly selected out 
of all seventh graders from ten different 
schools participated in the survey. Test-
retest reliability was analyzed by subjects 
completing the questionnaires twice within 
a 2-week interval. Single-measure 
intraclass correlation coefficients (ICC’s) 
were used as a measure of reliability. All 
test-retest reliability intraclass correlation 
(ICC) coefficients were significant and 
ranged between 0.78 and 0.89, indicating 
very good reliability. 
To test relative validity, all parents of 
participating pupils were contacted by 
telephone to verbally answer the same 
questionnaire as their child. Data from 
pupils’ questionnaires were then correlated 
(Spearman r) to data derived from 
telephone interviews with the parents. 
Validity coefficients significantly ranged 
between 0.53 and 0.72, indicating 
acceptable validity of the instrument. 
Food frequency questionnaires 
Fat intake was measured with a self-
administered questionnaire developed at 
the Ghent University together with the 
Flemish Institute for Public Health 
(Vandelanotte et al, 2004). The 
questionnaire was validated in a separate 
study and was found to be sufficiently 
reliable and valid as compared to a 7 day 
dietary record method (Vandelanotte et al, 
2004). The questionnaire consisted of 48 
items, representing all important sources of 
fat in the Belgian diet. Pupils were asked 
how often they consumed these products 
during a usual day, week or month. A 
coefficient was calculated, representing the 
fat content and portion size of each 
product. This coefficient was multiplied by 
the frequency of consumption, leading to a 
fat intake score for each food item. A 
validated food frequency questionnaire 
(Vereecken et al, 2003), adapted from the 
questionnaire used in the HBSC study 
(Health Behaviour in School-aged 
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Children), was used to assess fruit intake. 
The question for fruit intake was: ‘How 
many pieces of fresh fruit do you usually 
eat?’ A separate food frequency 
questionnaire was used to assess soft drink 
and water consumption. The questions 
asked for soft drink and water consumption 
were: ‘How many glasses of soft drinks do 
you drink during a regular school day’ and 
‘How many glasses of soft drink do you 
drink during a regular weekend day?’  
Demographics and psychosocial 
determinants 
Each of the food frequency questions 
ended with a three pages long survey 
asking for psychosocial determinants of 
healthy eating behaviours. Based on the 
social cognitive theory (Bandura, 1986) 
and the Theory of Planned behaviour 
(Ajzen, 1985) and previous research in 
adolescents (De Bourdeaudhuij, 2000), the 
following groups of determinants were 
included in the study: attitude (4 items), 
self-efficacy (2 items), social support (4 
items), perceived benefits (6 items), and 
perceived barriers (12 items). 
Attitudes towards the three different eating 
behaviours (a low fat diet, eating more 
fruit and drinking less soft drinks) were 
rated on a five point scale from “certainly 
not pleasant” (good/tasty/healthy) “to 
certainly pleasant” (good/tasty/healthy). 
Cronbach α’s ranged between 0.80 and 
0.87. To measure self-efficacy pupils were 
asked to rate on a five point scale how 
difficult it was to comply with the 
guidelines for each of the eating 
behaviours at home or at school. For these 
two items Cronbach α’s ranged between 
0.38 and 0.46. To measure social support, 
pupils were asked to rate on a five point 
scale how frequently significant others 
(parents, brothers and sisters, friends, 
teachers) supported the healthy eating 
behaviours. Cronbach α’s ranged between 
0.70 and 0. 75. For perceived benefits (e.g. 

health, taste, losing weight) and barriers 
(e.g. lack of time, not available, not 
accessible, expensive) a five point scale 
from totally disagree to totally agree was 
used. Cronbach α’s ranged between 0.76 
and 0.85 for perceived benefits and 
between 0.84 and 0.87 for perceived 
barriers. 
Demographic factors like birth date, 
gender, occupation of father and mother, 
number of computers at home, were 
assessed using a separate self-administered 
questionnaire. An estimate of social 
economical status of the family was 
obtained by classifying occupation of the 
father and mother into white and blue 
collar (Hollingshead, 1957).  
All questionnaires were filled out at 
school, during class hours under direct 
supervision of the teachers.  
Statistical analyses 
All analyses were conducted with SPSS 
12.0. Pearsons’ correlations were executed 
to investigate relations between 
environmental variables and food intake. 
Before running analyses all environmental 
variables with low (p>0.10) bivariate 
correlations with the specific dependent 
variable were omitted from further 
analyses. The alpha value op 0.10 was 
chosen rather than the more stringent 0.05 
because from a health promotion 
perspective, all variables that might have 
some influence on eating behaviours are 
reasonable to include in the regression 
analyses. To avoid multicollinearity, if 
environmental variables correlated highly 
with other environmental variables 
(r≥0.80), the variable with the lowest 
correlation with the dependent variable 
was also omitted from further analyses. In 
order to examine the contribution of 
environmental variables taking into 
account the effects of demographic and 
psychosocial predictors, hierarchical 
regression analyses were conducted with 
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fat intake, fruit intake and soft drink 
consumption as dependent variables in 
boys and girls separately. Age, SES, 
attitude, self-efficacy, social support, 
perceived benefits and perceived barriers 
were entered into the first block. Three 
dummy variables identifying the 4 
different schools were also entered into the 
first block of variables to take into account 
possible clustering within schools. 
Environmental variables (availability of 
healthy/unhealthy food products, food 
rules, and TV viewing habits) were entered 
into the second block. Values of p<0.05 
were considered as statistically significant. 
Values of p<0.09 were considered as 
trends. 
Results 
Fat intake 
Because of the low correlation with the 
dependent variable ‘fat intake’, the 
variables social support and availability of 
healthy products at home were omitted 
from further analyses in boys. For the same 
reason social support, self-efficacy and 
availability of healthy products at home 
were omitted from further analyses in girls. 
Hierarchical regression analyses on self-
reported fat intake, presented in Table 3, 
revealed that the entire model accounted 
for 19% of the variance in boys and 14% 
of the variance in girls.  In boys, 10% was 
predicted by the first block [F=2.2, 
p<0.05] and 10% by the second block 
[Fchange=7.1, p<0.001]. Boys who had 
better attitudes towards a low fat diet 
reported to have less fat in their diet (β=-
0.27, p<0.01). Adding the second block of 
variables revealed that boys with more 
unhealthy food products at home  were 
more likely to have more fat in their diet 
(β=0.27, p<0.001). There was a trend for 
boys who perceived less food rules related 
to unhealthy food products to eat more fat 
in their diet (β=0.14, p<0.09). In girls, 10% 
of the variance in fat intake was explained 

by the first block [F=4.4, p<0.001] and 4% 
by the second block [Fchange=4.5, p<0.01]. 
Girls with better attitudes towards a diet 
with less fat (β=-0.16, p<0.01) and who 
perceived more benefits of eating less fat 
(β=-0.16, p<0.01), were more likely to eat 
less fat. Girls with better television 
viewing habits (β=0.15, p<0.01) were more 
likely to have a diet with less fat. 
Soft drink consumption 
Because of the low correlation with the 
dependent variable ‘soft drink 
consumption’ the variable “availability of 
healthy products at home” was omitted 
from further analyses in boys. For the same 
reason social support, availability of 
unhealthy products at home and TV 
viewing habits were omitted from further 
analyses in girls. 
Hierarchical regression analyses on self-
reported soft drink consumption, presented 
in Table 4, revealed that the entire model 
accounted for 22% of the variance in boys 
and 7% of the variance in girls.  In boys, 
13% was predicted by the first block 
[F=3.0, p<0.01] and 9% by the second 
block [Fchange=6.8, p<0.001]. Within the 
first block both higher SES (β=-0.18, 
p<0.01) and more perceived benefits (β=-
0.17, p<0.01) were negatively related to 
soft drink consumption in boys. Adding the 
second block of variables revealed that 
boys who reported to have more unhealthy 
food products at home (β=0.20, p<0.01) 
and to have worse television viewing 
habits (β=0.14, p<0.09) were more likely 
to consume more soft drinks. In girls, 6% 
of the variance in soft drink consumption 
was explained by the first block [F=2.5, 
p<0.05] and 1% by the second block 
[Fchange=1.3, n.s.]. There were no variables 
of the first and second block that 
significantly explained variance in soft 
drink consumption in girls. 
Fruit intake 
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Table 3. Hierarchical regression of the home environment on self-reported fat intake 

(grams/day) in boys and girls. 

Boys R2 R2
change Fchange  

Block 1-Model 1 0.10 0.10 2.2* Beta 1 (95% CI) 

      SES    -0.05 (-16.89, 8.82) 

      Age    -0.03 (-13.09, 9.23) 

      Attitude    -0.27† (-35.46, -7.91) 

      Self-efficacy    -0.10 (-14.75, 3.14) 

      Perceived benefits    -0.01 (-7.52, 7.21) 

      Perceived barriers    -0.01 (-10.71, 9.44) 

Block 2-Model 2 0.19 0.10 7.1‡ Beta 2 

      Availability of unhealthy products    0.27‡ (8.22, 29.39) 

      Food rules    0.14(*) (-0.82, 17.48) 

      Advertising    -0.05 (-8.15, 3.82) 

Girls R2 R2
change Fchange  

Block 1-Model 1 0.10 0.10 4.4‡ Beta 1 

      SES    -0.05 (-11.76, 4.12) 

      Age    -0.04 (-8.85, 3.98) 

      Attitude    -0.16† (-17.55, -2.67) 

      Perceived benefits    -0.16† (-11.73, -2.22) 

      Perceived barriers    0.10 (-0.88, 10.41) 

Block 2-Model 2 0.14 0.04 4.5† Beta 2 

      Availability of unhealthy products    0.08 (-1.49, 10.94) 

      Food rules    0.05 (-3.04, 7.75) 

      Advertising    0.15† (1.43, 8.97) 
(*) p<0.09, *p<0.05, †p<0.01, ‡p<0.001 
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Table 4. Hierarchical regression of the home environment on self-reported soft drink 

consumption (glasses/day) in boys and girls. 

Boys R2 R2
change Fchange  

Block 1-Model 1 0.13 0.13 3.0† Beta 1 

      SES    -0.18† (-1.64, -0.18) 

      Age    -0.09 (-0.98, 0.23) 

      Attitude    -0.13 (-1.15, 0.18) 

      Self-efficacy    -0.02 (-0.52, 0.42) 

      Perceived benefits    -0.17* (-1.01, -0.05) 

      Perceived barriers    0.10 (-0.26, 1.06) 

Block 2-Model 2 0.22 0.09 6.8‡ Beta 2 

      Availability of unhealthy products    0.20† (0.20, 1.41) 

      Food rules    0.12 (-0.13, 0.93) 

      Advertising    0.14(*)(-0.02, 0.70) 

Girls R2 R2
change Fchange  

Block 1-Model 1 0.06 0.06 2.5* Beta 1 

      SES    -0.01 (-0.52, 0.46) 

      Age    0.06 (-0.18, 0.61) 

      Attitude    -0.12 (-0.82, 0.08) 

      Self-efficacy    -0.01 (-0.37, 0.31) 

      Perceived benefits    -0.04 (-0.45, 0.23) 

      Perceived barriers    0.09 (-0.15, 0.75) 

Block 2-Model 2 0.07 0.01 1.3 Beta 2 

      Availability of healthy products    -0.01 (-1.18, 0.22) 

      Food rules    0.05 (-0.22, 0.44) 
(*) p<0.09, *p<0.05, †p<0.01, ‡p<0.001    
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Because of the low correlation with the 
dependent variable ‘fruit intake’ the 
variable social support was omitted from 
further analyses in boys. For the same 
reason social support and perceived 
benefits were omitted from further 
analyses in girls. 
Hierarchical regression analyses on self-
reported fruit intake, presented in Table 5, 
revealed that the entire model accounted 
for 47% of the variance in boys and 41% 
of the variance in girls.  In boys, 42% was 
predicted by the first block [F=14.7, 
p<0.001] and 5% by the second block 
[Fchange=4.2, p<0.01]. Boys who had better 
attitudes (β=0.18, p<0.05) and higher 
levels of self-efficacy (β=0.48, p<0.001) 
were more likely to consume more fruits. 
Adding the second block of variables 
revealed that boys who reported to have 
worse television viewing habits (β=-0.22, 
p<0.001) consumed less fruits. In girls, 
35% of the variance in fruit intake was 
explained by the first block [F=21.0, 
p<0.001] and 6% by the second block 
[Fchange=8.4, p<0.001]. Girls who reported 
better attitudes (β=0.20, p<0.001), higher 
levels of self-efficacy (β=0.37, p<0.001) 
and less barriers (β=-0.13, p<0.01) were 
more likely to consume more fruits. 
Adding the second block of variables 
revealed that girls who reported to have 
more healthy food products at home 
(β=0.12, p<0.01) and to have better 
television viewing habits (β=-0.10, p<0.05) 
were more likely to consume more fruit. 
Girls who perceived less food rules related 
to unhealthy food products (β=-0.16, 
p<0.001) were more likely to eat less fruit. 
Discussion 
For the present study a questionnaire was 
developed to measure four potential home 
environmental factors, namely availability 
of healthy and unhealthy food products, 
food rules and television viewing habits. 
Although more objective measurements 

may be recommended, questionnaires can 
be good instruments for measuring the 
perceived environment in larger samples of 
adolescents. The questionnaire used in the 
present study was a valid and reliable tool 
for measuring the environmental factors 
availability, food rules and television 
viewing habits in Flemish adolescents. 
However, a valid and reliable 
questionnaire to measure the overall family 
food environment including more factors 
such as parental support, parental intake, 
parental style and amount of family 
dinners should be developed in the future. 
The main purpose of the present study was 
to investigate the variance in fat, soft drink 
and fruit consumption explained by home-
environmental factors. In line with findings 
from another study (Lien et al, 2002) both 
psychosocial and environmental variables 
contributed to the variance in eating 
behaviours.  
Literature revealed that there is a lack of 
studies investigating environmental 
correlates of adolescents’ fat intake. The 
environmental correlates included in the 
present study explained 10% of the 
variance in fat intake in boys and 4% in 
girls. In boys, lack of family food rules and 
higher availability of unhealthy food 
products at home were both associated 
with higher fat intake. In a recently 
conducted study in American adolescents, 
household eating rules related to healthful 
foods were inversely related to dietary fat 
intake in boys, while no association was 
found for food rules related to unhealthy 
products (Zabinski et al, 2006). Future 
research should investigate, if interventions 
that change family food rules and 
availability of unhealthy food products are 
effective in decreasing fat intake in 
Flemish boys. In girls other than in boys, 
having worse television viewing habits was 
the only environmental factor associated 
with higher levels of fat intake. These 
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Table 5. Hierarchical regression of the home environment on self-reported fruit intake 

(pieces/day) in boys and girls. 

Boys R2 R2
change Fchange  

Block 1-Model 1 0.42 0.42 14.7‡ Beta 1 

      SES    0.10 (-0.18, 2.32) 

      Age    0.01 (-1.05, 1.05) 

      Attitude    0.18* (0.27, 2.71) 

      Self-efficacy    0.48‡ (1.61, 2.87) 

      Perceived benefits    0.06 (-0.40, 1.15) 

      Perceived barriers    -0.05 (-1.40, 0.63) 

Block 2-Model 2 0.47 0.05 4.2† Beta 2 

      Availability of healthy products    0.01 (-1.80, 1.94) 

      Availability of unhealthy products    -0.10 (-0.30, 1.78) 

      Food rules    0.10 (-1.60, 0.25) 

      Advertising    -0.22‡ (-1.69, -0.46) 

Girls R2 R2
change Fchange  

Block 1-Model 1 0.35 0.35 21.0‡ Beta 1 

      SES    0.11* (0.22, 2.22) 

      Age    -0.04 (-1.16, 0.45) 

      Attitude    0.20‡ (0.91, 2.83) 

      Self-efficacy    0.37‡ (1.33, 2.34) 

      Perceived barriers    -0.13† (-2.11, -0.27) 

Block 2-Model 2 0.41 0.06 8.4‡ Beta 2 

      Availability of healthy products    0.12† (0.31, 3.12) 

      Availability of unhealthy products    -0.02 (-0.92, 0.66) 

      Food rules    -0.16‡ (-1.81, -0.46) 

     Advertising    -0.10* (-0.97, -0.06) 
(*) p<0.09, *p<0.05, †p<0.01, ‡p<0.001    

 

 



Chapter 1.2                       Original Research. 

 

81 

findings in girls are in line with findings 
from other studies that revealed that energy 
intake (Van den Bulck & Van Mierlo, 
2004) and percentage of energy from fat 
(Befort et al, 2006) increased if time spent 
in commercial television watching 
increased.  
There is a lack of studies investigating 
influencing factors for soft drink 
consumption, although such studies are 
required to effectively target the high soft 
drink consumption in Flemish adolescents. 
In boys, 9% of the variance in soft drink 
consumption was explained by family 
environmental factors. Increased 
availability of unhealthy food products and 
bad television habits were associated with 
higher soft drink consumption in boys. 
While watching television, boys are 
probably more exposed to advertisements 
promoting unhealthy food items such as 
soft drinks (Hastings et al, 2003) and are 
possibly consuming more soft drinks (Van 
den Bulck & Van Mierlo, 2004). Further 
research should investigate the effect of 
interventions aimed at decreasing 
availability of soft drinks at home and 
improving television viewing habits in 
boys. In girls, none of the psychosocial or 
family-related factors were associated with 
soft drink consumption; the entire model 
explained only 6% of the variance in soft 
drink consumption. To effectively target 
soft drink consumption in girls, further 
research that explores new models 
including other possible influencing 
environmental factors such as school 
related factors is required. One study in 
Flemish secondary schools already 
revealed that pupils were more likely to 
consume soft drinks every day, if soft 
drinks are available at school and if there 
are no school rules regarding soft drink 
consumption (Vereecken et al, 2005).  
The psychosocial-environmental model 
explained most of the variance in fruit 

intake in both boys (47%) and girls (42%). 
In most previous conducted studies 
explained variances of less than 30% were 
found (Baranowski et al, 1999; Neumark-
Sztainer et al, 2003). Differences in results 
can be caused by differences in measures 
and analyzing methods. In the study of 
Neumark-Sztainer and colleagues (2003) 
self-efficacy, which was the strongest 
predictor for fruit intake in both boys and 
girls in the present study, was not included 
in the model. Furthermore, in the present 
study behaviour specific measures of 
psychosocial determinants were used. It is 
also possible that attitudes, social support, 
self-efficacy, barriers and benefits vary 
across different eating behaviours and that 
the behaviour specific measurements 
resulted in the larger amount of variance 
explained. In line with our finding in 
adolescents, Wind en colleagues (2006) 
also found that a large amount of the 
variance (34%) in fruit intake was 
explained by a comprehensive model of 
demographic, psychosocial and 
environmental factors in Belgian en Dutch 
elementary school children.  
Having worse television viewing habits 
was the only environmental factor 
associated with lower fruit intakes in both 
boys and girls. Most studies have 
documented the negative influence of 
television viewing on intake of unhealthy 
eating products (Hastings, 2003; Van den 
Bulck & Van Mierlo, 2004; Befort et al, 
2006), the relationship with fruit intake 
was not so often investigated. However, 
data from the Health Behaviour in School 
Aged Children (HBSC) study also showed 
that increased television viewing time was 
associated with lower fruit intakes in 
adolescents of nineteen different countries 
(Vereecken, et al, 2006). In girls, 
decreased availability of healthy products 
and lack of food rules related to unhealthy 
products were further related to lower 
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levels of fruit intake. It is possible that the 
importance of availability of healthy 
products was tied to the relationship 
between perceived barriers and fruit intake 
among girls. When fruit is less often 
available at home, adolescents may 
perceive more barriers to eat fruit and may 
consume less fruit. In support of our 
findings in girls, Neumark-Sztainer and 
colleagues (2003) also found that fruit 
intake was associated with home 
availability of fruit. The gender differences 
related to the influence of home 
availability of fruit are in line with findings 
from another study in adolescents (Hanson 
et al, 2005) where fruit availability at home 
was a predictor of fruit intake in adolescent 
girls, but not in boys. In contrast to our 
findings related to family food rules, two 
other research groups found no relationship 
between adolescents’ autonomy (Videon et 
al, 2003) or family food rules (Zabinski et 
al, 2006) and fruit intake. 
The results of this study demonstrated the 
complexity of home environmental 
influences on eating behaviours, given that 
different environmental factors were 
related to different eating behaviours and 
that correlates were different in boys and 
girls. From the results it appeared that 
gender might be an important factor to 
consider when designing healthy eating 
interventions. Setting rules according to 
unhealthy products and improving 
television viewing habits may be effective 
for both genders. For changing boys’ 
eating behaviours decreasing availability 
of unhealthy products may be effective, 
whereas for girls increasing availability of 
healthy products seems more important. In 
the present study food rules related to 
healthy food products were not measured. 
However, results from a recently 
conducted study (Zabinski et al, 2006) 
suggest that household eating rules related 

to healthful foods might also be important 
to consider for adolescents. 
Although both psychosocial and 
environmental variables contributed to the 
explained variance in eating behaviours, 
most of the variance was explained by 
demographic-psychosocial factors. 
However, the variance explained by 
environmental factors could have been 
underestimated, since any shared variance 
between demographic-psychosocial and 
environmental variables was assigned to 
the first block of demographic and 
psychosocial variables in the hierarchical 
regression. 
Several limitations of the present study 
need to be addressed. Conclusions in the 
present study were based on self-reported 
measures of environmental factors and 
eating behaviours and although validated 
questionnaires were used, this can be seen 
as a limitation of the study. To better 
understand the relationship between the 
family environment and eating behaviours 
in adolescents, it is essential to develop 
and use objective environmental measures. 
Furthermore, given the cross-sectional 
design of the present study, no causal 
conclusions can be drawn. Although cross-
sectional studies are necessary to 
understand the relation between the 
environment and eating behaviours in 
adolescents, prospective studies are 
needed.  
The influence of parents on adolescents’ 
eating behaviours is often questioned, 
given the increased autonomy and 
independency associated with this age. 
However, our findings suggest that parents 
can play an important role in influencing 
adolescents’ eating behaviours. Although 
the family environment is not limited to the 
correlates investigated in the present study, 
the investigated correlates can be useful for 
generating hypothesis to be tested in future 
studies. However, the home environment is 
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just one part of the broader environment in 
which adolescents live. Other important 
environmental influences for adolescents 
positioned outside the home such as the 
influences from peers, schools, 
neighbourhoods and media need to be 
explored in future research. Prospective 
studies are needed, to determine causal 
relationships between the change in 
environmental factors and the change in 
eating behaviours in adolescents. 
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The contribution of home and school environmental factors in explaining physical 
activity in adolescents. 
 
Summary 
The purpose of the present study was to investigate how different types of physical activity 
are influenced by home and school-related environmental factors. Four middle schools were 
randomly selected, resulting in a sample of 589 7th and 8th graders. A validated questionnaire 
was used to measure physical activity in the total sample and accelerometers were used in a 
sub sample. The questionnaire developed to measure the physical environment was found to 
be valid (0.46<r<0.95). Hierarchical regression analyses on different types of physical 
activity, with demographic and psychosocial variables entered as the first and environmental 
factors as the second block were conducted in boys and girls separately. The entire model 
accounted for 38% of the variance in self-reported total physical activity in boys and 23% in 
girls. The environmental factors accounted for 5% (p<0.001) of the variance in boys and 1% 
in girls (p<0.05). The frequency of physical activities organized at school was a significant 
predictor in both boys (β=0.15, p<0.01) and girls (β=0.10, p<0.05). The availability of sports 
equipment at home was a significant predictor in boys (β=0.17, p<0.01).  
The variance in participation in extracurricular physical activities was significantly explained 
by frequency of extra physical activities organized at school in boys (β=0.23, p<0.001) and by 
frequency of supervision in girls (β=0.22, p<0.001). In both genders, distance to facilities 
showed a trend for significance in explaining the variance in MVPA (β=0.19, p<0.10). It can 
be concluded that different environmental factors are related to different types of physical 
activity. In general environmental factors explained more variance in boys than in girls. 
Further research is needed to evaluate whether targeting the physical activity environment 
might be more effective in increasing physical activity in boys than in girls. 
 
Keywords: Environment, Exercise, Association, Adolescent 
 

Introduction 
Regular physical activity is associated with 
enhanced health in adolescents (Biddle et 
al., 2004). Adolescents should engage in 
physical activity of moderate to vigorous 
intensity (MVPA) for at least 60 minutes 
and up to several hours daily (Strong et al., 
2005) . Adolescence is identified as the age 
of great declines in physical activity 
(Biddle et al., 2004; Sallis, 2000) and 
promoting physical activity in adolescents 
has become a public health priority.  
Hence, there is an urgent need for effective 
interventions aimed at increasing physical 
activity in adolescents (Sallis, 2000). 
However, to effectively promote physical 
activity it is necessary to understand 

factors that influence adolescents’ physical 
activity.  
Social ecological theories (Green et al., 
1996) suggest that demographic, social and 
environmental factors play an important 
role in determining physical activity. 
Demographic and psychosocial correlates 
of adolescents’ physical activity levels 
have been studied previously in 
adolescents (Green et al., 1996; Sallis et 
al., 2000). Studies focusing on getting a 
more comprehensive view on 
environmental correlates of physical 
activity were mostly conducted in adults 
(De Bourdeaudhuij et al.,2003; Humpel et 
al.,2002; Saelens et al.,2003). However, 
more recently some studies were also 
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conducted in adolescents (Fein et al.,2004; 
Jago et al.,2005; Molnar et al.,2004; Sallis 
et al., 2001). The environmental factor 
‘availability of opportunities to exercise’ 
was consistently found to be associated 
with physical activity in adolescents in 
previous research (Sallis et al., 2000). As 
adolescents spend high amounts of time at 
school, the school is an environment 
important to investigate in adolescents. 
Previous research (Sallis et al., 2003) in 
American middle schools pointed out that 
the objectively-measured school 
environment (area type, area size, 
supervision, equipment, improvements) 
explains the largest amounts of variance in 
the number of boys and girls engaging in 
MVPA at school (Sallis et al., 2003). 
Results also indicated that the frequency of 
organized activities at school was a 
significant predictor in boys. Boys were 
most active on outdoor courts with high 
levels of supervision or when both 
equipment and supervision were provided. 
Both boys and girls were more active when 
schools had improvements (e.g. basketball 
hoops, volleyball nets, tennis courts) and 
high levels of supervision.  
Next to the school, the home and 
neighbourhood are environmental factors 
possibly influencing adolescents’ physical 
activity. One Canadian study (Fein et al., 
2004) found that availability of home, 
neighbourhood and school resources 
significantly explained 5% of the variance 
in energy expenditure, but this relationship 
was no longer significant when controlling 
for demographic and psychosocial 
variables. Another study investigated 
associations between activity levels of 
adolescents and access to safe recreation 
areas (Molnar et al., 2003).  Lower 
neighbourhood safety was associated with 
lower levels of leisure time physical 
activity. One study using objective 
measures of both neighbourhood and 

physical activity found that only one 
environmental factor, namely 
characteristics of sidewalks, was associated 
with light-intensity physical activities in 
adolescent boys. In that study no 
environmental correlates of MVPA were 
found (Jago et al., 2003).  
The few studies investigating adolescents’ 
environmental correlates of physical 
activity have been conducted in the United 
States (US) and there is a lack of studies 
investigating environmental correlates in 
European countries. Previous research 
suggested that associations between 
environmental factors and health 
behaviours are more pronounced in the US 
than in other countries (Cummins et al., 
2006), limiting the external validity of US 
studies. In addition, few previous studies 
have investigated the combination of 
individual and environmental factors in 
explaining physical activity in adolescents.  
Therefore, the present study aimed at 
investigating the variance in total physical 
activity, time spent in extracurricular 
physical activities and MVPA explained by 
home and school-related environmental 
factors, above and beyond the effects of 
demographic and psychosocial variables. A 
second purpose was to study the reliability 
and validity of the age-specific 
questionnaire developed to measure the 
physical environment in Flemish 
adolescents. 
Participants 
Participants were recruited from four 
randomly selected middle schools in West-
Flanders (Belgium). Parents of all students 
in seventh and eight grade (n=667) 
received an informed consent letter in 
which authorization was enquired for their 
child to complete measurements. Parents 
of 634 (95%) adolescents gave permission 
for their child to participate in this study. 
Of those adolescents 589 completed all 
questionnaires; data of 45 adolescents were 
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missing due to absence at day of 
measurements or questionnaires filled out 
inaccurately, yielding in a final response 
rate of 88%. Table 1 presents the baseline 
characteristics of the sample. From each of 
the four schools, one class of seventh 
graders was randomly selected for more in 
depth measurement of physical activity 
with accelerometers. This resulted in a sub-
sample of 62 adolescents. The Study 
protocol was approved by the Ethical 
Committee of the Ghent University.  
Measures 
Measures took place in June 2004.  
Questionnaire for the home environment 
related to physical activity 
To measure potential environmental 
correlates of physical activity in 
adolescents, a modified version of a 
questionnaire validated in adults was used 

(De Bourdeaudhuij et al., 2003). The scale 
composition, scale items and response 
categories are represented in Table 1. The 

questionnaire was completed by all 
students during classes, under supervision 
of a teacher. The first part of the 
questionnaire asked for convenience of six 
places where adolescents like to come. 
Convenience was rated on a five-point 
scale from “1-5 minutes” away from home 
to “more than 30 minutes” away from 
home. A second part of the questionnaire 
asked for safety for active transportation 
from home to school. Adolescents had to 
rate on a four-point scale (from totally 
agree to totally disagree) if most of the 
roads from home to school had sidewalks, 
bicycle paths, zebra crossings and traffic 
lights. To measure residential density of 
the home environment adolescents rated on 
a three-point scale (none-some-much) how 
many detached single-family residences, 
row houses and apartments were there in 
their home neighbourhood. The number of 
TV, computers and play stations was 
questioned to get a measure of the 

Table 1. Descriptive characteristics (% or means and standard deviations) for the total 

sample of boys and girls 

 Total sample Boys Girls 

(n) (589) (199) (390) 

Age (years) 12.8 + 0.7 12.8 + 0.6 12.8 + 0.7 

% high SES 49.2 + 50.0 55.6 + 49.9 46.4 + 49.9 

Attitude1 4.1 + 0.6 4.2 + 0.6 4.1 + 0.6 

Self-efficacy1 3.6 + 0.8 3.8 + 0.7 3.5 + 0.8 

Social support1 2.2 + 0.9 2.3 + 0.9 2.2 + 0.9 

Perceived benefits1 3.5 + 0.7 3.6 + 0.7 3.5 + 0.7 

Perceived barriers1 2.0 + 0.6 1.9 + 0.7 2.0 + 0.6 

Total Physical Activity (min/day) 82.9 + 44.0 94.0 + 47.3 77.3 + 41.2 

Extracurricular Physical Activity (min/day) 4.3 + 8.6 7.6 + 10.8 2.6 + 6.7 

(n) (66) (12) (44) 

MVPA (min/day) 17.3 + 13.3 29.2 + 14.8 14.7 + 11.4 
1 On a scale from 1-5, from negative to positive   
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availability of sedentary equipment at 
home. The availability of physical activity 
equipment (13 items) was also questioned 
(see Table 1).  
Reliability and Validity testing of the home 
environment questionnaire 
A separate study was executed to assess 
reliability and validity of the 
environmental questionnaire for 
adolescents. Twenty seven seventh graders 
were randomly selected out of ten different 
schools. Test-retest reliability was 
analyzed by subjects completing 
questionnaires twice within a 2-week 
interval. To test validity, parents of 
participating students were contacted by 
telephone to verbally answer the same 
questionnaire as their child. Data from 
students’ questionnaires were then 
correlated to data derived from telephone 
interviews with parents. Reliability and 
validity results are presented in Table 1. 
All test-retest reliability intraclass 
correlation (ICC) coefficients were 
significant. The lowest ICC was found for 
residential density (0.49), for all other 
indexes ICC’s ranged between 0.63 and 
0.95. Validity coefficients significantly 
ranged between 0.46 and 0.95. 
The physical activity related school 
environment 
A questionnaire for measuring the school 
environment related to physical activity 
was completed by one teacher at each 
school. The frequency of providing access 
to sports rooms and sports materials, of 
providing supervision and of organizing 
extra physical activities during breaks and 
after school hours was measured with a 
three-point scale (daily-weekly-never). 
Physical activity Questionnaire 
Physical activity levels were determined 
using the Flemish Physical Activity 
Questionnaire (FPAQ).  Data on 
demographics like gender, birth date and 
occupation of father and mother were 

collected in the first part of the 
questionnaire. An estimate of higher and 
lower social economic status (SES) was 
obtained by classifying occupation of 
father and mother into white and blue 
collar (Hollingshead, 1957). Students were 
on average 12.7 (+ 0.7) years old, 62% 
were girls and 49% had high SES. 
A “total physical activity index” was 
assessed by adding up time spent in active 
transportation and time spent in sports. To 
assess an index of “active transportation” 
minutes spent in active transportation to 
school and in leisure time were added up. 
An index for “sports participation” was 
created by adding up time spent in sports at 
school and time spent in leisure time 
sports. In a third part of the questionnaire 
psychosocial determinants were assessed. 
Based on the Social Cognitive Theory 
(Bandura, 1986) measures of students’ 
attitudes (4 items), self-efficacy (3 items), 
social support (4 items), benefits (8 items) 
and barriers (11 items) related to physical 
activity were included in the questionnaire.  
In a separate study moderate to high 
reliability of the indexes derived from the 
FPAQ were reported. For all physical 
activity indexes test-retest ICC’s exceeded 
0.70. To obtain validity measures, data 
from questionnaires were correlated to data 
derived from accelerometers. Pearson 
correlations were significant and ranged 
between 0.43 and 0.79, indicating 
acceptable validity of the instrument 
(Philippaerts et al., 2006). For measures of 
psychosocial determinants test-retest ICC’s 
significantly ranged between 0.61 and 
0.90. Accelerometers 
Physical activity levels were also assessed 
by accelerometers (model 7164, Computer 
Science Application, Inc., Shalimar, FL) in 
the sub-sample of 62 adolescents.
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Accelerometers are valid and reliable tools 
for assessment of physical activity in 
adolescents (Puyau et al., 2002; Trost et 
al., 1998). Adolescents were imposed to 
wear the accelerometer during six days 
above the right hipbone, underneath the 
clothes. Accelerometers were set to 
measure activity counts in epoch times of 
one minute. Most recently published 
studies support cut-offs around 3000-3500 
for MVPA (Puyau et al., 2002; Ward et al., 
2005). In the present study the cut-off 
point for MVPA was > 3200 counts per 
minute (Puyau et al., 2002). 
Statistical analyses 
All analyses were conducted with SPSS 
12.0. Pearson’s correlations were executed 
to investigate relationships between 
environmental and physical activity 
indexes. Environmental variables with low 
(p>0.10) bivariate correlations with the 
specific dependent variable were omitted 
from further analyses. The alpha value of 
0.10 was chosen rather than the more 
stringent 0.05, because from a health 
promotion perspective, variables that might 
have some influence are reasonable to 
include in the regression analyses. To 
avoid multicollinearity, if environmental 
variables correlated highly with other 
environmental variables (r≥0.80), the 
variable with the lowest correlation with 
the dependent variable was also omitted 
from further analyses. In order to examine 
the contribution of environmental variables 
taking into account the effects of more 
common predictors, hierarchical regression 
analyses were conducted with self-reported 
total physical activity and extracurricular 
physical activity at school as dependent 
variables. Because previous studies 
showed gender differences in types of 
correlates, physical activity and 
intervention effects, analyses were 
conducted in boys and girls separately. 

Age, SES, attitude, self-efficacy, social 
support, perceived benefits and barriers 
were entered into the first block. The home 
(convenience of facilities, safety roads, 
density, sedentary and sports equipment) 
and school (frequency of extra physical 
activities, of opening sports 
accommodation, of making sports 
materials available) related environmental 
variables were entered into the second 
block for analyses on total physical 
activity. For analyses on extracurricular 
physical activity at school, only school 
related environmental variables were 
entered into the second block. Hierarchical 

regression analyses were then repeated in 
the same way on MVPA measured with 
accelerometers. However, due to the small 
sample size (n=62) analyses were 
conducted in boys and girls together.  
P<0.05 was considered as statistically 
significant. P<0.10 was considered as a 
trend. 
Results 
Self-reported physical activity 
Hierarchical regression analyses on self-
reported total physical activity are 
presented in Table 2. In boys, 33% was 
predicted by the first block [F=18.9, 

Table 3. Hierarchical regression of the physical school environment on 

self-reported participation in extracurricular physical activities at school 

Boys  R2 R2
change Fchange  

Block 1-Model 1 0.13  0.13  9.5‡ Beta 1 

      SES    0.05  

      Age    -0.05  

      Self-efficacy    0.29‡ 

      Perceived benefits    0.12(*)  

Block 2-Model 2 0.18  0.05  15.2‡ Beta 2 

      Extra physical activities    0.23‡  

Girls R2 R2
change Fchange  

Block 1-Model 1 0.06 0.06 5.4‡ Beta 1 

      SES    0.04 

      Age    -0.04 

      Self-efficacy    0.15† 

      Social support    0.12* 

      Perceived barriers    -0.11(*) 

Block 2-Model 2 0.11  0.05 19.5‡ Beta 2 

      Supervision    0.22‡ 
(*) p<0.09,*p<0.05, †p<0.01, ‡p<0.001 
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p<0.001] and 5% by the second block 
[Fchange=7.6, p<0.001]. Adding the second 
block of variables revealed that availability 
of sports equipment at home (β=0.17, 
p<0.01) and frequency of extra physical 

activities offered at school (β=0.15, 
p<0.01) were significant predictors of total 
physical activity in boys. In girls, 22% of 
the variance in total physical activity was 
explained by the first block [F=22.2, 
p<0.001] and 1% by the second block 
[Fchange 5.0= p<0.05]. In girls, frequency of 
extra physical activities offered at school 
was the only variable of the second block 
that significantly explained variance in 
total physical activity (β=0.10, p<0.05). 
Hierarchical regression analyses on 
participation in extracurricular physical 
activities are presented in Table 3. In boys, 
the first block accounted for 13% of the 
variance [F=9.5, p<0.001] and the second 
block for 5% [Fchange=15.2, p<0.001]. The 
frequency of extra physical activities 
offered at school (β=0.23, p<0.001) was 
the only significant predictor within the 
second block. In girls 6% of the variance in 
extracurricular physical activities was 

predicted by the first block [F =5.4, 
p<0.001] and the second block accounted 
for 5% [Fchange=19.5, p<0.001]. Frequency 
of supervision was the only significant 
predictor in girls (β=0.22, p<0.001).  
MVPA measured with accelerometers 
Hierarchical regression analyses on MVPA 
are presented in Table 4. The first block 
accounted for 30% of the variance in 
MVPA [F=12.7, p<0.001]. The second 
block accounted for 4% of the variance in 
MVPA [Fchange=2.9, p<0.09]. For 
convenience of facilities, a trend for 
significance was found to predict 
adolescents’ participation in MVPA 
(β=0.19, p<0.10).  
Discussion 
One aim of the present study was to 
investigate reliability and validity of an 
age-specific questionnaire developed to 
measure the physical environment in 
Flemish adolescents. Although more 
objective measurements may be 
recommended for measuring the built 
environment, questionnaires can be good 
instruments for measuring the perceived 
physical activity environment in larger 
samples of adolescents. To our knowledge 
there is a lack of studies reporting on 
reliability and validity of questionnaires for 
measuring the perceived physical 
environment in adolescents. The 
questionnaire used in the present study was 
found to be a valid and reliable tool for 
measuring adolescents’ physical activity 
environment. However, ICC for residential 
density was rather low. In Flanders 
(Belgium) most people live in mixed 
neighbourhoods. Hence, ratings could have 
differed according to the definition of 
neighbourhood used. Therefore in future 
research more precise definitions of 
neighbourhood could be needed (e.g. 
within 1km). In addition further research is 
necessary to test validity and reliability of 

Table 2. Hierarchical regression of the physical home and school 

environment on self-reported total physical activity levels  

Boys R2 R2
change Fchange  

Block 1-Model 1 0.33 0.33 18.9‡ Beta 1 

     SES    0.06 

     Age    -0.07 

     Attitude    0.24† 

     Self-efficacy    0.26‡ 

     Perceived benefits    0.19† 

Block 2-Model 2 0.38  0.05  7.6‡ Beta 2 

Home     

     PA equipment     0.17† 

School     

     Extra physical activities    0.15† 

Girls R2 R2
change Fchange  

Block 1-Model 1 0.22 0.22 22.2‡ Beta 1 

     SES    0.03 

     Age    0.01 

     Attitude    0.15† 

     Self-efficacy    0.30‡ 

     Perceived benefits    0.14† 

Block 2-Model 2 0.23 0.01 5.0* Beta 2 

School     

Extra physical activities    0.10* 
p<0.05, †p<0.01, ‡p<0.001 
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more comprehensive environmental 
questionnaires in adolescents. 
The main purpose of the present study was 
to investigate variance in physical activity 
explained by home and school-related 
environmental factors. It was found that 
environmental variables contributed to the 
variance in physical activity, even when 
adjusting for demographic and 
psychosocial variables.  In a study using 
similar statistical analyses, significant 
relationships between availability of 
resources and physical activity were also 
found, but in contrast to our findings this 
relationship disappeared when controlling 
for more common predictors (Fein et al., 
2004).  
In the present study, different 
environmental factors were related to 
different types of physical activity and 
influencing environmental factors were 
different in boys and girls. In boys, 
physical activity equipment at home was a 
significant predictor of total physical 
activity. These results are in line with 
findings from a study in Flemish adult 
males (De Bourdeaudhuij et al., 2005), 
where the availability of physical activity 
equipment at home was the most important 
environmental correlate of moderate and 
vigorous physical activity. In boys, the 
frequency of physical activities organized 
at school was also related to total physical 
activity. These findings are in line with 
findings from environmental intervention 

studies, in which offering extra physical 
activities at school was an effective 
strategy for increasing boys’ physical 
activity (Sallis et al., 2003, Simon et al., 
2004). Also in girls, the frequency of extra 
physical activities organized at school was 
related to total physical activity. However, 
this was the only significant environmental 
correlate and it explained only 1 % of the 
variance in total physical activity. It is not 
clear why environmental factors were more 
important in explaining total physical 
activity in boys. Further research is needed 
to evaluate whether targeting the school- 
and home physical activity related 
environment might be more effective in 
increasing physical activity levels in 
adolescent boys than in girls.  
The school environment has been 
previously recognized as a possible 
influencing factor of physical activity 
during the school day (Sallis et al., 2001). 
Results from the present study suggest that 
strategies to increase participation in 
extracurricular physical activities at school 
should focus on increasing the frequency 
of offering physical activities in boys and 
increasing the frequency of supervision in 
girls. In girls almost half of the 10% 
variance in participation in extracurricular 
physical activities was explained by 
frequency of supervision. In line with our 
findings, Sallis and colleagues (Sallis et 
al., 2001) found that the frequency of 
organizing activities was a predictor of 
participation in MVPA during the school 
day in boys, but not in girls. However, in 
the same study (Sallis et al., 2001) 
supervision was a significant predictor for 
both boys and girls, whereas in our study 
supervision was only significant in girls. 
Participation in MVPA is essential for 
improved health. To our knowledge, there 
are no studies exploring the relation 
between convenience of facilities where 
adolescents like to come and objectively 

Table 4. Hierarchical regression of the physical home 

and school environment on MVPA 

MVPA R2 R2
change Fchange Beta 1 

Block 1-Model 1 0.30 0.30 12.7‡  

Gender    -0.41‡ 

Perceived benefits    0.32† 

 R2 R2
change Fchange Beta 2 

Block 2-Model 2 0.34 0.04 2.9(*)  

Home     

Immediacy    0.19(*) 
(*) p<0.09, †p<0.01, ‡p<0.001 
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measured MVPA. In contrast to the 
expectations, results of the present study 
seemed to indicate that participation in 
MVPA was higher in students living 
further away from facilities where 
adolescents like to come. In line with the 
findings from Jago and colleagues (Jago et 
al., 2001), no other environmental factors 
were found to be associated with 
participation in MVPA. Research that 
further investigates the relationship 
between environmental factors and 
objectively measured MVPA in larger 
samples is needed.  
Several limitations of the present study 
need to be addressed. First, the 
questionnaire to measure school level 
variables was not validated yet; therefore 
conclusions concerning school 
environmental factors should be treated 
with considerable caution. The 
development of a valid and reliable 
questionnaire to measure school 
environmental factors by use of self-
reports is a priority for future research. 
Although it is a strength of the present 
study that physical activity was also 
measured more objectively with 
accelerometers, the sub sample in which 
these measurements occurred was 
relatively small. Hence, most of the 
conclusions in the present study were 
based on self-reported measures and 
although validated questionnaires were 
used, this is as a limitation of the study.  
Furthermore, given the cross-sectional 
design of the present study, no causal 
conclusions can be drawn. Although cross-
sectional studies are necessary to 
understand the relationships between 
environment and physical activity, 
prospective studies that further explore the 
causal relationships between the change in 
environmental factors and the change in 
physical activity levels are needed. 

 This study provided initial insight into 
specific environmental factors that are 
related to different types of physical 
activity in adolescents. The findings 
suggest that different environmental 
factors are related to different types of 
physical activity and influencing factors 
are different in boys and girls.  
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The effects of a middle school healthy eating intervention on adolescents’ fat and fruit 
intake and soft-drink consumption 

Abstract 

Objectives: To evaluate the effects of a middle school healthy eating promotion intervention, 
combining environmental changes and computer-tailored feedback, with and without an 
explicit parent involvement component Design: Clustered-randomized controlled trial. 
Setting: Fifteen West-Flemish (Belgian) middle schools. Subjects: A random sample of 15 
schools with 2991 7th and 8th graders was randomly assigned to an intervention group with 
parental support (n=5), an intervention group without parental support (n=5) and a control 
group (n=5). In these 15 schools an intervention, combining environmental changes with 
computer-tailored feedback was implemented.  Fat intake, fruit, water and soft-drink 
consumption were measured with food frequency questionnaires in the total sample of 
children. Results: In girls, fat intake and % energy from fat decreased significantly more in 
the intervention group with parental support, when compared to the intervention alone group 
(all > F=3.9, p<0.05) and the control group (all > F=16.7, p<0.001). In boys, there were no 
significant decreases in fat intake (F=1.4, ns) or percentage of energy from fat (F=0.7, ns) as a 
result of the intervention. No intervention effects were found in boys or in girls for fruit 
(F=0.5, ns), soft drink (F=2.6, ns) and water consumption (F=0.3, ns). Conclusions: 
Combining physical and social environmental changes with computer-tailored feedback in 
girls and their parents can induce lower fat intake in middle school girls.  
 
Keywords: tailored advice, environment, children 
 
Introduction 
In the past years dietary behaviours have 
moved in an unhealthy direction in US 
youth (1-2). Also in Europe, children and 
adolescents have poor dietary habits (3-5). 
The transition from childhood into 
adolescence often results in diets becoming 
less healthy (6). Previous research in 
adolescents revealed that saturated fat 
intake is far above recommendations, fruit 
intake is less than desirable (3) and soft 
drink consumption is too high (3). An 
unhealthy diet during adolescence can 
negatively affect growth and development 
(7) and is likely to persist into adulthood 
(8-9). High energy and fat intake, low fruit 
intake and excessive soft-drink 
consumption have been associated with 
higher risk for becoming overweight and 
obese and for diabetes, hypertension, 

cancer and cardiovascular diseases (2, 7, 
10-14).  
The immediate and long-term health of 
adolescents can be improved by effective 
promotion of healthy eating in young 
people (1, 7, 14). Schools are preferred 
settings to promote healthy eating in 
adolescents (15), since schools offer the 
opportunity to combine nutrition education 
with changes in the school environment, 
and via school-based programs parents 
may also be involved. Existing evidence 
indicates that adolescents’ food choices are 
influenced by the food offered in vending 
machines, shops or at events at schools (1, 
16-17). Therefore changes in school 
policies affecting the school environment 
can improve the opportunities for health-
enhancing food choices (15,17-18). 
Nutrition education can be offered 
repeatedly in class aiming to influence 
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motivation, ability and self-confidence to 
eat a healthy diet. Standard health 
education curricula, however, provide 
youth with generic information. In the last 
decade a new health education strategy has 
emerged, computer-tailored feedback (19) 
that can be used in classroom nutrition 
education. When compared to generic 
class-based health education curricula, 
computer-tailored messages respond better 
to the personal motivational and enabling 
factors that influence adolescents’ dietary 
behaviours (20). The increased relevance 
of the messages results in higher attention 
and motivational impact (20). Especially 
for fat intake, computer-tailored 
interventions were already found to be 
more effective than non-tailored 
approaches (20-22). Finally, through 
schools a direct link can also be established 
with the home environment. Parental 
influences are important determinants of 
adolescents’ food preferences and 
adolescents’ consumption of healthy food 
products is associated with the household 
availability of these products (23). 
Therefore it is assumed that parental 
involvement will increase intervention 
effects. To date, only few school-based 
interventions tried to target food 
behaviours in middle school children and 
in these studies no comparisons were made 

between interventions, with and without 
parental support (24). M-span, a middle-
school intervention, aimed at increasing 
the availability and promotion of lower-fat 
food choices was not effective in reducing 
fat intake at school in adolescents of the 
intervention schools (25). The TACOS 
study (Trying Alternative Cafeteria 
Options in Schools) was effective in 
increasing the sales of lower-fat foods and 
decreasing the sales of high fat foods, but it 
was not effective in changing adolescents’ 
self-reported fat intake (26). The middle-
school health education program used in 
the Planet Health intervention was 
effective in girls in increasing fruit and 
vegetable consumption, but had limited 
effects on energy from fat (27). The aim of 
the present study was to evaluate the 
effects of a healthy food intervention in 
middle schools, combining changes in the 
school environment with nutrition 
education through interactive computer-
tailored feedback. It was hypothesized that 
after 9 months of intervention dietary 
behaviours would be improved in the 
intervention groups compared to the 
control group. Additionally, it was 
hypothesized that involvement of the 
parents would increase the effectiveness of 
the intervention.

Table 1. Mean values of demographics at baseline in the total group and the 3 conditions 

 Total group I + P I C 

 (n= 2840) (n=1226) (n=1006) (n=759) 

 Mean + SD Mean + SD Mean + SD Mean + SD 

Age (years) 13.1 + 0.81 13.04 + 0.79 13.24 + 0.87 12.85 + 0.71 

% of girls 36.6% 40.1% 15.6% 58.8% 

% lower SES 67.5% 68.0% 78.9% 52.4% 

Note. I+P= Intervention with parental support, I=Intervention alone, C=Control group  
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Methods 
Subjects 
The present study is a clustered 
randomized controlled trial. Because of the 
higher prevalence of overweight and 
obesity in schools offering technical or 
vocational training, a random sample of 15 
schools out of the 65 schools with 
technical and vocational education in 
West-Flanders (Belgium) was selected to 
participate in this study. The 15 schools 
were randomly assigned to the intervention 
or control conditions: intervention with 
parental support (n=5, 1226 pupils), 
intervention alone (n=5, 1006 pupils) and a 
control condition (n=5, 759 pupils).  The 
parents of all 2991 pupils in 7th and 8th 
grade received an informed consent in 
which authorization was enquired for their 
child to complete measurements. The 
parents of 151 (5%) children did not give 
permission for their child to participate in 
this study. This resulted in a sample of 
2840 11 to 15 year old boys and girls 
within 15 schools. Table 1 presents the 
baseline data of the sample according to 
condition. The Study protocol was 
approved by the Ethical Committee of the 
Ghent University.  
Measurements 
Measures were assessed at the beginning 
(September 2003) and repeated at the end 
of the school year (June 2004).  
Fat intake was measured with a self-
administered questionnaire developed at 
the Ghent University together with the 
Flemish Institute for Health Promotion 
(28). The questionnaire was validated in a 
separate study and was found to be 
sufficiently reliable and valid as compared 
to a dietary record method (28). The 
questionnaire consisted of 48 items, 
representing all important sources of fat in 
the Belgian diet. Pupils were asked how 
often they consumed these products during 
a usual day, week or month. A coefficient 

was calculated, representing the fat content 
and portion size of each product. This 
coefficient was multiplied by the frequency 
of consumption, leading to a fat intake 
score for each food item. The summation 
of all food items’ fat intake scores lead to 
the total fat intake score (27). Individual 
recommended energy intake was 
calculated from standard recommended 
energy intake tables based on height, 
weight, sex, age and activity level (29-32). 
This allowed expression of reported fat 
intake as a percentage of total energy 
intakes. The percentage of children 
exceeding fat intake recommendations of 
maximum 30 % energy from fat was 
calculated (32).  
A validated food frequency questionnaire 
(33), adapted from the questionnaire used 
in the HBSC study (Health Behaviour in 
School-aged Children), was used to assess 
fruit intake. The question for fruit intake 
was: ‘How many pieces of fresh fruit do 
you usually eat?’ The percentage of 
children not meeting fruit intake 
recommendations (2 pieces a day) was 
calculated. A separate food frequency 
questionnaire was used to assess soft drink 
and water consumption. The questions 
asked for soft drink and water consumption 
were: ‘How many glasses of soft drinks do 
you drink during a regular school day’ and 
‘How many glasses of soft drink do you 
drink during a regular weekend day?’ The 
same questions were repeated for water.  
Demographic factors like birth date, 
gender, occupation of father and mother, 
number of computers at home, were 
assessed using another self-administered 
questionnaire. An estimate of social 
economical status of the family was 
obtained by classifying occupation of the 
father and mother according to the “white 
collar” and “blue collar” method (34).  
All questionnaires were filled out at 
school, during class hours under direct 
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supervision of the teachers. At baseline 
166 children did not fill out the fruit intake 
questionnaire, 182  children did not fill out 
the questionnaire for water and soft drink 
consumption and 203 did not fill out the fat 
intake questionnaire, due to absent at the 
day of measurement or children changing 
schools. There were 176 fruit intake 
questionnaires, 162 water and soft-drink 
intake questionnaires and 74 fat intake 
questionnaires missing at the 1 year post 
measurements. 
The Intervention 
The school-based intervention program 
was developed to promote healthy food 
choices and physical activity engagement 
in order to prevent the increasing 
prevalence of overweight in children. The 
intervention was implemented over one 
school year, beginning in October 2003 
and ending in June 2004. Only the healthy 
food intervention is described below. The 
effects of the intervention on adiposity 
indexes (submitted) and children’s 
physical activity levels (submitted) were 
reported elsewhere.  
Working group. The healthy food 
intervention was designed for 
implementation by the school staff itself. 
Therefore a working group was composed 
out of the principal, the physical education 
teacher(s) and other involved teachers. The 
working group received background 
information and guidelines on how to 
address the intervention topics. They 
received an intervention manual and 
educational material. Every three months a 
one hour meeting with the working group 
and the research team was held to evaluate 
the implementation and to plan further 
actions.  
Nutrition interventions. The food-
intervention focused on 3 behavioural 
changes that were supported by 
environmental changes: 1) increasing fruit 
consumption to at least 2 pieces a day, 2) 

reducing soft-drink consumption and 
increasing water consumption and 3) 
reducing fat intake. Environmental 
strategies were aimed at increasing the 
availability of healthy food products and 
decreasing the availability of unhealthy 
food items at school. Hence, policies 
concerning the availability of unhealthy 
and healthy food products in 7th and 8th 
graders were tackled.  
The number of Flemish secondary schools 
offering fresh fruit is limited and it is not 
convenient for adolescents to take fruit 
with them from home to school (17). 
Therefore, to facilitate fruit consumption, 
fruit was sold once a week at school at low 
cost or provided for free to all 7th and 8th 
graders. It was also suggested to offer fruit 
as a dessert of the school lunch. Most of 
the Flemish secondary schools have stores 
or vending machines selling soft drinks. 
Hence, soft drinks are often consumed 
during breaks and at noon. In addition soft 
drinks are often available as a part of the 
school lunches. Since pupils are more 
likely to consume soft-drinks every day if 
soft drinks are available at school (17), the 
intervention was aimed at changing the 
availability and accessibility of soft drinks. 
Furthermore, schools tried to promote 
drinking water as opposed to soft drinks, 
by offering it for free by means of drinking 
fountains or at lower price than soft drinks 
in shops or vending machines. 
Children received information about the 
improved health consequences of eating 
fruit as opposed to snacks and drinking 
water rather than soft drinks. During 
classes children got the computer tailored 
intervention for fat intake (22) and fruit 
intake. Questionnaires concerning 
demographics, food intake and 
psychosocial determinants of food choices 
lead to a tailored fat and fruit advice. After 
completing the questionnaire tailored 
feedback was displayed immediately on 
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the screen. Both the fat and the fruit advice 
started with a general introduction, 
followed by normative feedback, which 
related their intakes to the recommended 
intakes. The fat advice indicated the 
sources of fat in the diet and tips were 
given on how to replace fatty foods. The 
Transtheoretical Model (35) was used to 
define the content and approach of the 
feedback in the fat advice. Based on the 
theory of planned behaviour (36) children 
got tailored feedback about their 
intentions, attitudes, self-efficacy, social 
support, knowledge, benefits and barriers 
related to their fat intake. In the same way 
as in the fat advice the approach of the fruit 
advice was also based on the 
Transtheoretical model. Overall a healthy 
diet was promoted in an advice of about 5 
to 6 pages. Children could either save the 
advice on the computer or in some cases 
immediately print the feedback. 
Afterwards they had to complete a task 
with questions concerning their advice.  
Teachers were also encouraged to organize 
activities like healthy breakfast and 
educational games, as suggested in the 
intervention manual. In addition schools 
were encouraged to develop extra activities 
supportive to the intervention program. 
Parental involvement. The goal of the 
parent-involvement was to also create a 
supportive environment for healthy 
behaviours away from school. An 
invitation for an interactive meeting on 
food habits and the relationship with health 
was sent to all parents. It is known that 
parental involvement declines as children 
move from elementary school through 
middle schools (37-38) and it is often 
difficult to get parents to participate in 
meetings at school (39). Hence, in order to 
reach all parents the information was also 
communicated in the school paper and 
newsletters for the parents and was send to 

their home addresses. In these materials 
parents were made aware of their 
important role in influencing their 
children’s dietary behaviours.  
Most children (97%) reported to have one 
or more computers at home. Hence, the CD 
with the adult computer-tailored 
intervention for fat intake (22) was given 
to all parents to use and complete at home. 
Parents were thus made aware of their own 
fat intake and its consequences for health. 
The advice gave personalized information 
on how to make changes towards a more 
healthy diet. Through a brochure parents 
were informed that their child also used a 
similar computer-tailored tool, at school in 
class. They were asked to discuss the 
feedback that they both received together 
and to support their child in making the 
healthy changes suggested in the feedback. 
Statistical Analyses 
Data were analyzed using SPSS 12.0. 
Preliminary analyses consisted of 
descriptive statistics of sample 
characteristics. Linear mixed models on 
one year post-intervention measures was 
used to test intervention effects of the 
school based healthy diet promotion 
intervention. Condition and gender were 
entered as factors in the model. School was 
nested within condition to take into 
account school variance. All analyses were 
adjusted for baseline values, age and social 
economical status. Pre to post analysis on 
percentage of energy from fat were also 
adjusted for pre to post differences in 
physical activity levels. Since these 
differences could have caused differences 
in energy requirements between 
intervention and control groups. Post hoc 
tests analyses were conducted to determine 
the direction of differences between the 
conditions. P-values < 0.05 were 
considered as statistically significant. 
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Results 
At baseline on average 69 % of the 
children exceeded fat intake 
recommendations and on average 85 % did 
not meet fruit intake recommendations. 
Children reported to drink on average 3 
glasses of soft drink each day.  
The pre and post-intervention values of 
self-reported fat intake, fruit consumption 
and soft drink and water consumption are 
presented in Table 2. The intervention was 
not effective in increasing self-reported 
fruit intake and water consumption and no 
positive intervention effects on soft drink 
consumption were found. There was a 
trend for a significant condition by gender 
interaction effect for fat intake and % of 
energy from fat. For these variables, the 
intervention was effective in girls, but not 
in boys. Table 3 presents pre and post-test 

intake levels and F-values of the post hoc 
analyses in girls. Post hoc tests revealed 
that fat intake and % of energy intake 
taken from fat decreased significantly more 
in girls of the intervention with parental 
support group, when compared to both 
other conditions.  
Discussion 
There is ample evidence that children and 
adolescents in the US as well as Europe 
have poor dietary habits (2-4). The 
baseline data of the present study clearly 
confirm these findings for a Belgium-
Flanders sample. At baseline very high 
percentages of boys and girls did not meet 
fat and fruit intake recommendations and 
soft drink consumption was very high. 
Such dietary habits are putting adolescents 
at greater risk for chronic problems in 
adulthood (40-41). Since food habits are 

Table 2: Pre and post intake levels and F-values for effects of a healthy diet intervention 
Condition Pre Post FCondition FCondition*gender FCondition 

 (Mean + SD) (Mean + SD)   Boys Girls 
I + P 111 + 48 105 + 49 1.3 2.4(*) 1.4 9.3***Fat intake  

(g/day) I  130 + 54 127 + 56     
 C 108 + 46 104 + 45     

I + P 38.7 + 16.3 35.1 + 16.1 1.4  2.4(*) 0.7 9.0***% energy  
from fat I  43.7 + 18.1 40.2 + 17.8     
 C 39.4 + 16.2 36.7 + 15.7     

I + P 65.5 + 47.6 54.2 + 49.9 2.8  1.5 NA  % > fat 
recommendations I  74.1 + 43.8 66.4 + 47.3     
 C 67.7 + 46.8 61.0 + 48.8     

I + P 5.3 + 5.3 5.4 + 5.3 0.2 1.1 NA  Fruit intake 
(pieces/week) I  4.6 + 5.0 4.4 + 4.7     
 C 6.5 + 5.0 6.0 + 4.9     

I + P 85.8 + 34.9 84.3 + 36.4 0.5 0.78 NA  % < fruit 
recommendations I  88.0 + 32.5 89.3 + 30.9     
 C 80.3 + 39.8 82.1 + 38.3     

I + P 3.1 + 2.4 3.1 + 2.5 2.6 0.9 NA  Soft drink 
(glasses/day) I  3.5 + 2.5 3.9 + 2.8     
 C 2.5 + 2.2 2.6 + 2.4     

I + P 3.4 + 2.7 3.7 + 2.8 0.3  0.3 NA  Water  
(glasses/day) I  3.1 + 2.7 3.5 + 2.9     
 C 3.7 + 2.6 4.0 + 2.8     
Note. I+P= Intervention with parental support (n=1055), I=Intervention alone (685), C=Control group 
(n=655) . NA=not applicable because FCondition*gender was not significant.***p<.001, (*) p<.09 
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likely to further deteriorate in adolescence 
(9,42), there is an urgent need for effective 
interventions aimed at influencing and 
improving dietary habits in these 
youngsters. The present study is therefore 
somewhat promising, since it showed that 
a well-planned, theory-based intervention 
combining personal and environmental 
change strategies induced some positive 
dietary changes in girls.  
Flemish secondary schools are offering a 
wide range of low-nutritive food items in 
their shops and vending machines (17). 
Earlier research pointed out that this 
unhealthy school environment has a 
significant negative influence on 
adolescents’ eating behaviour (17). 
However, previous intervention studies in 
middle schools (25-26) revealed that 
environmental changes alone were not 
sufficient to change adolescents’ food 
behaviour and that interventions have more 
success if personal ánd environmental 
factors are targeted (43). The present 
intervention was unique in combining 
computer-tailored feedback for a first time 
with environmental changes. The 
intervention had positive effects on fat 
related outcomes in girls, but only when 
parental support was included. Notice there 
were only positive intervention effects for 
fat and this is the behaviour that was 
indeed targeted by environmental change 

as well as computer-tailoring for both 
adolescents and parents.  
Results from the Planet Health study (27) 
indicated that after 2 years of intervention 
fruit intake increased with on average 0.2 
servings a day in girls of the intervention 
group, while it decreased with on average 
0.2 servings a day in the control group. In 
the present study no positive intervention 
effects on fruit intake were found. 
However, it could be argued that a longer 
intervention period may be necessary to 
assess significant positive effects. Since in 
the present study, after 9 months, fruit 
intake increased with 0.1 servings a week 
in the intervention with parental support 
group, while it decreased with 0.5 servings 
a week in the control group. Declines in 
fruit intake, as found in the control group 
could be due to seasonal variation in 
availability of fruit when comparing 
September to June intakes. Neither in boys, 
nor in girls, there were positive 
intervention effects for soft drink and 
water consumption. These findings 
strengthen our assumptions that the 
combination of a personalized intervention 
with environmental changes and parental 
support is essential to assess positive 
intervention effects. The lack of 
personalized tailored feedback for soft 
drink and water consumption could have 
resulted in an insufficient intensive 
intervention for these specific behaviours. 

Table 3: Pre and post-test intake levels and F-values and post hoc test indicators for intervention effects 
on Fat intake and % energy from fat in girls 

Condition Pre Post Post hoc FPost Hoc 
   (Mean + SD) (Mean + SD)   

Fat intake (g/day) I + P  97 + 38 85 + 35 I = C 0.5 
 I   108 + 46 98 + 40 I+P>I 6.1* 
 C  99 + 39 95 + 40 I+P>C 17.3*** 
% energy from fat I + P  37.5 + 15.0 31.9 + 13.6 I = C 1.0 
 I   41.1 + 16.8 36.6 + 15.2 I+P>I 3.9* 
 C  38.7 + 15.8 36.1 + 15.5 I+P>C 16.7*** 
Note. I+P= Intervention with parental support (n=432), I=Intervention alone (n=108), C=Control group (n=392). 
*p<0.05,***p<.001. 
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Additionally our experiences were in line 
with previous research in Flemish 
secondary schools revealing that financial 
interests are making school boards resistant 
to eliminate or reduce the sale of soft-
drinks during breaks or at lunch (17). The 
increasing consumption of sugar-
sweetened drinks is considered to 
contribute to the increasing prevalence of 
overweight and obesity (13). Therefore 
research evaluating the effects of 
combining personalized interventions with 
environmental changes on soft drink and 
water consumption should be a priority. 
Furthermore the huge incomes secondary 
schools receive from shops and vending 
machines results in school boards 
neglecting the importance of a healthy 
school environment. Therefore one 
possibility is the restriction of low-nutritive 
food at school by governmental laws. 
However, only limited research exist 
showing that restricting the sale of soft 
drinks in schools would improve dietary 
habits in youth (44). It is possible that 
adolescents would compensate the lack of 
soft drinks at school by the consumption of 
other sweetened products or by drinking 
more soft drinks outside school (44).  
In the present study there were clear 
gender differences in the results. The 
intervention was only effective in girls and 
not in boys. These gender differences are 
in line with the findings from the Planet 
Health study (27).  In that study (27) a 
health education program was used and 
limited effects on total energy from fat 
were only found in girls. Previous research 
revealed that adult women compared to 
men were more positive towards the 
computer tailored intervention for fat 
intake (45). It is probable that girls were 
more responsive to the messages of the 
tailored intervention, since in general girls 
are more attuned to issues of diet (46). This 
indicates that combining changes in the 

school environment, with personalized 
tailored feedback and increasing parental 
support is the most promising intervention 
strategy to address fat intake in adolescent 
girls. However, more research needs to be 
done on how to address boys. 
Strengths of the present study were the 
clustered randomized design with a high 
participation rate and the combination of a 
new intervention type, namely a 
computerized tailored intervention with 
environmental changes which was used for 
the first time in adolescents. A limitation 
of the present study is the self-reported 
character of the measurements. Self-
reported measures used to assess dietary 
intakes of adolescents tend to result in 
reporting errors (47) and limited data are 
available to understand the reporting bias 
in this age group. Therefore the data in the 
present study should be treated with 
considerable caution. In the present study 
the effect of the whole school intervention 
was evaluated. It is also important to study 
the effects of each component. No studies 
are available to date now, documenting the 
effects of personalized tailored food 
interventions in adolescents. Additional 
priorities for future research include 
improving dietary interventions for boys 
and assessing long-term intervention 
effects in boys and girls. 
In conclusion, the present study provided 
evidence that the use of school 
environmental changes to increase the 
availability of healthy foods at school, 
together with the use of tailored 
interventions to motivate en enable healthy 
choices in girls and their parents can have 
positive effects on girls’ diets. 
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School Based Randomized Controlled Trial of a Physical Activity Intervention among 
adolescents  

 

Abstract 
Purpose: To evaluate the effects of a middle school physical activity intervention, new in 
combining an environmental and computer tailored component. To evaluate the effects of 
parental involvement. Methods: A clustered randomized controlled design was used. A 
random sample of 15 schools with 7th and 8th graders was randomly assigned to 1 of 3 
conditions: (a) intervention with parental support, (b) intervention alone and (c) control group. 
The intervention was new in combining environmental strategies with computer tailored 
feedback to increase levels of moderate to vigorous physical activity. It was implemented by 
the school staff itself. Physical activity was measured through a questionnaire in the total 
sample and with accelerometers in a sub sample of adolescents. Results: The intervention 
with parental support led to an increase in self-reported school related physical activity with 
on average 6.4 minutes per day (p<0.05, d=0.40). Physical activity of light intensity measured 
with accelerometers decreased with on average 36 minutes per day less as a result of the 
intervention with parental support (p<0.05, d=0.54). Physical activity of moderate to vigorous 
intensity measured with accelerometers significantly increased with on average 4 minutes per 
day in the intervention group with parental support, while it decreased with almost 7 minutes 
per day in the control group (p <0.05, d=0.46). Conclusions: The physical activity 
intervention, implemented by the school staff, resulted in enhanced physical activity 
behaviors in both middle school boys and girls. The combination of environmental 
approaches with computer tailored interventions seemed promising.  
 
Keywords: Adolescent, Physical Activity, Middle School, Intervention, Environment 
 
Introduction 
Adolescents should engage in physical 
activity of moderate to vigorous intensity 
(MVPA) for at least 60 minutes and up to 
several hours daily for enhanced health and 
weight control [1-3]. During the last 20 
years physical activity has declined [1, 4] 
and adolescence is identified as the age of 
greatest declines [1, 5]. Hence, there is a 
strong need for effective interventions that 
promote physical activity among 
adolescents.  

Schools are considered as preferred 
environments for promoting physical 
activity [6, 7]. Schools offer opportunities 
to intervene through health or physical 
education classes [8] and promotion of 

active transportation is possible [9]. 
Finally, through schools parents may be 
reached. Although parental support is 
considered as important [10-12], the effect 
of parental involvement in physical activity 
interventions has not been well studied in 
adolescents. 
Previously conducted intervention studies 
targeting physical activity were mainly 
delivered through elementary schools and 
focused on health education lessons or 
physical education curricula [13-14]. Three 
intervention studies promoting physical 
activity were recently conducted in middle 
schools [15-17].  The Planet Health study, 
a multidisciplinary intervention to reduce 
obesity, made use of a physical activity 
classroom curriculum and was not 
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effective for increasing levels of MVPA 
[15]. M-span was aimed at increasing 
physical activity during physical education 
classes and leisure time periods by making 
environmental and policy changes. 
Physical activity was assessed by 
systematic observations (SOFIT, 
SOPLAY) during physical education 
classes, before school, and after school on 
school grounds. After two years of 
intervention, daily energy expenditure 
from MVPA increased with on average 41 
kilocalories (kcal) per day in boys of the 
intervention group, while it increased with 
only 12 kcal in the control group.  The 
intervention was not effective among girls. 
[16].  
More recently ICAPS (Intervention 
Centered on Adolescents’ Physical activity 
and Sedentary behaviour], a 4 year 
ongoing middle school intervention study 
in France combined an educational 
component with environmental changes 
[17]. This was the only multi-component 
intervention study that was effective for 
increasing the proportion of adolescent 
boys (+12%) and girls (+24%) that 
participated in leisure organized physical 
activity leisure organized physical 
activities. However, it is possible that 
better outcomes in the intervention group 
were due to the desirability to give answers 
compliant with the intervention messages.  
In the last decade a new health education 
strategy has emerged, namely computer 
tailored feedback that can be used within 
the classroom. Previous studies in adults 
have shown that computer tailored 
messages better respond to personal, 
motivational and enabling factors that 
influence physical activity behaviors and 
are more likely to be perceived as 
interesting and personally relevant [18]. 
More recently, two studies in adolescents 
have shown that stage-based computer-
tailored interventions can be effective for 

increasing physical activity levels in 
adolescents [19-20]. A tailored 
intervention offered during eight 45-
minutes lessons in low income, culturally 
diverse students resulted in increases in 
self-reported MVPA with on average 7 
minutes daily in students of the 
intervention group, while among students 
from the control group decreases with on 
average 15 minutes daily were found [19]. 
A second tailored intervention [20] was not 
effective for increasing MVPA measured 
with both 7 day recalls and accelerometers. 
However, the number of active days per 
week increased with 7.3 percent among 
boys of the intervention group, while no 
changes were found in the control group. 
The results from the above mentioned 
intervention studies [16-17] suggested that 
targeting the environment is a potential 
effective intervention strategy, in addition 
personalized computer-tailored physical 
activity intervention also led to positive 
effects [19-20]. Hence, it could be argued 
that combining computer-tailored with 
environmental interventions may be an 
effective strategy for increasing physical 
among adolescents.  
The present study was an effectiveness 
trial aimed at evaluating the effects of a 
physical activity intervention in middle 
schools, new in combining environmental 
strategies with education through 
interactive computer tailored feedback. It 
was hypothesized that after 9 months of 
intervention, decreases in physical activity 
would be prevented or at best 
circumstances that physical activity levels 
would be increased. Additionally, it was 
hypothesized that parental involvement 
would increase the intervention effects. 
Methods 
Participants and Procedure 
The present study is a clustered 
randomized controlled trial. A Priori power 
analyses revealed that an n = 300 in each 
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group was sufficient to power the study no 
less than 0.80 and to detect differences of 
10 min daily total physical activity, given 
the 0.05 level of significance (α error). In 
order to account for possible drop out and 
to make afterwards analyses within 
subgroups possible, larger samples were 
provided. 
A random sample of 15 schools out of the 
65 Flemish schools with technical and 
vocational education in West-Flanders 
(Belgium) was selected to participate. To 
obtain a random sample of 15 schools, 
principals of 23 schools were approached 
by telephone, 8 of them declined 
participation. After the telephone contact 
more information was sent by mail and a 
meeting with the research staff was 
arranged. The 15 schools were then 
randomly assigned to the intervention or 
control conditions: (a) Intervention with 
parental support, (b) intervention alone and 
(c) control condition.  The parents of all 
2991 students in seventh and eight grades 
received an informed consent form in 
which authorization was asked for their 
child to complete measurements. Only 151 
(5%) parents gave no permission, resulting 
in a sample of 2840 11 to 15 year old boys 

and girls. Measures were performed at 

school, once at the beginning (September 
2003) and once at the end of the school 
year (June 2004). Data of 2434 students 
were available for final analyses, 
representing the number of students who 
were present on the measurements days 
and who completed measurements 
accurately. Table 1 presents the baseline 
data of the sample according to condition. 
From each of the 15 schools, one class of 
seventh graders was randomly selected for 
more in depth measurements, resulting in a 
sub sample of 258 children.  
The Study protocol was approved by the 
Ethical Committee of Ghent University. 
Measurements 
Physical activity levels were determined 
using the validated Flemish Physical 
Activity Questionnaire [21]. Philippaerts 
and colleagues [21] reported moderate to 
high reliability of the FPAQ for the 
different indexes used in the present study. 
The test-retest intraclass correlation 
coefficients exceeded .70.  To obtain 
validity measures, data from the 
questionnaire were correlated to data 
derived from accelerometers (model 7164, 
Computer Science Application, Inc., 
Shalimar, FL). Pearson correlations were 

significant for all activity measures and 

 Table 1 

Mean Baseline Values of Age, Percentage of Girls, and Social Economical Status (SES)  in 

the Total Group and the Three Conditions 

 Total group I + P I C 

 (N= 2840) (n=1194) (n=911) (n=735) 

 M + SD M + SD M + SD M + SD 

Age (years) 13.1 + 0.8 13.0 + 0.8 13.2 + 0.9 12.9 + 0.7 

% of Girls 36.6% 40.1% 15.6% 58.8% 

% Higher SES 32.5% 32.0% 21.1% 47.6% 

Note. I+P=Intervention with parental support. I=Intervention alone. C=Control group 
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ranged between .43 and .79, indicating 
acceptable validity of the instrument [21].  
Data on demographic factors were 
collected in the first part of the 
questionnaire. An estimate of social 
economical status of the family was 
obtained by classifying the occupation of 
the father and mother into white and blue 
collar [22]. 
The second part evaluated the physical 
activity levels of the children. Total 
physical activity level (min/day) was 
determined as a result of three 
components: (a) school related physical 
activity, (b) leisure time sports and (c) 
leisure time active transportation. The 
“school related physical activity index” 
was determined adding up time spent in 
active transportation to school and 
extracurricular activities at school. To 
assess measures of active transportation to 
school, questions addressing frequency and 
duration of the trip to school and the main 
mean of transportation were included. To 
assess a measure of time spent in 
extracurricular physical activity, questions 
were added on the participation in 
physically activities during playtime, lunch 
break, after school hours or at class or 
school tournaments.  
The “leisure time active transportation 
index” was assessed, using questions 
addressing the minutes of cycling and 
walking in leisure time. The “leisure time 
sports index” was assessed using questions 
addressing time spent in sports outside 
school. Based on the METS from the 
Compendium of physical activity [23], 
each sport with a metabolic rate lower than 
3 METS was classified as an activity of 
low intensity and was not taken into 
account for the leisure time sports index.  
Physical activity levels were also assessed 
by accelerometers (model 7164, Computer 
Science Application, Inc., Shalimar, FL) in 
the sub sample of 258 students. Parents of 

22 students gave no permission for their 
child to wear the accelerometer. Data were 
missing in 24 students at pretest and in 21 
students at posttest due to illness, 
unwillingness of the child to wear the 
instrument or registration problems. 
Finally, data of both pre and posttest were 
available for 89 boys and 94 girls. The 
accelerometer has shown to be a valid and 
reliable tool for the assessment of physical 
activity in adolescents [24-26]. 
Students were instructed to wear the 
accelerometer above the right hipbone and 
underneath the clothes for four weekdays 
and two weekend days. The accelerometers 
were held in place with an elastic belt and 
an adjustable buckle. Students were asked 
to take the accelerometer off in situations 
where they could hurt themselves or for 
water activities like swimming or taking a 
bath or a shower.  
Activity counts cut-off points specific for 
adolescents differ considerably across 
studies and there is still no consensus on 
which cut-off points are the most 
appropriate to use [27]. Most recently 
published studies support a cut-off around 
3000-3500 for MVPA [28]. Cut-off points 
used in the present study were 0, <3200 
and > 3200 for inactive, light and moderate 
to vigorous minutes respectively [24]. 
These minutes were summed for the total 
registration period and divided by the 
number of days of registration. This 
resulted in a physical activity index of light 
and moderate to vigorous intensity, 
expressed in minutes per day. Days with 
less than 960 min of registered activity 
were considered as invalid. 
Students were asked to register in a diary 
each activity performed without wearing 
the accelerometer. If students participated 
in a certain sports without wearing the 
accelerometer (e.g. swimming), time spent 
in that sport was noted in a diary. 
Registered minutes of participation in 
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sports of > 3MET [23] were calculated per 
day. These minutes were afterwards taken 
into account in the index of MVPA. 
Diaries were coded blind to the 
intervention group status.  
The Intervention 
The intervention was implemented during 
one school year, beginning in October 
2003 and ending in June 2004. The 
program was developed to promote healthy 
food choices and physical activity 
engagement in order to prevent the 
increasing prevalence of overweight 
among adolescents. The intervention 
description was published before, together 
with the intervention effects on adiposity 
indexes [29]. Hence, only a brief summary 
of the physical activity intervention is 
given below. 
Schools changed their physical 
environment by creating more 
opportunities to be physically active during 
breaks, at noon or after school hours. The 
content of the physical activities varied and 
noncompetitive activities were included in 
order to reach less skilled students. Extra 
physical activities were often organized at 
noon (7/10 schools), at Wednesday 
afternoons (10/10 schools) and after school 
hours (4/10 schools). Additionally, extra 
sports materials were made available. 
Every school received an intervention box 
with sports materials like ropes, frisbees, 
balls, and beach ball sets. Sports materials 
were most often made available at noon 
(6/10 schools), in some schools it was 
made available after school hours (3/10 
schools) and in one school sports materials 
were also made available during breaks. 
During classes students received an 
adaptation of the adult computer tailored 
intervention for physical activity [30]. 
They received a personal physical activity 
advice in which an active lifestyle was 
promoted.  

In five of the ten intervention schools, 
additional efforts aimed at creating a 
supportive social environment for healthy 
behaviors outside school through parental 
involvement. Parents were invited for an 
interactive meeting on physical activity 
and the relationship with health. 
Information was also communicated 
through home correspondence and all 
parents received a free CD with the adult 
computer tailored intervention for physical 
activity [30] to complete at home.  
Statistical Analyses 
Data were analyzed using SPSS 12.0. 
Preliminary analyses consisted of 
descriptive statistics of sample 
characteristics. Linear mixed models with 
group (participating and not participating 
at follow-up) entered as a factor on 
baseline demographics and physical 
activity indexes and χ2-analyses were used 
to conduct drop out analyses. Linear mixed 
models on post values of physical activity 
were conducted with condition entered as a 
factor in the model to evaluate intervention 
effects. Because of the gender disparity 
across conditions, gender and “gender by 
condition” interactions were entered as 
factors in the model. School was nested 
within condition to take into account 
possible variance at the school level. All 
analyses were adjusted for baseline values, 
age and social economical status. Since 
intention-to-treat analyses preserve 
baseline comparability between groups 
achieved by randomization and drop out 
was higher in the intervention alone group, 
intention-to-treat analyses were conducted 
by carrying the last observation forward. 
Post hoc tests analyses were conducted to 
determine differences in physical activity 
changes between the conditions.  
Effect sizes (d) were calculated by 
subtracting the change in control schools 
from the change in intervention schools 
and dividing by the pooled standard 



Chapter 2.2  Original Research 

119 

 

deviation of change [31, 32]. Effect sizes 
were interpreted as negligible (<0.15), 
small (> 0.15 and <0.40), medium (> 0.40 
and <0.75) and large (> 0.75) [31, 32]. 
P-values < 0.05 were considered as 
statistically significant.  
Results 
Sample characteristics and drop-out 
analysis 
Demographic characteristics of the 
baseline sample according to condition are 
shown in Table 1. Baseline demographic 
and behavioural characteristics of the 
baseline and follow-up sample are shown 
in Table 2. Drop out analyses comparing 
baseline demographic and behavioural 
characteristics of the students participating 
and not participating at follow-up showed 
significant differences for the percentage 
of girls and the % of higher SES students. 
Physical Activity Questionnaire. The pre- 
to post-intervention values for self-
reported physical activity are presented in 

Table 3. School related physical activity 
increased significantly more in the 
intervention group with parental support 
(+6.4 min/day) and the intervention alone 
group (+4.5 min/day), when compared to 
the control group where it remained stable. 
For ‘self-reported leisure time active 
transportation’, a significant (F=3.9, 
p<0.05) Gender by Condition interaction 
effect was found (see Table 3 and Figure 
1). In boys there were no significant

Figure 1: Effects on leisure time active 
transportation
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Table 2 

Descriptive Characteristics (percentages or means and standard deviations) for Baseline 

Sample and Follow-up Sample 

 Baseline 

sample 

Follow-up sample Drop out  

 (n= 2840) (n=2434) (n=406)  

    χ2 

     

% Girls 36.7 % 38.5 % 22.7 % 34.5*** 

% Overweight 18.5 % 18.5 % 18.4 % 0.2 

% Higher SES 32.6 % 33.1 % 26.6 % 4.6* 

 M + SD M + SD M + SD Fdrop out 

Age (years) 13.1 + 0.8 13.0 + 0.8 13.4 + 0.8 3.7 

Total PA (min/day) 95.0 + 54.1 95.1 + 54.2 93.8 + 53.4 0.2 

School PA (min/day) 16.8 + 16.5 17.0 + 16.6 14.7 + 15.8 0.4 

Leisure time sports (min/day) 39.0 + 43.4 39.0 + 43.4 38.5 + 42.9 0.1 

Leisure time AT (min/day) 29.2 + 15.4 29.1 + 15.4 30.2 + 15.9 0.1 

***p<0.001, * p<0.05 

Note. SES = Social Economical Status. PA = Physical Activity. AT=Active Transportation. 
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differences (all F<1.2, ns). Among girls, 
leisure time active transportation remained 
stable in the intervention alone group while 
it significantly decreased with on average 4 
min daily in the control group (F=12.1, 
p<0.001, d=0.28).  
Accelerometers. The pre- to post-
intervention values of physical activity 
levels measured by accelerometers are 
presented in Table 4. Physical activity of 
light intensity significantly decreased with 
on average 21 min daily in the intervention 
group with parental support, while it 
decreased with on average 57 min daily in 
the control group (F=5.1, p<0.05, d=0.54). 
For MVPA, there was a significant 
difference between the intervention group 
with parental support and the control group 
(F=5.1, p <0.05, d=0.46). MVPA increased 
with on average 4 min daily in the 
intervention group with parental support, 
while it decreased with almost 7 min daily 
in the control group. 
Discussion 
The main purpose of this study was to 
evaluate the effects of an intervention 
unique in combining environmental 
changes with personalized stage-based 
computer tailored feedback, for promoting 
physical activity in middle school boys and 
girls. After 9 months, the intervention 
seemed effective in enhancing healthy 
physical activity behaviors.  The self-
reported physical activity measurements 
showed that the intervention effects 
differed according to the context (at 
school/leisure time) of the activities. It 
appeared that combining environmental 
changes with computer tailored 
interventions may be effective to increase 
adolescents’ engagement in school-related 
physical activity, but not leisure time 
physical activity.  Students in the 
intervention conditions increased their time 
spent in school related physical activities 
with on average 36 min a week, while no 

increases were found in the control 
condition. As the multi-component 
intervention was implemented as a whole it 
is not possible to determine which 
intervention component was responsible 
for the increases in school related physical 
activity. The environmental component 
mainly focused on increasing time, space, 
material, and opportunities to be active, 
and the individual component provided a 
personalized physical activity advice. It 
could be argued that making the school 
environment more ‘activity friendly’ had a 
direct impact upon physical activity at 
school. Participation in physical activities 
at school may specifically be enhanced 
through successful experiences as special 
attention was given in the program to 
varying the content of the physical 
activities offered in order to reach all 
students. The computer-tailoring part of 
the intervention also included specific 
feedback on how to be active with friends 
at school. In addition, the parental support 
intervention may have led to more support 
from family members to be active at 
school. 
In the same way as with our intervention, 
the M-Span intervention [16] included 
parental education and was aimed at 
increasing physical activity during leisure 
periods throughout the school day by 
increasing supervision, equipment and 
organized activities. After the second 
intervention year very large effect sizes 
were found among boys (d=1.1). In 
contrast to our findings, the M-Span 
intervention did not result in increases in 
physical activity after one year of 
intervention and no effects were found 
among girls.  However, the size of the 2-
year post intervention effects among boys 
was considerably larger when compared to 
the effect-sizes found in the present study. 
The more intensive nature of the 
intervention including an additional 
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Table 4 

F-Values, Post Hoc Test Indicators and Effect Sizes for Intervention Effects on Physical Activity Levels Measured by Accelerometers 

Min/Day Condition Pre Post                Post hoc analyses 

  (n) M + SD M + SD FCondition FCondition*Gender  d 

PA of light intensity I + P (66) 645.8  + 61.1 624.3 + 69.9 2.8(*) 0.7 I+P>C* 

 I  (50) 664.4 + 69.2 635.2 + 88.5   I>C(*) 

 C (67) 671.0 + 62.1 614.3 + 70.5    

0.54 

0.36 

I + P (66) 24.9 + 16.5 28.8 + 24.8 3.5* 1.3 I+P > C* PA of moderate to vigorous intensity    

I  (50) 27.6 + 20.5 25.7 + 22.2   I+P>I(*) 

 C (67) 30.8 + 21.5 24.1 + 20.7    

0.46 

0.24 

% meeting PA guidelines I + P (66) 5% 12% 0.3 0.8 NA  

 I  (50) 6% 11%     

 C (67) 11% 12%     

Note. I+P=Intervention with parental support. I=Intervention alone. C=Control group. NA= not applicable. PA=Physical Activity. PA 

guidelines=60 minutes of moderate to vigorous physical activity daily. (*) p<0.08, *p<.05  

 

 

Table 3 

F-Values, Post Hoc Test Indicators and Effect Sizes for Intervention Effects on Self-Reported Physical Activity Levels 

Min/Day Condition Pre Post                Post hoc analyses 

  (n) M + SD M + SD FCondition FCondition*gender  d 

Total PA I + P (1124) 94.8 + 53.9 97.3 + 54.5 1.2 0.5  

 I  (843) 100.9 + 58.7 98.7 + 59.8    

 C (714) 88.3 + 47.4 84.4 + 46.2   

NA 

 

School PA I + P (1124) 16.2 + 16.6 22.6 + 19.0 3.7* 0.4 0.40

 I  (843) 16.0 + 18.4 20.5 + 20.9   0.29

 C (714) 18.5 + 13.8 18.5 + 14.5   

I + P > C* 

I>C* 

 

Leisure time sports I + P (1124) 39.9 + 43.5 38.8 + 42.2 0.1 0.2  

 I  (843) 43.3 + 46.3 39.7 + 48.5    

 C (714) 32.6 + 38.3 32.4 + 35.5   

NA 

 

 

I + P (1124) 28.9 + 15.3 26.0 + 13.4 2.0 3.9*  Leisure time AT 

I  (843) 31.3 + 15.3 28.0 + 12.9    

 C (714) 27.1 + 15.4 23.2 + 13.0   

NA 

 

 

Note. I+P=Intervention with parental support. I=Intervention alone. C=Control group. NA= not applicable. PA = Physical Activity. AT=Active 

Transportation. *p<.05  
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component that was aimed at increasing 
physical activity during physical education 
classes and including large incentives 
(around 3000$) to buy equipment and to 
organize physical activities [16] may have 
caused these larger intervention effects.  
The lack of positive effects on leisure time 
sports could be due to the timing of the 
intervention. As the intervention started in 
October and subscriptions in most sports 
clubs take place in August or September. 
Although the intervention was not effective 
for increasing leisure time active 
transportation, decreases in time spent in 
leisure time active transportation were 
prevented in girls of the intervention alone 
group. Engagement in leisure time active 
transportation is a lifetime physical activity 
behavior and changing such behaviors is 
essential in a long term perspective.  
Although, in the present study, an extra 
intervention condition was created, in 
which intensive involvement of the parents 
was aspired, this was not sufficient for 
increasing leisure time physical activity. 
Perhaps interventions designed to target 
leisure time sports and active 
transportation should be more community- 
rather than school-based. The short-term 
results from the ICAPS study [17] indeed 
indicated promising effects on leisure time 
physical activity, when intervening in a 
broader context.  The ICAPS intervention 
[17] also included an educational, 
environmental and parental component. 
The intervention further focused on 
involving club educators and community 
agencies and in addition recreational areas 
and transportation infrastructures were 
targeted. In contrast to our findings, the 
intervention did result in increases in 
participation in leisure organized activities, 
already after six months. However, no 
distinction was made between participation 
in leisure organized activities at school and 

outside school and the magnitude of the 
effects was not reported. 
It is known that parental involvement 
declines as children move from elementary 
school through middle schools [33-35] and 
it is often difficult to get parents to 
participate in meetings at school [35]. 
Therefore parents were mainly involved at 
home through articles in school papers and 
newsletters. Parents were made aware of 
the importance of physical activity for their 
child’s health. Information was provided 
on how to support the child in becoming 
more active. Moreover every parent 
received a free CD with the adult computer 
tailored intervention for physical activity to 
complete at home. Notice that the 
combination of environmental changes and 
computer tailored feedback in both 
adolescents and their parents was 
necessary to obtain medium effect sizes. 
The intervention without parental support 
only resulted in small effect sizes. Trost 
and colleagues [12] concluded that parental 
support such as financial support, 
transportation, observation and 
encouragement is related to adolescents’ 
physical activity levels. These instrumental 
parental support behaviors could indeed be 
critical for increasing participation in 
school-related physical activity and 
MVPA. 
Health related physical activity guidelines 
in adolescents recommend engagement in 
MVPA for at least 60 min daily [2-3]. The 
intervention was not effective for 
increasing the proportion of students that 
meets these guidelines. Most adolescents 
did not comply with the physical activity 
guidelines and among insufficiently active 
adolescents every increase in MVPA may 
have been important to produce health 
benefits. Hence, it is relevant that the 
intervention plus parental support was 
effective for increasing time spent in 
MVPA in both boys and girls. 
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Previous studies [1] showed that girls are 
less active than boys and increasing 
physical activity in girls requires 
intervention strategies that are tailored for 
girls [16]. Only one previously conducted 
intervention was effective for increasing 
physical activity in middle school girls 
[17]. However, in that study physical 
activity was only measured with 
questionnaires which may have increased 
the risk for social desirable answers [17]. 
An additional value of the present study is 
that by using accelerometers, it was more 
objectively demonstrated that 
environmental changes supported by 
personal tailored interventions lead to 
positive intervention effects in both boys 
and girls.  
The intervention was designed in such way 
that future implementation in all Flemish 
schools would be feasible. Finding positive 
outcomes, given that the intervention was 
fully implemented by the school staff 
themselves is a strength of the study. The 
results give a realistic view on how 
effective the intervention would be, if 
implemented on a larger scale.  
Some limitations of the study need to be 
addressed. First, the randomization of 
students took place at the school level 
resulting in a higher risk for clustering of 
outcome variables within schools. By 
using multilevel analyses and controlling 
for baseline characteristics this issue was 
addressed. Second in order to increase the 
external validity of the results, schools 
were not matched on key characteristics 
such as gender or SES. As a result of this 
there was a considerable gender disparity 
across conditions. To deal with these 
limitations, “gender by condition” 
interactions and covariates were added into 
the statistical analyses. Third, the 
intervention period was relatively short and 
further research is needed to evaluate the 
extent to which positive effects persist. A 

fourth limitation concerns the use of 
accelerometers only in a sub sample of 7th 
graders and not in 8th graders. In Flanders, 
most students stay in the same school as 
they move from 7th to 8th grade, whereas 
students more often change schools as they 
move from 8th grade to 9th grade. In order 
to be able to measure as much students as 
possible during the 1 year follow-up 
period, accelerometers were only used in 
7th graders. A fifth limitation is the lack of 
objective process evaluation data on the 
level of implementation and parental 
involvement. Finally, it is not possible to 
determine which specific component of the 
intervention had significant effects. 
Although it is hypothesized that it is the 
multi-component nature of the intervention 
that caused its effectiveness, more research 
is needed to find out which is the 
independent effect of the computer tailored 
physical activity intervention.  
In conclusion, school based intervention 
strategies combining environmental 
approaches with computer tailored 
interventions seemed promising for 
increasing physical activity in adolescent 
boys and girls.   
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Evaluation of a 2-year physical activity and healthy
eating intervention in middle school children

Leen Haerens1*, Benedicte Deforche1, Lea Maes2, Greet Cardon1,
Veerle Stevens3 and Ilse De Bourdeaudhuij1

Abstract

The aim of the present study was to evaluate the
effects of a middle school physical activity and
healthy eating intervention, including an envi-
ronmental and computer-tailored component,
and to investigate the effects of parental in-
volvement. A random sample of 15 schools with
seventh and eight graders was randomly as-
signed to one of three conditions: (i) interven-
tion with parental involvement, (ii) intervention
alone and (iii) control group. In 10 schools, an
intervention, combining environmental changes
with computer-tailored feedback, was imple-
mented over 2 school years. In five intervention
schools, increased parental support was added.
Physical activity was measured with ques-
tionnaires in the total sample and with accel-
erometers in a sub-sample of children. Fat
intake, fruit, water and soft drink consumption
were measured using food-frequency question-
naires. Results showed significant positive in-
tervention effects on physical activity in both
genders and on fat intake in girls. Parental
involvement did not increase intervention ef-
fects. It can be concluded that physical activity
and eating behaviours of middle school children
can be improved by school-based strategies

combining environmental and personal inter-
ventions. The use of personalized computer-
tailored interventions seems to be a promising
tool for targeting adolescents but needs to be
further explored.

Introduction

Overweight and obesity among children and ado-

lescents has increased alarmingly and has become

a serious public health problem [1]. Factors nega-

tively affecting the energy balance, such as low

levels of physical activity [2] and unhealthy eating

behaviours [3], are associated with a higher prev-

alence of overweight or obesity. Therefore, there is

a need for effective intervention programmes pro-

moting physical activity and healthy eating in

children and adolescents.

Children and adolescents spend high amounts of

time at school and the school environment is

recognized as having a powerful influence on their

physical activity [4, 5] and eating [6, 7] behaviours.

Through schools, a direct link can also be estab-

lished with the home environment. Parental influ-

ences are important determinants of adolescents’

physical activity behaviours [8–10] and their con-

sumption of healthy food products [11].

To date, many interventions have been delivered

through elementary schools [2, 12] and only few

through middle schools. In these studies the surplus

effects of involving the parents have not been

investigated [12]. However, declines in physical

activity and unhealthy eating patterns are especially

clear during adolescence and are likely to persist

into adulthood [13–16].
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The health education programme ‘Planet

Health’, a 2-year intervention targeting both phys-

ical activity and healthy eating in middle school

children, was not effective in increasing physical

activity in boys and girls. However, this programme

was effective in increasing fruit and vegetable

consumption in girls, but not in boys [17]. M-

span was aimed at increasing physical activity and

increasing lower fat food choices by using envi-

ronmental, policy and social interventions [18].

This intervention resulted in increased physical

activity in boys, but no effects on fat intake at

school were found [18].

The present intervention was unique in com-

bining changes in the school environment with

education through interactive computer-tailored

feedback. Computer-tailored feedback is a new

health education strategy and was found to be

effective in increasing physical activity and de-

creasing fat intake in adults [19]. Additionally, one

study in middle school pupils already demonstrated

the positive effects of an Internet/video-tailored

intervention for increasing physical activity and

decreasing fat intake [20]. Due to the increased

personal relevance of tailored feedback, these

interventions are supposed to be more effective

than general classroom curricula.

The purpose of this study was to evaluate the 2-

year effects of an intervention, targeting physical

activity and healthy eating in middle schools. The

intervention was designed in such a way that later

implementation in all Flemish schools would be

feasible. This implicates that the intervention was

designed to be implemented by the school staff

themselves without external financial, material or

organizational support. However, during the first

intervention year, guidance and support was pro-

vided to help schools getting started. The results

after the first intervention year were promising with

increased physical activity levels in both boys and

girls (L. Haerens, B. Deforche, L. Maes et al., in
preparation) and decreased fat intake in girls [21].

The second year of intervention was aimed at

continuation, external guidance was minimized

and schools had to implement the intervention

topics independently. Therefore, it was hypothe-

sized that the second intervention year per se would
not lead to additional intervention effects but that

positive intervention effects found after 1 year of

intervention would be maintained after 2 years of

intervention. Additionally, it was hypothesized that

involvement of the parents would remain important

for intervention effects on fat intake in girls, as was

found after 1 year of intervention.

Methods

Procedure and sample

A random sample of 15 schools out of the 65

schools with technical and vocational education in

West Flanders (Belgium) was selected to participate

in this study. The 15 schools were randomly

assigned to one of the intervention or control

conditions: intervention with parental involvement

(n = 5, 1226 pupils), intervention alone (n = 5, 1006

pupils) and control condition (n = 5, 759 pupils).

The parents of 2840 (95%) of the 2991 pupils in

seventh and eight grades signed an informed

consent in which authorization was provided for

their child to complete measurements. Data of 704

children were lost through follow-up due to absence

at measurements, children changing school or

questionnaires filled out inaccurately. Table I

presents the baseline and follow-up data of the

sample.

From each of the 15 schools, one class of seventh

graders was randomly selected for more in-depth

measurement of physical activity with accelerom-

eters. This resulted in a sub-sample of 258 children.

The study protocol was approved by the Ethical

Committee of the Ghent University.

Measurements

Measures were assessed at the beginning of the first

school year (Pre-test: September 2003), assessed at

the end of the first school year (Post 1: May–June

2004) and repeated at the end of the second school

year (Post 2: May–June 2005). All measurements

took place at school and questionnaires were filled

out under supervision of teachers.

L. Haerens et al.
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Physical activity questionnaire

Physical activity levels were determined using self-

administrated questionnaires based on the Flemish

Physical Activity Questionnaire (FPAQ). Data on

demographics were collected in the first part of the

questionnaire. An estimate of higher and lower

social economic status (SES) was obtained by

classifying the occupation of the father and mother

into white- and blue-collar [22].

A second part evaluated physical activity levels

of children. To assess an index of school-related

physical activity, minutes spent in active trans-

portation to school and in extracurricular physical

activity at school were computed. By adding up

time spent in leisure time active transportation and

leisure time sports, a ‘leisure time physical activity

(LTPA) index’ was created. In a separate study,

Philippaerts et al. [23] reported moderate to high

reliability of the FPAQ for indexes used in the

present study. Test–retest intra-class correlation

coefficients exceeded 0.70. To obtain validity

measures, data from questionnaires were correlated

to data derived from accelerometry. Pearson corre-

lations were significant and ranged between 0.43

and 0.79, indicating acceptable validity of the

instrument [23].

Accelerometers

Physical activity levels were also assessed by

accelerometers (Model 7164, Computer Science

Application, Inc., Shalimar, FL, USA) in the sub-

sample of 258 children. Parents of 22 children gave

no permission for their child to wear accelero-

meters. Accelerometers have shown to be valid and

reliable tools for assessment of physical activity in

children [24–26].

Children wore the accelerometer for 6 days

above the right hip-bone, underneath the clothes.

Accelerometers were set to measure activity counts

in an epoch time of 1 min. Most recently published

studies support cut-offs around 3000–3500 for

moderate to vigorous physical activity (MVPA)

[24, 27]. Cut-off points used in the present study

were 0, <800, <3200 and >3200 for inactive,

sedentary, light and moderate to vigorous minutes,

respectively [24].

Children were asked to register in a diary each

activity performed without wearing the accelerom-

eter. The physical activity index of moderate to

vigorous intensity was inflated by physical activi-

ties reported in the diaries.

Fat intake

Fat intake was measured with a self-administered

questionnaire developed at the Ghent University

together with the Flemish Institute for Health

Promotion [28]. Questionnaires were validated in

a separate study and were found to be sufficiently

reliable and valid as compared with dietary records

[28]. The questionnaire consisted of 48 items,

Table I. Descriptive characteristics (percentages or means and standard deviations) for baseline sample and 2-year post-sample

Baseline sample

(n = 2840), mean 6 SD

2-year post-sample

(n = 2287), mean 6 SD

Drop-out (n = 704),

mean 6 SD

Fdrop-out

Age (years) 13.1 6 0.8 13.0 6 0.8 13.4 6 0.8 13.0***

% Girls 36.6 6 48.2 38.1 6 48.6 31.8 6 46.6 0.2

% Overweight 18.5 6 38.8 18.6 6 38.9 18.2 6 38.6 0.1

% Higher SES 32.6 6 46.9 33.1 6 47.1 30.7 6 46.2 0.2

School PA (min/day) 16.8 6 16.5 17.2 6 16.5 15.3 6 16.7 0.5

LTPA (min/day) 68.0 6 49.2 73.1 6 49.3 67.2 6 50.4 0.2

Fat (g/day) 116.1 6 50.3 114.1 6 49.7 123.2 6 52.0 2.8

Fruit (pieces/week) 5.4 6 5.4 5.5 6 5.4 5.1 6 5.3 0.3

Water (glasses/day) 3.3 6 2.7 3.4 6 2.6 3.2 6 2.7 0.2

Soft drink (glasses/day) 3.1 6 2.5 3.0 6 2.4 3.5 6 2.7 4.7*

PA = physical activity; LTPA = leisure time physical activity.
***P < 0.001, *P < 0.05.
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representing all important sources of fat in the

Belgian diet. Pupils were asked how often they

consumed these products during usual days, weeks

or months. A coefficient was calculated, represent-

ing fat content and portion size of each product.

This coefficient was multiplied by the frequency of

consumption, leading to fat intake score for each

food item. Summation of all food items’ fat intake

scores lead to the total fat intake score and this was

expressed in percent energy from fat [28].

Fruit, water and soft drinks

Food-frequency questionnaires adapted from the

validated questionnaire used in the Health Behav-

iour in School-aged Children study [29] were used

to assess fruit, water and soft drink consumption.

Intervention

A school-based intervention programme to promote

healthy food and physical activity over 2 school

years (October 2003–June 2005) was developed.

The intervention was designed to be implemented

by the school staff itself with only minimal external

support to make later implementation in all Flemish

schools feasible. During the first intervention year,

schools were guided and supported by the research

staff to get started; during the second intervention

year, schools had to continue with implementation

more independently.

Work group

In each of the intervention schools, a work group

was set up. At the beginning of the first intervention

year, work group members received background

information and guidelines on how to address

intervention topics. An intervention manual and

educational material were made available. Every 3

months, a 1-hour work group meeting was planned

to evaluate implementation and plan further actions.

Physical activity

The physical activity intervention focused on in-

creasing levels of MVPA to at least 60 min a day

[30]. In the present study, schools were encouraged

to create more opportunities to be physically active

during breaks, at noon or during after school hours.

Schools were encouraged to vary content of

physical activities offered in order to reach all

pupils. Organization of non-competitive activities

was encouraged to increase engagement of less

talented children.

Additionally, extra sports materials were made

available. Every school received an intervention

box with sports materials like ropes, balls and beach

ball sets. Schools were encouraged to make these

sports materials available during breaks, at noon

and during after school hours. Schools were also

stimulated to encourage active transportation.

At the personal level, children received a physical

fitness test and an adaptation of the adult computer-

tailored intervention for physical activity [31]. The

physical fitness test took place once, at the begin-

ning of the second intervention year. During

classes, all children had to cycle for 10 min on

a computerized cycle ergometer. By means of

folders, information was given on their fitness

levels and possible ways to improve it.

By using CDs, the computer-tailored interven-

tion was completed once each school year during

one class hour. First children had to fill out

questions on the computer screen. The first part of

questions concerned demographic factors. The

second part consisted of a school-based adaptation

of the International Physical Activity Questionnaire

[31] to measure physical activity. Final questions

concerned psychosocial determinants of physical

activity behaviours. After completing all questions,

tailored feedback was displayed immediately on the

screen. First, a general introduction and normative

feedback was presented. Normative feedback re-

lated children’s activity levels to current physical

activity recommendations for adolescents [30].

Based on the theory of planned behaviour [32],

children got tailored feedback about their inten-

tions, attitudes, self-efficacy, social support, knowl-

edge, benefits and barriers related to physical

activity. The transtheoretical model [33] was used

for matching content and approach of this feedback

to the stages of changes in the same way as with the

adult version [31]. Overall, an active lifestyle and

participation in sports activities was promoted in an

advice of five to six pages. Children could either

L. Haerens et al.
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save the advice on the computer or in some cases

immediately print feedback. Afterwards, they had

to complete a task with questions concerning their

advice.

Food

In the same way as in the physical activity in-

tervention, eating habits were targeted by both

environmental and personal approaches. The food

intervention focused on three behavioural changes:

(i) increasing fruit consumption to at least two

pieces a day, (ii) reducing soft drink consumption

and increasing water consumption to 1.5 l a day and

(iii) reducing fat intake. To facilitate fruit consump-

tion, schools were asked to sell fruit at school at

very low price or for free at least once a week. It

was also suggested to offer fruit for dessert during

lunch break. Furthermore, schools tried to promote

drinking water as opposed to soft drinks, by

offering it for free by means of drinking fountains

or at lower price than soft drinks in shops or

vending machines. Children received additional

information about health consequences of eating

fruit as opposed to snacks and of drinking water

rather than soft drinks by means of folders and

posters.

Every school year, children got an adaptation of

the adult computer-tailored intervention for fat

intake during one class hour [28]. Questionnaires

concerning demographics, fat intake [28], fruit

intake [29] and psychosocial determinants of fat

intake lead to a tailored fat advice and normative

feedback for fruit intake. In the same way as in the

physical activity advice, feedback was based on the

theory of planned behaviour [32] and the trans-

theoretical model [33].

Parent involvement

The goal of parent involvement was to create

a supportive environment for healthy behaviours

outside school. Schools were asked to invite parents

at school for an interactive meeting on healthy food,

physical activity and the relationship with over-

weight and health. Three times a year, information

on healthy food and physical activity was published

in school papers and newsletters for parents. In

addition, parents received a free CD with the adult

computer-tailored intervention for fat intake and

physical activity [28, 31] for use at home. Through

an informative folder, parents were informed that

their child completed the same computer-tailored

programme. They were asked to discuss results

together and to give their child support to create

a healthier lifestyle, if necessary.

Statistical analyses

Data were analysed using SPSS 12.0. Preliminary

analyses consisted of descriptive statistics of sam-

ple characteristics. Linear mixed models on base-

line demographics and behaviours were used to

conduct drop-out analyses with group (participating

and not participating at follow-up) entered as

a factor.

To assess effects of the second intervention year

per se, linear mixed models were applied on 2-year

post-measures of physical activity and eating

behaviours, co-varying for 1-year post-measurements

(Post 1–Post 2). To assess 2-year post-intervention

effects, linear mixed models were then repeated,

co-varying for pre-test values (Pre–Post 2). Since

1-year post-intervention effects showed clear gen-

der differences, all analyses were applied in boys

and girls separately. Condition (intervention–

control) was entered as a factor into the models.

Schools were nested within condition to take into

account possible school variance. All analyses were

adjusted for age and SES. To assess specific

differences in effects between intervention with

parental involvement and intervention without

parental involvement, linear mixed models analyses

were repeated. P values <0.05 were considered as

statistically significant.

Results

Sample characteristics and drop-out
analysis

Drop-out analyses comparing baseline demo-

graphic and behavioural characteristics of pupils

participating and not participating at follow-up

showed few significant differences (see Table I).

Physical activity and healthy eating intervention
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Pupils not participating at follow-up were signifi-

cantly older and consumed significantly more soft

drinks then pupils participating at follow-up.

Intervention effects

Effects of the second intervention year (FPost 1–Post 2)
on physical activity and eating behaviours are

presented in Table II for boys and Table III for

girls. No significant increase or decrease of the

intervention effects on physical activity and eating

behaviours was found as a result of the second

intervention year per se (FPost 1–Post 2). Further

analyses exploring effects of parental involvement

on fat intake in girls showed that there were no

significant differences between the intervention

with parental support and that without parental

support (F = 0.4, P = 0.6).

Two-year post-intervention effects (FPre–Post 2)

are also presented in Table II for boys and Table III

for girls. In boys, significant 2-year post-baseline

intervention effects on levels of physical activity,

but not on eating behaviours, were found. School-

related physical activity increased significantly

more in the intervention groups compared with

the control group (P < 0.05). Accelerometer data

revealed a trend for significant lower decreases in

physical activity of light intensity in the interven-

tion groups (�6 min/day) compared with the

control group (�39 min/day, P < 0.001). Where

time spent in MVPA remained stable in the in-

tervention group, it significantly decreased (�18

min/day) in the control group (P < 0.05).

In girls, significant 2-year post-baseline inter-

vention effects were found for both physical

activity and eating behaviours. In girls, the physical

activity intervention was effective in preventing

decreases in physical activity of light intensity.

Time spent in physical activity of light intensity

decreased significantly less in the intervention

groups (�2 min/day) compared with the control

group (�20 min/day, P < 0.05). Decreases in fat

intake and percent energy from fat were signifi-

cantly higher in the intervention groups (�20 g/

day) when compared with the control group (�10

g/day, P < 0.05). In the same line, percentage of

energy taken from fat significantly decreased with

9% in the intervention group and with 5% in the

control group (P < 0.001).

Discussion

The purpose of the present study was to evaluate 2-

year post-intervention effects of a middle school

physical activity and healthy eating intervention.

After 1 year of intervention, positive effects on

self-reported school-related physical activity and

physical activity measured with accelerometers

were found in both boys and girls (L. Haerens,

B. Deforche, L. Maes et al., in preparation) and in

girls fat intake was significantly decreased [21].

The goal of the second intervention year was the

continuation of initiatives which were implemented

during the first school year. During this second

year, more autonomy was given to the schools. This

increase in autonomy and decrease in external

guidance and support from research staff were

aimed at creating a ‘real-life situation’ in which

schools can take over the intervention themselves

after 1 year of support. Hence, it was hypothesized

that the second intervention year would not lead

to additional positive outcomes but we hoped that

positive intervention effects on physical activity

and fat intake would be sustained. In line with the

hypotheses, positive effects found after 1 year of

intervention were sustained after 2 years of in-

tervention and the second intervention year did not

result in an increase or decrease of intervention

effects.

After 2 years of intervention, positive effects on

physical activity levels measured with accelerom-

eters were found. The intervention remained effec-

tive in preventing decreases in physical activity of

light intensity in both genders. Even more impor-

tant is that positive effects on MVPA in boys

remained, since participation in MVPA is more

essential for improved health and weight control

[13]. In boys of the intervention group, participa-

tion in MVPA remained stable over 2 school years,

while in boys of the control group, time spent in

MVPA gradually decreased. Also in girls, time

spent in MVPA increased after 2 school years of

L. Haerens et al.
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intervention, but this increase was also seen in the

control group. Increases in MVPA as found in girls

of the control group are against expectations, since

literature states that physical activity declines with

age [15].

Increases in self-reported school-related physical

activity were sustained after 2 school years. These

results reflect that the schools were able to continue

with promotion of physical activity autonomously.

Implementation of the physical activity intervention

in Flemish secondary schools with technical and

vocational education should be recommended. In

addition, more research is needed to find out if

the upper limit for promotion of physical activity

at school is reached or if additional input should

be given to schools. Especially in girls, time spent

in school-related physical activity remained rather

low.

However, the school is not the only institute

responsible for the promotion of physical activity

Table II. Pre and post values of PA and eating behaviours in boys

Pre (mean 6 SD) 1-year post (mean 6 SD) 2-year post (mean 6 SD) FCondition

FPost 1–Post 2 FPre–Post 2

Self-reported behaviours (n)

School PA (min/day)

I (943) 18.3 6 18.7 25.9 6 21.3 25.2 6 21.4 0.1 3.4*

C (214) 22.6 6 14.8 22.8 6 16.2 23.8 6 16.5

LTPA (min/day)

I (943) 79.6 6 53.0 73.3 6 53.6 81.7 6 56.1 3.1 2.5

C (214) 70.7 6 46.3 65.7 6 44.8 86.1 6 56.9

Fat (g/day)

I (1005) 126.2 6 52.3 123.3 6 58.3 123.5 6 58.0 0.1 0.1

C (214) 115.9 6 50.2 112.8 6 50.2 117.2 6 49.1

% Energy from fat

I (803) 41.2 6 17.5 38.7 6 17.4 34.3 6 16.2 1.3 0.2

C (188) 39.6 6 16.9 38.4 6 17.0 34.6 6 14.4

Fruit (pieces/week)

I (966) 4.9 6 5.1 4.6 6 4.9 4.7 6 5.1 5.4* 3.5

C (227) 6.4 6 6.0 5.8 6 5.3 6.4 6 5.4

Soft drinks (glasses/day)

I (999) 3.4 6 2.5 3.6 6 2.7 3.5 6 2.8 1.0 0.5

C (213) 2.5 6 2.3 2.7 6 2.5 2.7 6 2.5

Water (glasses/day)

I (1000) 3.2 6 2.7 3.6 6 2.8 3.7 6 3.0 0.0 0.1

C (213) 3.7 6 2.5 4.1 6 2.8 3.9 6 2.6

Accelerometer data (n)

Sedentary (min/day)

I (51) 539.6 6 62.5 518.5 6 58.6 525.4 6 55.2 0.1 0.0

C (12) 530.9 6 39.1 490.8 6 63.7 521.5 6 60.7

Light (min/day)

I (51) 121.6 6 29.6 118.3 6 26.5 115.3 6 30.7 1.1 8.6***

C (12) 138.5 6 29.3 113.3 6 39.1 99.6 6 28.9

MVPA (min/day)

I (51) 33.9 6 19.3 32.1 6 26.4 34.6 6 26.2 0.1 3.5(*)

C (12) 53.4 6 19.0 42.1 6 28.1 35.0 6 14.0

PA = physical activity; I = intervention group; C = control group; LTPA = leisure time physical activity; MVPA = physical
activity of moderate to vigorous intensity.
***P < 0.001, *P < 0.05, (*)P < 0.08.
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in youth; physical activity promotion should be

a shared responsibility between school, family and

community. Especially for increasing LTPAs, ef-

forts from schools alone do not appear to be

sufficient. School-based strategies implemented

during the first year were indeed not effective in

increasing LTPA. During the second intervention

year, LTPA increased in boys and girls of both the

intervention and control group. These increases

against expectations could reflect some reporting

bias. It is possible that children over-reported their

physical activity levels because they knew they

were being studied. This is corroborated with the

findings of the accelerometer data that indicated

declines in physical activity where the data from the

self-reports showed a general increase.

In line with our hypothesis, intervention effects

on eating behaviours remained stable after the

Table III. Pre and post values of PA and eating behaviours in girls

Pre (mean 6 SD) 1-year post (mean 6 SD) 2-year post (mean 6 SD) FCondition

FPost 1–Post 2 FPre–Post 2

Self-reported behaviours (n)

School PA (min/day)

I (437) 12.7 6 13.0 17.6 6 15.9 16.3 6 15.6 3.0 0.3

C (336) 16.5 6 12.2 16.6 6 12.1 17.7 6 13.7

LTPA (min/day)

I (437) 51.4 6 37.2 51.0 6 37.8 60.8 6 40.0 0.2 0.7

C (336) 52.9 6 39.1 49.1 6 34.7 61.6 6 41.8

Fat (g/day)

I (447) 99.1 6 40.7 84.3 6 32.8 79.2 6 33.0 1.2 5.8*

C (340) 95.6 6 37.3 91.4 6 35.1 85.5 6 34.8

% Energy from fat

I (387) 38.7 6 16.1 32.0 6 12.9 29.5 6 13.0 2.2 13.3***

C (289) 36.7 6 14.5 34.5 6 13.9 31.8 6 12.9

Fruit (pieces/week)

I (421) 5.4 6 5.0 5.7 6 5.1 5.8 6 5.6 1.9 1.1

C (330) 6.7 6 5.8 6.2 6 5.2 6.6 6 5.7

Soft drinks (glasses/day)

I (437) 2.8 6 2.2 2.6 6 2.2 2.3 6 2.1 0.0 0.0

C (341) 2.4 6 2.1 2.3 6 2.2 2.1 6 2.1

Water (glasses/day)

I (437) 3.5 6 2.6 3.7 6 2.6 3.8 6 2.8 0.1 0.5

C (341) 3.6 6 2.5 3.7 6 2.7 4.0 6 2.8

Accelerometer data

Sedentary (min/day)

I (41) 548.1 6 55.1 529.7 6 67.8 530.6 6 64.7 2.3 0.9

C (36) 562.8 6 63.2 527.1 6 62.0 549.7 6 65.8

Light (min/day)

I (41) 109.9 6 30.5 102.5 6 24.7 107.7 6 31.2 1.2 4.6*

C (36) 115.0 6 32.4 90.6 6 23.6 95.4 6 26.7

MVPA (min/day)

I (41) 20.5 6 17.7 25.5 6 20.6 24.8 6 13.6 0.1 0.1

C (36) 18.7 6 12.7 19.1 6 15.7 22.9 6 21.8

PA = physical activity; I = intervention group; C = control group; LTPA = leisure time physical activity; MVPA = physical
activity of moderate to vigorous intensity.
***P < 0.001, *P < 0.05.
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second year of intervention. The intervention was

still not effective in decreasing fat intake in boys. In

both the intervention and control group, absolute fat

intake remained stable over 2 school years. De-

signing effective interventions to target fat intake

in boys is a challenge for the future.

In girls, positive 1-year post-intervention effects

on fat intake were sustained after 2 years of in-

tervention. During the second intervention year, fat

intake further decreased, and after 2 years of in-

tervention, mean fat intake decreased with an aver-

age decrease of 20 g/day. Fat intake decreased

with, on average, 10 g/day less in the control group.

Fat intake was the only eating behaviour that was

targeted by personalized computer-tailored feed-

back. It is therefore assumed that the personalized

computer-tailored feedback was an indispensable

intervention component for addressing fat intake in

girls. Computer-tailored interventions are easy to im-

plement: pupils can work through the programme

independently and no prior teacher training is re-

quired. Hence, investigating the independent effect

of the computer-tailored intervention is a priority for

future research.

There were no positive intervention effects on

fruit, soft drink and water consumption. These

findings were in line with expectations, since the

same intervention strategies used during the first

intervention year were maintained during the second

intervention year. Results suggests that creating

a real-life situation in which both unhealthy and

healthy alternatives are available is not sufficient to

promote the consumption of fruit and water. Pre-

vious studies indeed revealed that pupils are more

likely to consume soft drinks every day if soft drinks

are available at school [7]. Our experiences learned

that the huge incomes secondary schools receive

from shops and vending machines were used as a

motive for school boards to neglect the importance

of a healthy school environment. Governmental

laws restricting availability of unhealthy food prod-

ucts within school environments could be required

to create healthy school environments.

Next to the school, the home is a fundamental

part of adolescents’ living environment. Parents are

influencing adolescents’ physical activity and eating

behaviours considerably [9–11]. In the present study,

an extra intervention condition was created in which

home-based involvement of parents was aimed at.

During the first intervention year, parents received

a free CD with the adult computer-tailored interven-

tion for physical activity and fat intake to complete

at home. One-year post-results showed that parental

support was important to find decreases in fat intake

in girls. In contrast to the hypothesis, after 2 years

of intervention, fat intake decreased similarly in girls

of the intervention group with and without parental

support. The lack of process evaluation data on levels

of parental involvement, which is a limitation of

the present study, makes it hard to draw conclusions.

It is not clear whether there were no additional ef-

fects of increased parental support or whether par-

ental support was not sufficiently increased during

the second intervention year. The adult computer-

tailored intervention was provided during the first

intervention year, and during the second intervention

year, parents were only involved through correspon-

dence in school papers and newsletters.

Some additional study limitations need to be

addressed. After 2 school years, therewas a relatively

high percentage (25%) of drop-outs. However, these

drop-outs were not selective for this study, as all

students present at the moment of data gathering did

participate. Moreover, drop-outs did not differ from

follow-up participants for most baseline character-

istics: they were only somewhat older and consumed

more soft drinks at baseline. A second limitation is

the self-reported character of the measurements of

dietary intake and physical activity, resulting in

possible reporting errors [34]. Finally, in the present

study, effects of the whole-school intervention were

evaluated. Isolated effects of personalized tailored

interventions for physical activity and eating behav-

iours used in the present study were not yet docu-

mented in adolescents. Since it is assumed that the

computer-tailored feedback was an indispensable

part of the intervention certainly for fat intake, this is

a priority for future research.

Strengths of the present study are the randomized

controlled design and the fact that the intervention

was implemented by the school staff itself which

makes implementation in all Flemish schools feasible.

Physical activity and healthy eating intervention

919



Chapter 2.3  Original Research 
   

137 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In conclusion, physical activity and eating be-

haviours of middle school children can be improved

by school-based strategies combining environmen-

tal and personal interventions, implemented by the

school staff itself.
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Diet and Physical Activity

Body Mass Effects of a Physical Activity and
Healthy Food Intervention in Middle Schools
Leen Haerens,* Benedicte Deforche,* Lea Maes,† Veerle Stevens,‡ Greet Cardon,* and
Ilse De Bourdeaudhuij*

Abstract
HAERENS, LEEN, BENEDICTE DEFORCHE, LEA
MAES, VEERLE STEVENS, GREET CARDON, AND
ILSE DE BOURDEAUDHUIJ. Body mass effects of a
physical activity and healthy food intervention in middle
schools. Obesity. 2006;14:847–854.
Objective: To evaluate the effects of a 2-year middle school
physical activity and healthy food intervention, including an
environmental and computer-tailored component on BMI
and BMI z-score in boys and girls.
Research Methods and Procedures: A random sample of
15 schools with seventh and eighth graders was randomly
assigned to three conditions: an intervention with parental
support group, an intervention-alone group, and a control
group. Weight and height were measured at the beginning
and end of each school year to assess BMI and BMI z-score.
A physical activity and healthy food program was imple-
mented over 2 school years.
Results: In girls, BMI and BMI z-score increased signifi-
cantly less in the intervention with parental support group
compared with the control group (p � 0.05) or the inter-
vention-alone group (p � 0.05). In boys, no significant
positive intervention effects were found.
Discussion: This was the first study evaluating the effec-
tiveness of an intervention combining environmental
changes with personal computer-tailored feedback on BMI
and BMI z-score in middle school children. After 2 school
years, BMI and BMI z-score changed in a more positive
direction in girls as a result of the intervention with parental
support.

Key words: overweight, tailored advice, environment,
children, prevention

Introduction
Because childhood overweight and obesity has become a

serious health problem among children and adolescents
(1,2), there is an urgent need for effective primary preven-
tion interventions aimed at increasing physical activity and
promoting healthy foods in youth. The school environment
is recognized as having a powerful influence on students’
eating (3,4) and physical activity (3,5) behaviors, and
through schools, parents can be involved in interventions.
Results from previous school-based primary prevention in-
terventions that included at least a dietary and a physical
activity component revealed that some studies in elementary
schools were effective in changing physical activity or food
behavior (6–8). However, few of these studies were effec-
tive in changing body weight and adiposity in children (8,9).
In addition, few school-based intervention studies were
conducted in middle school children. The Planet Health
study (10), a 2-year intervention study aimed at promoting
a healthy lifestyle within a classroom curriculum, was ef-
fective in reducing the prevalence of overweight in girls, but
not in boys. M-span (11), a 2-year environmental interven-
tion focused on healthy eating, physical activity, and paren-
tal involvement, was effective in reducing BMI in boys, but
not in girls. Most of the previous school-based intervention
studies used a classroom curriculum. Other studies used
multicomponent interventions by combining a classroom
curriculum with some environmental changes (8–10). How-
ever, it could be argued that greater effects could be
achieved if these generic classroom interventions were sup-
ported by personalized interventions. However, reaching
every child at an individual level is very expensive and time
consuming. Hence, the use of computer-tailored interven-
tions can be a promising intervention strategy (12). By using
a CD or the Internet, it is possible to bring a personal
intervention program into the classroom (13). Adolescents’
physical activity behaviors (14) and especially adolescents’
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eating behaviors (15,16) are influenced by the family envi-
ronment. Therefore, it is assumed that parental involvement
will increase intervention effects. However, in previous
studies targeting adolescents, no comparisons were made
between interventions, with and without parental support
(8).

Therefore, the purpose of the present study was to eval-
uate the effectiveness of a 2-year middle school physical
activity and healthy food intervention, including an envi-
ronmental and a computer-tailored component. It was hy-
pothesized that BMI and BMI z-score would decrease or
increase less in the intervention groups when compared with
the control group, and involvement of the parents would
increase the effectiveness of the intervention.

Research Methods and Procedures
Subjects

The present study is a clustered randomized controlled
trial. Because of the higher prevalence of overweight and
obesity in schools offering technical or vocational training,
a random sample of 15 schools of the 65 schools with
technical and vocational education in West-Flanders (Bel-
gium) was selected to participate in this study. The 15
schools were randomly assigned to the intervention or con-
trol conditions: intervention with parental support (n � 5;
1226 pupils), intervention alone (n � 5; 1006 pupils), and a
control condition (n � 5; 759 pupils). The randomization at
school level caused variability in size of the groups.

A priori power analyses were conducted to create a strong
study design. The analyses showed that an n � 300 in each
group was sufficient to power the study at 0.8 and to detect
a difference of 0.3 in BMI, given the 0.05 level of signifi-
cance (�-error). To account for possible drop out and to
make afterwards analyses within subgroups possible, larger
samples were provided.

The parents of all pupils in seventh and eighth grades
received an informed consent form in which authorization
was requested for their child’s weight and height to be

measured. The parents of 151 (5%) children did not give
permission for their child to participate in this study. This
resulted in a sample of 2840 11- to 15-year-old boys and
girls within 15 schools. Table 1 presents the baseline data of
the sample according to condition. The study protocol was
approved by the Ethical Committee of the University Hos-
pital of Ghent University.

Measurements
Primary Outcome Measures. Measures were performed

at the beginning (September 2003) and at the end of the
school year 2003 to 2004 (May/June 2004) and were re-
peated at the end of the school year in 2004 to 2005
(May/June 2005). Weight and height were registered in light
clothing and bare feet. Weight was assessed to the nearest
0.1 kg (maximum 200 kg; seca, Hanover, MD). Height to
the nearest millimeter was measured using a wall-mounted
stadiometer. Children were asked to stand straight, with
their heels against the wall. BMI was calculated by dividing
the weight (kilograms) by the height (meters) squared. Two
pupils were absent on the days of measurements in Septem-
ber 2003. At the end of the 1st and 2nd school years,
respectively, 150 and 336 pupils were absent or had
changed schools. BMI z-scores were calculated on the basis
of the Flemish reference data (17) using the LMS method
(18,19). BMI z-scores provide a relative measure of adipos-
ity adjusted for age and time between baseline and follow-
up. A z-score is the number of standard deviation units that
a person’s BMI has deviated from a mean or reference
value. Therefore, a positive change in z-score indicates an
increase in relative BMI, and a negative change indicates a
decrease in relative BMI.

Demographic factors like birth date, gender, and occupa-
tion of father and mother were assessed using a self-admin-
istered questionnaire that was filled out at school under
supervision of a teacher. An estimate of social economical
status of the family was obtained by classifying occupation
of the father and mother into white or blue collar.

Table 1. Mean values at baseline in the total group and the three conditions

Total group (n � 2840)
(mean � SD)

I � P (n � 1226)
(mean � SD)

I (n � 1006)
(mean � SD)

C (n � 759)
(mean � SD)

Age (years) 13.06 � 0.81 13.04 � 0.79 13.24 � 0.87 12.85 � 0.71
Girls (%) 36.6 40.1 15.6 58.8
Lower SES (%) 67.5 68.0 78.9 52.4
BMI (kg/m2) 19.44 � 3.60 19.68 � 3.83 19.52 � 3.50 18.96 � 3.28
BMI z-score 0.09 � 1.06 0.14 � 1.10 0.13 � 1.03 �0.03 � 1.03

I � P, intervention with parents; I, intervention without parents; C, control group; SD, standard deviation; SES, socioeconomic status.
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Process Evaluation Measures. At the end of the 2-year
intervention period, one workgroup member from each in-
tervention school completed a self-administered implemen-
tation questionnaire. The questionnaire was aimed at gath-
ering information about the level of implementation of the
intervention. Teachers were asked to rate, on a five-point
scale, how much effort was made for each of the interven-
tion issues (from nothing has been done to very much has
been done). Based on these ratings, a mean total implemen-
tation score per school was calculated. Three schools were
categorized as schools with low levels of implementation
(score � 3), four schools with medium levels of implemen-
tation (3.0 � score � 3.5), and three schools had high levels
of implementation (scores � 3.5).

The Intervention
A school-based intervention program to promote healthy

food and physical activity was developed to prevent the
increasing prevalence of overweight in children. In five of
the 10 intervention schools, additional efforts were made to
involve and inform parents. The intervention was imple-
mented over 2 school years, beginning in October 2003 and
ending in June 2005. Because obesity has a multifactorial
etiology (20), the program included environmental modifi-
cations (3) and interventions on personal and social levels
related to food choices and physical activity behavior. The
aim of the intervention was to help children to create a
physically active lifestyle, together with a healthy diet.

Workgroup
In each of the intervention schools, a workgroup was

created. The members of the workgroup received back-
ground information and guidelines on how to address the
intervention topics from the intervention staff. They re-
ceived an intervention manual and educational material.
Over the 2 school years, a total of 8 contact hours between
workgroup and research staff were achieved, starting with
one meeting at the beginning of each school year and then
one meeting every 3 months. In those meetings, further
actions were planned, and prior implementation was evalu-
ated.

Physical Activity
The physical activity environmental intervention focused

on increasing levels of moderate to vigorous physical ac-
tivity to at least 60 min/d (21). Schools were encouraged to
create more opportunities to be physically active during
breaks, at noon, or after school hours. This resulted in a
weekly organization of an average 4.7 (�2.66) hours of
extra physical activities.

Schools were encouraged to vary the content of the
physical activities offered to reach all pupils. The organi-
zation of non-competitive activities was encouraged to in-

crease the engagement of less skilled children. On average,
56% (18% to 100%) of all children participated in these
activities.

Additionally, extra sports materials were made available.
Every school received an intervention box with sports ma-
terials such as ropes, Frisbees, balls, beach ball sets, etc.
Sports materials were made available during breaks (1 of 10
schools), at noon (6 of 10 schools), and during after school
hours (3 of 10 schools). Schools were also asked to encour-
age active participation.

Over the 2 school years, a total of 4 class hours was spent
on the promotion of physical activity at the personal level.
Children received a physical fitness test and a computer-
tailored intervention for physical activity (22). During
classes, all children had to cycle for 10 minutes on a
computerized cycle ergometer. By means of a folder, infor-
mation was given on their own physical fitness level and
possible ways to improve it. The computer-tailored inter-
vention for physical activity was completed once each
school year, during 1 class hour. First, children had to fill
out questions on the computer screen. The first part of the
survey concerned demographic factors. The second part
consisted of a school-based adaptation of the International
Physical Activity Questionnaire (22) and was used to mea-
sure physical activity. The final questions concerned psy-
chosocial determinants of physical activity behavior. After
completing all questions, tailored feedback was displayed
immediately on the screen. First, a general introduction and
normative feedback were presented. The normative feed-
back related the children’s activity levels to the current
physical activity recommendations (21). Based on the the-
ory of planned behavior (23), children got tailored feedback
about their intentions, attitudes, self-efficacy, social sup-
port, knowledge, benefits, and barriers related to physical
activity. For example, information was given on how to join
a sports club, how to increase self-efficacy, and how to
overcome their personal barriers associated with physical
activity. The Transtheoretical Model (24) was used to match
content and approach of this feedback to the stages of
changes. Pre-contemplators and contemplators received
general information. Children in the preparation stage re-
ceived more specific information on physical activity and
health and were motivated to become more active. In the
action stage, children were motivated to stay active, and in
the maintenance stage, children were told that they were
doing fine and should carry on with their healthy behavior.
Overall, an active lifestyle and participation in sports activ-
ities were promoted in an advice sheet of approximately five
to six pages. Children could either save the advice on the
computer or, in some cases, immediately print the feed-
back. Afterwards, they had to complete a task with ques-
tions concerning the advice. During the implementation
of the physical activity intervention, schools were en-

Overweight Prevention in Middle Schools, Haerens et al.
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couraged to organize extra supportive activities beyond
those planned in the intervention manual.

Food
The food intervention focused on three behavioral

changes that were supported by environmental changes:
increasing fruit consumption to at least two pieces a day,
reducing soft drink consumption and increasing water con-
sumption to 1.5 L/d, and reducing fat intake. To facilitate
fruit consumption, schools were asked to sell fruit at school
at very low prices or for free at least once a week. On
average, 69% (11% to 100%) of the pupils subscribed to the
school fruit program. It was also suggested to offer fruit as
a dessert during lunch break. Schools tried to promote
drinking water by offering it for free or at a lower price than
soft drinks. All children received a free water can to make
it possible to bring water to school. Children received ad-
ditional information through folders and posters about the
improved health consequences of eating fruit as opposed to
snacks and drinking water rather than soft drinks.

Over the 2 school years, a total of 2 class hours was spent
on the promotion of healthy eating at the personal level.
Every school year, children got the computer-tailored inter-
vention for fat intake and fruit intake during 1 class hour
(25). Questionnaires concerning demographics, fat intake
(26), fruit intake (27), and psychosocial determinants of
food choices lead to tailored fat and fruit advice. After
completing the questionnaire, tailored feedback was dis-
played immediately on the screen. Both the fat and the fruit
advice started with a general introduction, followed by
normative feedback, which related their intakes to the rec-
ommended intakes. The fat advice indicated the sources of
fat in the diet and tips were given on how to replace fatty
foods. In the same way as in the physical activity advice,
feedback was based on the Theory of Planned Behavior (23)
and the Transtheoretical Model (24). Teachers were encour-
aged to organize extra supportive activities like healthy
breakfasts, an educational game concerning the food pyra-
mid, and a poster design competition as suggested in the
intervention manual.

Parent Involvement
The goal of the parent involvement was to create a

supportive environment for healthy behaviors outside
school. Schools were asked to set up an interactive meeting
on healthy food, physical activity, and the relationship with
overweight and health. Three times a year, information on
healthy food and physical activity was published in the
school paper and newsletters for the parents. In addition, all
parents received a free CD-ROM with the adult computer-
tailored intervention for fat intake and physical activity
(22,25) to complete at home. Through an information
folder, parents were informed that their child accomplished
the same computer-tailored program at school. They were

asked to discuss the results together and to give their child
support to create a healthier lifestyle, if necessary.

Statistical Analyses
Data were analyzed using the SPSS/PC statistical pro-

gram (version 12.0 for Windows; SPSS, Inc., Chicago, IL).
Preliminary analyses consisted of descriptive statistics of
sample characteristics. �2 analyses were used to assess the
differences in levels of implementation according to the
percentage of boys and girls in the schools. Linear mixed
models on 1- and 2-year post-intervention values of weight,
height, BMI, and BMI z-score, with condition and gender
entered as factors, were used to evaluate the intervention
effects. School was nested within condition to take into
account school variance. Linear mixed models were also
used to assess difference in increase in BMI z-score accord-
ing to the levels of implementation in the 10 intervention
schools. All analyses were adjusted for baseline values, age,
and social economical status. Post hoc tests analyses were
conducted to determine differences in BMI (z-score)
changes between the conditions. p � 0.05 was considered as
statistically significant.

Results
Primary Outcome Measures

For all analyses, variance at the school level was not
significant (all z � 1.59). For the 1-year pre- to post-
differences in BMI (F � 3.75, p � 0.05), the 2-year pre- to
post-differences in BMI (F � 6.39, p � 0.01), and BMI
z-score (F � 5.70, p � 0.01), a significant gender-by-
condition interaction was found. Therefore, results are pre-
sented separately in Table 2 for boys and in Table 3 for
girls. In boys, no significant positive intervention effects
were found. In girls, after 1 year of intervention, there was
a trend for a significant lower increase in BMI in the
intervention with parental support group when compared
with the control group (F � 3.04, p � 0.08). After 2 years
of intervention, there was a significant lower increase in
BMI (F � 12.52, p � 0.05) and BMI z-score (F � 8.61, p �
0.05) in the intervention with parental support group when
compared with the control group. In addition, there was a
significantly lower increase in BMI z-score (F � 2.68, p �
0.05) and a trend for a significantly lower increase in BMI
(F � 3.42, p � 0.08) in the intervention with parental
support group when compared with the intervention-alone
group.

Process Measures
BMI z-score increased significantly more in schools with

low levels of implementation, when compared with schools
with medium (F � 5.03, p � 0.05) and high (F � 2.80, p �
0.05) levels of implementation. After 2 years of interven-
tion, BMI z-score increased with 0.12 units in the schools

Overweight Prevention in Middle Schools, Haerens et al.
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with low levels of implementation and with 0.06 and 0.09
units, respectively, in schools with medium and high levels
of implementation. In schools with low levels of implemen-
tation, 91.1% of the pupils were boys, and in schools with
medium and high levels of implementation, percentages
were 62.9% and 55.5%, respectively (�2 � 234.94, p �
0.001).

Discussion
The main purpose of this study was to evaluate the effects

of an intervention promoting physical activity and healthy
food on BMI and BMI z-score in middle school children.
The intervention was unique in combining environmental
changes with personalized computer-tailored feedback for
fat and fruit intake and physical activity. In five of the 10
intervention schools, efforts were made to involve the par-
ents. In line with our hypothesis, we found that as a result of
the intervention with parental support, BMI and BMI z-
score increased significantly less, but only in girls. Already
after 1 school year, there was a trend for a lower increase in
BMI (d � 0.22) and BMI z-score (d � 0.07) in girls. These
differences in BMI (d � 0.55) and BMI z-score (d � 0.17)
found in girls became even more clear after 2 years of
intervention. Therefore, it is assumed that the intervention

with parental support could be effective in preventing over-
weight or obesity when implemented over a longer period.
Most previous school-based interventions were not effective
in preventing increases in BMI and BMI z-score (6,8). In the
Planet Health study (10) the intervention was effective in
reducing the prevalence of overweight in 11- to 14-year-old
girls after 2 years. The prevalence of overweight was sig-
nificantly reduced in girls in the intervention schools
(�3.3%) compared with girls in the control schools
(�2.2%). In the same line, in the present study, BMI and
BMI z-score increased less in girls in the intervention with
parental support group. A longer intervention period may
even result in stronger intervention effects because differ-
ences became clearer after 2 years of intervention. Only one
previous study conducted in middle schools focused on
changing the school environment (11). The study was ef-
fective in reducing the increase in BMI (d � 0.64) in boys,
but not in girls, which is in contrast to the present study. The
reasons for the sex differences are difficult to explain. It is
possible that boys did not change their physical activity
pattern as much as girls because it is known that boys in this
population are commonly more active than girls (27). Al-
ternatively, girls could be more attuned to issues of diet and
activity (27,28) and, thus, more responsive to the messages
given by the tailored intervention. In addition, previous
research revealed that adult women were more positive

Table 2. Effects of the physical activity and healthy food interventions on anthropometrics in boys

Boys n
Pre-

(mean � SD)
1 year post-

(mean � SD)
1-year effects

(Fcondition) n
Pre-

(mean � SD) 2-year post-
2-year effects

(Fcondition)

Weight (kg)
I � P 665 48.50 � 12.16 52.58 � 12.95 NS 590 48.23 � 12.02 58.54 � 13.28 NS
I 708 49.79 � 12.23 54.15 � 12.74 611 49.85 � 12.36 60.17 � 13.06
C 278 47.28 � 11.22 51.03 � 11.84 239 46.58 � 11.04 56.63 � 11.95

Height (cm)
I � P 665 157.98 � 9.39 162.20 � 9.90 NS 590 157.76 � 9.32 168.31 � 9.34 NS
I 708 159.68 � 9.83 163.83 � 10.11 611 159.53 � 9.72 169.29 � 9.26
C 278 158.82 � 9.61 163.04 � 9.98 239 157.98 � 9.09 168.95 � 8.61

BMI (kg/m2)
I � P 665 19.24 � 3.62 19.79 � 3.64 NS 590 19.21 � 3.61 20.52 � 3.68 NS
I 708 19.32 � 3.35 19.98 � 3.35 611 19.38 � 3.41 20.86 � 3.51
C 278 18.58 � 2.91 18.99 � 2.82 239 18.45 � 2.88 19.67 � 2.89

BMI z-score
I � P 665 0.07 � 1.09 0.17 � 1.03 NS 590 0.08 � 1.09 0.16 � 1.04 NS
I 708 0.10 � 1.02 0.22 � 0.97 611 0.11 � 1.03 0.25 � 0.98
C 278 �0.07 � 0.98 �0.02 � 0.92 239 �0.11 � 0.99 �0.04 � 0.94

SD, standard deviation; I � P, Intervention with parents; I, intervention without parents; C, control group; NS, not significant.
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toward the interactive computer-tailored fat intake interven-
tion compared with men (25). The differences between
sexes suggest that different causal factors may operate
among boys and girls. Additionally, data on process mea-
sures revealed that BMI z-score increased significantly less
in schools with medium and high levels of implementation.
In schools with medium to high levels of implementation,
the percentage of boys was significantly lower than in
schools with lower levels of implementation. Therefore, the
moderating effect of sex may be a result of differences in
levels of implementation in typical boy- and girl-oriented
schools. The intervention topics could, indeed, be more
closely related to the curriculum in typical girl-oriented
schools (offering education in nursing, cooking, etc.) than in
typical boy-oriented schools (offering education in mechan-
ics, engineering, etc.).

Parents are supposed to be important role models for
health behaviors (14–16). However, in previous studies
targeting adolescents, no comparisons were made between
interventions with and without parental support (8). It is
known that parental involvement declines substantially as
children move from elementary schools through middle and
high schools (29), and it is often difficult to get parents to
participate in meetings at school. In the present study,
parents were involved at home through articles in school
papers and newsletters. Moreover, every parent received a
free CD-ROM with the adult computer-tailored intervention
for physical activity and fat intake to complete at home.
Results of the present study suggest that the involvement of
the parents was necessary for the effectiveness of the inter-
vention on adiposity indices in girls.

The present study is a clustered randomized controlled
trial, with a high participation rate (95%), that followed
children for 2 school years. In this study, an objective
weight-related outcome measure was included. To our
knowledge, this is the first study aimed at changing food
and physical activity behavior by changing the school en-
vironment combined with the use of a computerized tailored
intervention that was effective in reducing the increase in
BMI and BMI z-score in girls. Based on the results of this
study, we can conclude that environmental and personal
interventions to promote healthy food and physical activity
in middle schools had a positive effect on adiposity indices
in girls, but not in boys. There was already a trend for
significant intervention effects after 1 school year, and these
positive effects became significant after 2 school years.
Involvement and support of the parents was necessary to see
effects in girls. Further studies are necessary to determine
which components of the intervention are crucial in yielding
significant effects, although it is hypothesized that it is the
multicomponent nature of the intervention that caused its
effectiveness. Designing interventions that are effective in
boys is a challenge for the future.
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Explaining the effect of a 1-year intervention promoting physical activity in middle 
schools: a mediation analysis. 
 
Abstract 
Objective: The aim of the present study was to examine the mediation effect of changes in 
psychosocial determinants of physical activity (attitude, social support, self-efficacy, 
perceived benefits and barriers) on changes in physical activity. Design: One-year 
intervention study with baseline and one year post measures of physical activity habits and 
psychosocial correlates. Setting: 15 middle schools  
Subjects: 2840 11 to 15 year old boys and girls completed the validated questionnaires during 
class hours. Results: The Freedman-Schatzkin difference-in-coefficients test was used to 
asses the mediating effect. The first series of regressions showed that the intervention was 
effective on all 5 physical activity indexes (p<0.01). The second series of regressions revealed 
a significant mediation effect of self-efficacy (p>0.01) and of social support (p<0.01) for all 
physical activity indexes. As this mediation was partial, this means that the physical activity 
intervention resulted in a direct effect on physical activity patterns, as well as in an indirect 
effect through changing self-efficacy and social support. No mediation effect was found for 
affective attitudes, perceived benefits and perceived barriers. Even a suppressor effect was 
found for attitudes.  Conclusions: Positive changes in physical activity in adolescents could 
partly be explained by increases in self-efficacy and social support through a physical activity 
intervention in middle schools. As this is one of the first true mediation analyses in this age 
group, further research is needed to replicate the importance of these mediators.  
 
Keywords: physical activity, adolescents, promotion, mediation, psycho-social correlates 
 
 
Introduction 
In all age groups health benefits of regular 
physical activity are well documented (1). 
Nevertheless a sedentary lifestyle among 
adolescents, adults and older persons is 
prevalent in almost all parts of the Western 
world (2, 3). Especially, in adolescence a 
steep decline in activity levels occurs (4). 
Therefore, adolescents seem to be an 
important group to promote maintenance 
of adequate physical activity levels or to 
encourage inactive adolescents to become 
more active.  
As interventions to encourage physical 
activity have to be based upon the most 
important processes or determinants of 
physical activity in adolescents, studying 
physical activity determinants in this age 
group is the first step to be taken. Most 
studies investigated these determinants 

based on generic theories or models such 
as Operant and Social Learning Theories 
and social-psychological theories such as 
the Theory of Planned Behavior (5, 6). 
Results of these studies showed that 
physical activity in adolescence was best 
predicted by self-efficacy, attitudes or 
beliefs, family or friend support, and 
perceived benefits and barriers (7-9). Once 
there is enough knowledge on the 
determinants of physical activity in this 
age group, a second step can be taken: the 
development and evaluation of physical 
activity interventions.  
Till now, intervention studies promoting 
physical activity in adolescents are 
relatively scarce (10, 11). The school 
environment is often considered to be the 
ideal setting for implementing these 
interventions as all students can easily be 
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reached, education can be included in the 
regular curriculum and in physical 
education courses, and schools often have 
the facilities and accommodation to 
provide opportunities for adolescents to be 
physically active (12-14). In the US, two 
intervention studies promoting physical 
activity in middle schools were executed: 
the Planet Health Study (15) and the M-
Span study (16). Results were mixed and 
often different for boys and girls. In 
Europe, good results were recently found 
in the ICAPS-study (Intervention Centered 
on Adolescents’ Physical activity and 
Sedentary behaviour) showing increases in 
activity levels in boys and girls in France 
(17). Positive results were also found in 
our own Belgian study, aimed at increasing 
activity levels in adolescents through 
middle schools (18). Results showed 
significant increases in physical activity 
levels in the intervention conditions, when 
compared to the control group in both boys 
and girls. All these interventions were 
developed based on health promotion 
planning models (19, 20). They are based 
on theories that assume that the 
intervention succeeds in changing physical 
activity behavior through changes in the 
theoretical constructs or the determinants 
that precede this behavior. However, this 
assumption is rarely tested. Very few 
studies already examined possible 
mediators in effective physical activity 
interventions (21). The question asked here 
is about the mechanisms underlying 
behavioral change: ‘how’ does the 
intervention work? From the review of 
Lewis et al. (22) on psychosocial mediators 
of physical activity behavior among adults 
and children, it was concluded that only 2 
studies executed a complete mediator 
analyses, both were in adults. A possible 
explanation of this lack of studies is that a 
full mediation analysis can only be 
executed if a true control group is 

available, if physical activity differences 
are found between the intervention and 
control groups, and if a prospective design 
is used (changes in mediators effect 
changes in outcome). All three 
requirements were met in our own Belgian 
intervention study in middle schools. By 
examining several potential mediators in 
this intervention study, we may learn 
which mediators are most effective for 
increasing physical activity in adolescents. 
In other words, it may clarify how the 
intervention worked but also it may reveal 
if the intervention was unsuccessful in 
changing potential important mediators of 
physical activity change.    
The aim of the present study was to 
examine mediation effects of changes in 
psychosocial determinants of physical 
activity (attitude, social support, self-
efficacy, perceived benefits and barriers) 
on changes in physical activity, using a 1 
year prospective intervention study in 
middle schools. As the intervention was 
developed to change all these underlying 
constructs, it was hypothesized that 
changes in these constructs would act as a 
mediator in predicting changes in physical 
activity from baseline to one year follow-
up.  
Methods 
Procedure and participants 
In the present study a random sample of 15 
schools out of the 65 Flemish schools with 
technical and vocational education in 
West-Flanders (Belgium) was selected. 
Principals of 23 schools were approached 
by telephone to obtain 15 who agreed to 
participate in the study. The 15 schools 
willing to participate were then randomly 
assigned to the intervention or control 
conditions, each with 5 schools: (a) 
Intervention with parental support, (b) 
intervention alone and (c) control 
condition.  The parents of all 2991 students 
in seventh and eight grades received an 
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informed consent form in which the 
authorization was asked for their child to 
complete measurements. The parents of 
151 (5%) students gave no permission for 
their child to participate in this study. This 
resulted in a sample of 2840 11 to 15 year 
old boys and girls within 15 schools. 
Power analyses showed that this sample 
was sufficiently large to power the study 
no less than .80 given the .05 level of 
significance. The Study protocol was 
approved by the Ethical Committee of 
Ghent University. A more detailed 
description of the sample and procedure 
was reported elsewhere (18, 23). 
Measures 
Measures were performed at the beginning 
(September 2003) and at the end of the 
school year (June 2004).  
Physical activity. Physical activity levels 
were determined, using a self-
administrated questionnaire at school, 
based on the Flemish Physical Activity 
Questionnaire (FPAQ). This questionnaire 
asked for minutes of activity of different 
types (sports, transport) and within 
different contexts (leisure time, school). 
Five indexes were computed: two type 
dependent indexes (sport, transport), two 
context dependent indexes (leisure time, 
school) and a total physical activity index. 
The ‘sport index’ was computed summing 
time spent in sports at school and in leisure 
time. Based on the MET values from the 
Compendium of physical activity (24), 
each sport with a metabolic rate lower than 
3 MET was classified as an activity of low 
intensity and was not taken into account 
for the sports index. The ‘active 
transportation index’ was computed 
summing time spent in leisure time active 
transportation and in walking and cycling 
to and from school. The ‘leisure time 
physical activity index’ was computed 
including leisure time sports and active 
transportation. The ‘school physical 

activity index’ was determined adding up 
time spent in active transportation to 
school and extracurricular activities at 
school. For the ‘total physical activity 
index’ all minutes of activity were 
computed.  
Philippaerts and colleagues (25) reported 
moderate to high reliability of the FPAQ 
for the different indexes used in the present 
study. The test-retest intraclass correlation 
coefficients exceeded .70.  To obtain 
validity measures, data from the 
questionnaire were correlated to data 
derived from accelerometers (model 7164, 
Computer Science Application, Inc., 
Shalimar, FL). Pearson correlations were 
significant for all activity measures and 
ranged between .43 and .79, indicating 
acceptable validity of the instrument.  
Physical activity determinants. General-
affective attitudes, social influences, self-
efficacy, perceived benefits and barriers, 
were assessed by 30 items with a 5-point 
scale. Questions were selected and adopted 
from previous studies with adolescents and 
adults (9, 26). General-affective attitudes 
(4 items) towards physical activity were 
assessed using bipolar adjectives. 
Participants were asked whether sports and 
physical activity are ‘not pleasant – 
pleasant’, ‘bad – good’, ‘healthy – 
unhealthy’, and ‘dangerous – save’. Social 
support (4 items) was assessed by asking 
respondents how frequently their parents, 
brothers & sisters, friends, and teachers 
encouraged them to be physically active. 
Self-efficacy (3 items) was measured by 
asking how easy or difficult it was to 
continue with sports or physical activity 
for 1 hour per day in general, and more 
specific to be active at their school or at 
their home. Perceived benefits and barriers 
with regard to physical activity were 
investigated by asking respondents to rate 
their agreement with possible effects of 
sports and physical activity (8 items: 
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weight and physical appearance, health and 
fitness, social interaction, pleasure, 
competition, stress and depression, 
admiration of others, relaxation from 
(school)work) and the frequency with 
which barriers prevented them from 
exercising (11 items: lack of time, lack of 
discipline, lack of interest, health 
problems, personal problems, not skilled 
enough, too expensive, no transportation, 
not liking to sweat, fear of being laughed 
at, lack of facilities at school).  
Intervention 
The school based intervention program 
was developed to promote healthy food 
choices and physical activity engagement 
in order to prevent the increasing 
prevalence of overweight in adolescents. 
The effects of the intervention on adiposity 
indexes (23) adolescents’ diet (27) and 
physical activity (18) are beyond the scope 
of the present study and are published 
elsewhere.  
The intervention was designed to be 
implemented by the school staff itself with 
only minimal external support to make 
later implementation feasible. It was 
coordinated by a working group of school 
personnel that received background 
information, an intervention manual and 
educational material from the researchers. 
The physical activity intervention had two 
main components: an environmental part 
and an individual-based part. The physical 
activity environmental intervention 
focused on increasing levels of moderate to 
vigorous physical activity to at least 60 
min a day (1) by creating more 
opportunities to be physically active during 
breaks, at noon or after school hours and 
by varying the content of the physical 
activities offered in order to reach all 
students, (2) by providing extra sports 
materials at noon, after school hours and 
during breaks, and (3) by encouraging 
active transportation (walking and cycling) 

to school. At the personal level students 
completed once the adaptation for 
adolescents of the computer tailored 
physical activity intervention (28, 29) 
during one class hour which resulted in 
immediate personal feedback about 
physical activity and sports for each 
student. A thorough description of the 
physical activity intervention is reported 
elsewhere (18, 23).  
Statistical Analyses 
Data were analyzed using SPSS 12.0.  
As suggested by Cerin et al. (30), the 
Freedman-Schatzkin difference-in-
coefficients test was used to asses the 
mediating effect. In the physical activity 
behavior domain, the most commonly used 
method of mediation analysis is the Baron-
Kenny causal steps approach. However, 
the Baron-Kenny approach has lower 
statistical power especially if the effect 
size of the intervention is small to 
moderate in size, which is mostly the case 
in public health intervention studies on 
physical activity in uncontrolled settings 
(such as the school). In that case the 
Baron-Kenny approach may fail to detect 
as statistically significant a mediation 
effect that would be of practical 
importance (30). The Freedman-Schatzkin 
difference-in-coefficients test assesses a 
mediating effect by comparing the relation 
between the independent variable (the 
intervention) and the dependent variable 
(physical activity indexes) before and after 
adjustment for the mediator (psychosocial 
determinants). It tests the null hypothesis 
that the difference between the unadjusted 
and adjusted regression coefficients of the 
independent variable (τ - τ´) is zero. A 
measure of change of physical activity 
between pre and posttest free of auto-
correlated error was recreated by 
regressing physical activity measures at 
posttest onto physical activity measures at 
baseline. Residuals were then computed 
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for all dependent variables as the measures 
of change in physical activity. The 
resulting residualized scores can be 
interpreted as the amount of increase or 
decrease in physical activity between 
baseline and posttest, independent of 
baseline activity. In the same line, a 
measure of change of psychosocial 
determinants was recreated by regressing 
each psychosocial determinant score at 
posttest onto the baseline scores. These 
measures of change in psychosocial 
variables are independent of baseline 
determinants scores, and can be considered 
to be dynamic variables that covary with 
changes in physical activity (see Sallis et 
al., (31) for a further explanation of the use 
of residualized change scores).  
A first series of regression analyses were 
executed looking at the impact of the 
intervention condition (dummy variable) 
on the residualized change scores for the 
physical activity indexes. These first 
regressions provided an estimate for τ 
(relationship between intervention 
condition and change in physical activity 
before adjusting for the mediator). A 
second series of regressions analyzed the 
effect of the intervention on residualized 
change scores for physical activity after 
controlling for residualized change scores 
for the psychosocial determinants (an 
estimate for τ´). This τ´ represents the 
independent effect of the intervention 
condition on changes in physical activity. 
The significance test of the mediating 
effect is computed by dividing (τ - τ´) by 
the standard error and comparing the 
obtained value to a t distribution with N – 2 
degrees of freedom (30). If the t-value > 
2.576 there is a significant mediation effect 
at the 1% level.  
Results 
Changes in five psychosocial determinants 
of physical activity were studied as 
potential mediators of the intervention 

effect: general-affective attitude, social 
influences, self-efficacy, perceived benefits 
and perceived barriers.  
The first series of regressions executed to 
study the impact of the intervention 
condition (dummy variable) on the 
residualized change scores for the physical 
activity indexes provided the estimate for τ 
(relationship between intervention 
condition and change in physical activity 
before adjusting for the mediator). The 
unstandardized regression coefficients are 
reported in table 1a. The intervention was 
effective on all 5 physical activity indexes: 
sport index (t=2.99, p<0.01), active 
transport index (t=5.05, p<0.001), physical 
activity in leisure time (t=2.63, p<0.01), 
school related physical activity (t=7.45, 
p<0.001), and the total physical activity 
index (t=4.41, p<0.001). The second series 
of regressions provided us with the 
estimate for τ´. The unstandardized 
regression coefficients of the effect of the 
intervention on residualized change scores 
for physical activity after controlling for 
the residualized change scores for the five 
psychosocial determinants are also 
reported in table 1a (self-efficacy and 
social support) and in table 1b (attitude, 
perceived benefits and barriers).  
A significant mediation effect of self-
efficacy and social support was found for 
all physical activity indexes. In addition a 
mediation effect of perceived benefits was 
found on the total physical activity index 
and of perceived barriers on the active 
transportation index. The mediation effect 
was always partial; this means that the 
impact of the intervention on the 
residualized change scores for physical 
activity remained significant when the 
mediator was included in the analyses.  
Surprisingly, an effect opposite to the 
expectations was found for general 
affective attitudes. A negative effect of the 
intervention on changes in attitudes 
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Table 1a: Summary of analyses of mediation effect of self-efficacy (residual change scores) and social support 

(residual change scores) on the five physical activity indexes (residual change scores) using the 

Freedman-Schatzkin method   

 

Physical activity index 
τ  τ´ 

Self-efficacy 

 

t (2340) 

τ´ 

Social support 

 

t (2340) 

Sport index 5.64 (1.89)  4.55 (1.87) 13.08* 5.45 (1.92) 3.02* 

Active transport index 4.09 (0.81)  3.53 (0.80) 15.54* 3.72 (0.81) 15.75* 

Physical activity in leisure time 5.01 (1.91)  3.82 (1.88) 13.70* 4.70 (1.92) 5.49* 

School related physical activity  5.36 (0.72)  4.93 (0.72) 13.88* 5.14 (0.73) 9.45* 

Total physical activity index 9.46 (2.15)  7.83 (2.10) 15.65* 8.90 (2.17) 8.52* 

 
 
Table 1b: Summary of analyses of mediation effect of general attitude, perceived benefits and perceived barriers 

(residual change scores) on the five physical activity indexes (residual change scores) using the Freedman-

Schatzkin method   

 

Physical activity index 

τ´ 

Attitude 

 

t (2340) 

τ´ 

Perceived 

benefits 

 

t (2340) 

τ´ 

Perceived 

barriers 

 

t (2340) 

Sport index 6.79 (1.88) -11.44† 6.99 (1.19) -1.92 5.68 (1.90) -0.42

Active transport index 4.05 (0.81) 0.93 4.00 (0.81) 2.47 3.91 (0.82) 4.29*

Physical activity in leisure time 6.01 (1.90) -9.85† 5.12 (1.92) -1.14 4.88 (1.92) 1.35

School related physical activity  5.51 (0.71) -3.82† 5.39 (0.73) -0.80 5.38 (0.74) -0.48

Total physical activity index 10.56 (2.12) -9.39† 9.03 (2.15) 3.99* 9.30 (2.15) 1.49

τ estimate of unstandardized regression coefficient of intervention condition on residualized change score for 
physical activity indexes. 
τ´estimate of unstandardized regression coefficient of intervention condition on residualized change score for 
physical activity indexes after controlling for self-efficacy or social support.  
t significance test of the mediating effect computed by dividing (τ - τ´) by the standard error given a t 
distribution with N – 2 degrees of freedom 
* significant mediator at the 1% level, † significant suppressor at the 1% level 
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towards physical activity resulted in a 
suppression effect instead of a mediation 
effect for changes in the sport index, the 
physical activity in leisure time index, the 
school related physical activity index and 
the total physical activity index.    
The more conservative Barron-Kenny 
procedure would only have shown the 
significant mediation effect of self-efficacy 
as the intervention only succeeded in 
resulting in significant positive changes in 
self-efficacy (t=2.09, p<0.05). The effect 
of the intervention on social support did 
not reach significance (t=1.42, p=0.15). 
The intervention had a negative effect for 
attitudes (t=-2.60, p<0.01), perceived 
benefits (t=-2.19, p<0.05) and perceived 
barriers (t=2.22, p<0.05).  
Discussion 
The aim of the analyses presented here was 
to study the mechanisms through which a 
physical activity intervention in middle 
schools yielded effects, using mediation 
analyses of change in psychosocial 
determinants on change in physical activity 
over a 1 year period. The findings 
suggested that self-efficacy and social 
support are mediators for physical activity 
change in this school-based physical 
activity program in adolescents. The 
mediation effect of both constructs was 
partial, which means that two pathways 
were revealed through which the 
intervention worked. First, the significant 
mediation effect showed that the 
intervention succeeded in changing self-
efficacy and social support in a positive 
way, what on their turn resulted in positive 
changes in physical activity. This 
mediation effect was found for all 5 
physical activity indexes. This suggests 
that this path through self-efficacy and 
social support is important to change 
different types of physical activity habits 
(sports, transportation) as well as activities 
within different contexts (school, leisure 

time). Second, as the mediation effect was 
only partial, the intervention also resulted 
in a direct effect on physical activity in 
adolescents. The intervention consisted of 
two main components: an environmental 
component mainly focusing at increasing 
time, space, material, and opportunities to 
be active, and an individual component 
based on personal feedback through online 
computer tailoring. As this multi-
component intervention was implemented 
as a whole it is not possible to determine 
which intervention component worked 
through which pathway. From a theoretical 
perspective it could be argued that making 
the school environment more ‘activity 
friendly’ has a direct impact upon physical 
activity behavior (32), but also increases 
self-efficacy and social support. By 
increasing physical activity opportunities 
at school, students may feel more confident 
that they can continue with sports or 
physical activity for 1 hour per day in 
general, or more specifically they may feel 
more confident to be active regularly at 
their school. Physical activity self-efficacy 
may specifically be enhanced through 
successful experiences as special attention 
was given in the program to varying the 
content of the physical activities offered in 
order to reach all students (non-
competitive activities). Because emotional 
or physiological arousal also influences 
self-efficacy expectations, experiences 
such as fatigue, muscular strain, discomfort 
or pain caused by physical activity may be 
associated with poor performance and 
perceived incompetence (33). These 
aversive emotional states threatening self-
efficacy were also avoided in the program 
by offering physical activities at different 
levels of intensity and giving students a lot 
of freedom to choose. In addition, the 
comprehensive school intervention led to 
more support from family members, 
friends and teachers to be active at school 
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and in leisure time. The environmental 
component of the intervention was meant 
to increase the support from friends and 
teachers at school. This friends’ support 
could also be transferred into leisure time 
as many adolescents also keep in contact 
with their school mates outside school and 
school hours. Our efforts to engage parents 
into the intervention may have resulted 
into more support for their youngsters to be 
active.   
In general those results show that 
environmental changes do not only have a 
direct, but also an indirect effect, through 
psychosocial determinants, on physical 
activity behavior.   
The computer-tailoring part of the 
intervention also included specific 
feedback on all the psychosocial 
determinants. Specific for self-efficacy it 
focused on explaining how being active 
could be ‘more easy’ by incorporating it in 
daily activities, by including active 
transport, by explaining the difference 
between sports and physical activity. For 
social support the personalised feedback 
advised to look for a sports partner, to be 
active with friends at school, or to plan 
physical activity in leisure time with 
family members or friends.  
We can conclude that these results are 
consistent with the social ecological view 
of health behaviour that suggests that a 
comprehensive strategy is required to 
increase activity levels, not only by 
changing the environment, but also by 
creating a supportive social environment 
and by active encouraging of physical 
activity to increase self-efficacy (32, 34).  
Three potential mediators did not 
significantly mediate the intervention 
effect on most physical activity indexes as 
they were not positively affected by the 
physical activity program: it were attitudes, 
perceived benefits and perceived barriers. 
In contrast, even a suppressor effect was 

found for general affective attitudes 
towards physical activity. Perceived 
benefits and barriers can be considered to 
reveal the specific pros and cons of a 
behavior, the beliefs, which means that 
they are equivalent with the attitude 
concept, but on a more specific level and 
focusing more on the cognitive aspect (35). 
The intervention did not succeed in 
increasing the perceived benefits or in 
decreasing the perceived barriers related to 
physical activity. Hence, the two smaller 
mediation effects found for perceived 
barriers and benefits are not as relevant. In 
the intervention, it was assumed that a 
positive effect would be created through 
the computer-tailored program which 
focused specifically on the benefits of 
physical activity and gave guidelines how 
students could solve their most important 
barriers. Apparently this did not work well. 
However, this might not be too surprising 
as also studies on physical activity 
computer-tailoring in adults showed very 
minimal effects on attitudes, perceived 
benefits and barriers (36). Two strategies 
can be followed here in the future. The first 
possibility is to give more attention in the 
intervention to change perceived benefits 
and barriers in a positive way, so that these 
changes can result in a more effective 
intervention. A second possibility is to 
delete the elements from the intervention 
that were assumed to produce these 
positive effects but did not, to make the 
intervention more parsimonious. Special 
attention should be given to the suppressor 
effect that was found for general attitudes 
towards physical activity. In some way the 
intervention led to a negative impact upon 
affective attitudes in the intervention 
group, diminishing the effect of the 
intervention. However, it is unclear why 
and how this effect could occur. In general 
very high baseline scores were found for 
the attitude measure, leading to the typical 
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decrease with age one year later in both 
groups. The intervention did not succeed in 
reducing this decline; it even resulted in a 
somewhat steeper decline in the 
intervention group compared to the 
controls. It is possible that the adolescents 
were tired hearing about physical activity 
and its positive effects after this 1 year 
intensive intervention at their school and 
that this resulted in the decline in attitudes 
and benefits, and the increase in barriers. 
Future research should look further into 
this effect.  
There are no studies to compare these 
results with, as to our knowledge no 
physical activity intervention studies 
executed a full mediation analysis in 
children or adolescents (21, 22). In adults 
some support was found for self-efficacy 
and social support to be a mediator among 
mothers with young children (37). In the 
CATCH study, some evidence was also 
found for the importance of self-efficacy 
and social support to be a possible 
mediator of physical activity change in 
elementary school children (38). However, 
not all recommendations were satisfied to 
complete a full mediation analysis.  
In the present study, the Freedman–
Schatzkin method was used instead of the 
more conservative Barron-Kenny method. 
As suggested by Cerin et al., (30) the 
Freedman–Schatzkin method had more 
power to detect mediation effects 
compared to the Barron-Kenny method. 
With the Barron-Kenny method, only self-
efficacy would have been detected as a 
mediator. With the Freedman-Schatzkin 
method, social support was also found to 
be a mediator for all activity indexes. By 
using this more powerful method there is a 
smaller risk of failing to identify 
significant mechanisms leading to changes 
in physical activity behaviour. Some 
limitations of the study need to be 
mentioned. First, only self-reports of 

physical activity and of related 
determinants were included in the present 
study. Although previous studies have 
shown that the physical activity and 
psychosocial measures have a good 
reliability and an acceptable validity (9, 
24), they could suffer from social 
desirability. Second, the psychosocial 
determinants included as potential 
mediators in the present study, were 
measured in a very general way.  As 
suggested by Baranowski et al. (21), 
perhaps more specific mediation models, 
including specific items, should be tested 
for example for active transport, sport at 
school or physical activity in leisure time. 
On the other hand other possible relevant 
mediating variables such as intentions 
should be included. This would allow us to 
tailor interventions more to the appropriate 
mediating variables. 
Finally, the comprehensive nature of our 
intervention does not allow conclusions 
about which intervention parts are 
responsible for which effects through 
which pathways (39). Further research has 
to disentangle the relative importance of 
these pathways in the efficacy of physical 
activity interventions.  
The strength of the present study is that its 
longitudinal design, the presence of a 
control group, and its overall effectiveness 
on physical activity indexes allowed one of 
the first true mediation analyses in an 
adolescent sample. Changes in physical 
activity self-efficacy and social support 
were found to be mediators of changes in 
physical activity. Replication of the 
mediating properties of these variables will 
be needed before we can conclude that it is 
a consistent mediator of physical activity 
intervention in adolescents.  
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A Computer-tailored Fat Intake Intervention among Adolescents: Results of a 
Randomized Controlled Trial 
 
Abstract 
Background: The positive effects of computer-tailored interventions to target fat intake were 
demonstrated in adults, but few studies investigated the impact in adolescents. Purpose: To 
evaluate acceptability, feasibility and effectiveness of computer-tailored fat intake education 
among adolescents. Methods: A random sample of 10 schools, 5 with general and 5 with 
technical-vocational education were selected to participate. In each of the 10 schools, 2 
classes of 7th graders were randomly assigned to intervention (computer-tailored intervention, 
n=153) or control (no-intervention, n=151) condition. Questionnaires were completed, 1 week 
before (fat intake) and 3 months after (process evaluation + fat intake) the intervention.  
Results: About one third of the students evaluated the tailored intervention as interesting 
(34%), novel (38%), personally relevant (26%), credible (34%) and correct (38%). Half of the 
students evaluated the advice as too long and one fourth of the students did not read the 
advice. No significant intervention effects on fat intake were detected for the total sample. 
Effectiveness was only shown in girls following technical-vocational education (F=3.5, 
p<.05) and in boys and girls following general education who reported to have read the advice 
(F=3.6, p<.05). Conclusions: Further improvements of the computer tailored intervention for 
use in adolescents should be evaluated. Given that a positive impact was shown in most 
adolescents and that computer tailored fat intake education has the capability of reaching large 
groups at low cost, this study shows that using such interventions in adolescents has potential. 
 
Key Words: Tailoring, Computer, Fat intake, Nutrition, Intervention, Adolescent 
 
Introduction 
Dietary behaviours among most youth in 
both the US and Europe do not meet 
dietary recommendations (1-6). The 
transition from childhood into adolescence 
often results in diets becoming less healthy 
(7) and an unhealthy diet during 
adolescence can negatively affect growth 
and development (8). In addition, 
unhealthy eating behaviours developed 
during adolescence are likely to persist to 
some extend into adulthood (9, 10) and 
have been associated with higher risk for 
becoming overweight and obese, for 
developing diabetes, hypertension, 
cardiovascular diseases and cancer (2, 8, 
11-13). Hence, there is a need for effective 
interventions aimed at improving dietary 
behaviors in adolescents.  
Behavioral theories assume that 
interventions aimed at improving 

adolescents’ diet should try to change 
behavioral determinants and mediators 
(14). During the past decade computer-
tailored interventions emerged as a new 
form of theory-driven nutrition education. 
Computer-tailored interventions provide 
respondents with personally adapted 
feedback about their present health 
behaviour and with personally adapted 
suggestions to change behaviours through 
an automated system which takes personal 
demographic, behavioural and 
psychosocial characteristics into 
consideration (15, 16). Compared with 
non-tailored messages, tailored messages 
are more likely to be read and 
remembered, saved and discussed with 
others, perceived as interesting, personally 
relevant and written especially for them 
(17, 18). 
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The behavioural effects of computer-
tailored interventions have been mainly 
investigated in adults (19-23) and 
effectiveness was demonstrated, especially 
for reducing fat intake (19-20, 23-24). Fat 
intake is a complex behaviour involving 
consumption of various food items. Large 
proportions of populations have 
misconceptions about their own fat intake 
and people who think they are already 
eating a low-fat diet are not likely to make 
efforts to decrease their fat intake (25-26). 
Computer-tailored interventions may 
reduce misconceptions, by providing 
personalized feedback about one’s fat 
intake and important sources of fat intake.  
Few studies investigated the potential 
benefits of using computer-tailored 
interventions to target fat intake in 
adolescents (27-29). Most nutrition 
interventions aimed at adolescents used 
schools in order to reach large amounts of 
adolescents (30). These school-based 
interventions used general nutrition 
education classes (31), but in most of these 
studies effects on fat intake were limited. 
Based on the results from studies in adults, 
it could be hypothesized that using 
computer-tailored feedback in adolescents 
could have better effects than using generic 
nutrition education classes. To date, only 
one study demonstrated promising effects 
of using classroom stage-based computer-
tailored education to target fat intake in 
adolescents (29). The computer-generated 
tailored feedback, offered during eight 45-
minutes lessons, was effective among low 
income, culturally diverse students who 
completed more than half of the sessions 
(29). 
The first purpose of the present study was 
to describe acceptability and feasibility of 
a computer-tailored intervention to target 
fat intake in adolescents. The computer-
tailored intervention used in this study, was 
a youth-based adaptation of the adult 

computer-tailored intervention primarily 
developed by Brug and colleagues (18, 24, 
32) and further adapted for use in Flemish 
adults (23, 33). Earlier research showed 
that the computer-tailored intervention was 
an acceptable, feasible and effective tool 
for reducing fat intake in a general 
population of adults (23, 33).  A second 
purpose was to investigate the short-term 
impact of this computerized tailored fat 
intake intervention (compared to a no-
intervention group) in a random sample of 
adolescents. It was hypothesized that fat 
intake would change in a more favourable 
direction in the intervention group, when 
compared to the no-intervention group.  
Methods 
Participants and Procedure 
The present study is a clustered 
randomized controlled trial. All secondary 
schools out of 2 cities in Belgium, with at 
least 2 classes of 7th graders, were eligible 
for participation in the present study. Ten 
schools, 5 with general education (focus on 
theoretical expertise) and 5 with technical-
vocational education (focus on practical 
skills), were randomly selected out of the 
52 eligible secondary schools. In each of 
the 10 schools 2 classes of 7th graders were 
randomly selected out of all classes of 7th 
graders and assigned to intervention or 
control condition (no intervention).  
The parents of 333 of the 339 students out 
of the 20 classes signed an informed 
consent form in which they gave approval 
for their child to participate in the study. A 
priori power analyses revealed that to have 
an 80% change of detecting a difference of 
10g/day at the 5% significance level, at 
least 110 students in each group were 
required. The Study protocol was approved 
by the Ethical Committee of Ghent 
University. 
Measures were assessed in November 2005 
one week before intervention and repeated 
3 months later in February 2006. Self-
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Table 1 

Mean Baseline Values of Age, Gender, Educational Levels, Stages of Change and Fat Intake 

in the Total Group and the Intervention and Control Condition 

 Total group Intervention Control  

 (N= 304) (n=153) (n=151)  

 M + SD M + SD M + SD  

Age (years) 13.1 + 0.8 13.3 + 0.5 13.2 + 0.5 t = -1.0, ns 

Gender    χ 2= 1.4, ns 

   % of Girls 70.4% 67.3% 73.5%  

   % of Boys 29.6% 32.7% 26.5%  

Education    χ2 = 0.3, ns 

                % General 57.2% 58.8% 55.6%  

                % Technical-Vocational 42.8% 41.2% 44.4%  

Stages of change    χ2 = 3.5, ns 

                % Precontemplation 26.5% 28.2% 24.8%  

                % Contemplation 4.1% 2.7% 5.5%  

                % Preparation 7.8% 7.4% 8.3%  

                % Action 26.5% 29.5% 23.4%  

                % Maintenance 35.0% 32.2% 37.9%  

Fat intake (g/day) 115.1 + 48.2 116.3 + 50.1 113.9 + 46.3 t = 0.4, ns 

Note. ns = not significant 

 

administered paper questionnaires were 
completed at school, during class hours 
under direct supervision of the teachers 
and researchers.  
The computer-tailored intervention to 
reduce fat intake, provided on CD’s, was 
implemented during classes hours and the 
researcher and teachers guided the students 
through the computer-tailored program. 
The tailored feedback was presented 
immediately on screen, after completing 
the diagnostic questionnaires, and could 
mount up to 5 to 6 pages if printed on A-4 
paper. After reading the advice it could be 
saved on the computer. Students in the 
control group got the opportunity to 
complete the computer tailored 

intervention after the three months post-
test measurements. 
Intervention 
The intervention consisted of an adaptation 
of the adult computer-tailored intervention 
for fat intake (23) that was aimed at 
encouraging a reduction in fat intake in 
those who did not meet the guidelines for 
fat intake and at encouraging those who 
did meet the guidelines to keep up with 
their healthy dietary habits. When 
compared to the adult version, formulation 
and content of questions and feedback was 
simplified. In addition figures were added 
to the program to make it more attractive 
and to avoid that students get bored.  
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The computer-tailored program consisted 
of three major parts: (a) An introduction 
page, (b) A diagnostic tool and (c) An 
advice. All parts were interactive on-
screen. The introduction page provided 
some general information about the 
diagnostic tool to get the students started. 
The questionnaire used in the diagnostic 
tool was filled out on the computer screen 
and consisted of three major parts. The 
first part concerned demographic 
questions. The second part of the survey 
consisted of the questionnaire for fat intake 
(34). In the third part of the survey, 
psychosocial determinants (attitudes, self-
efficacy, social support, perceived benefits, 
perceived barriers) related to fat intake 
were questioned (35-37).  
Once the questionnaires were completed, 
feedback was selected out of a database 
with messages for each possible 
combination of answers. The fat advice 
started with a general introduction, 
followed by normative feedback, which 
related students’ intakes to the 
recommended intakes. The fat advice 
indicated the most important sources of fat 
in the students’ diet and tips were given on 
how to replace fatty foods by more healthy 
alternatives. Readiness to change (38) was 
used to define the content and approach of 
the feedback in the fat advice.  Students’ 
who were in the precontemplation stage 
got general information about a healthy 
diet and this information was provided in a 
non-personal way to avoid resistance. 
Contemplators got additional information 
on benefits and barriers of a healthy diet. 
Contemplators were addressed in a more 
personal way. In the preparation stage 
information was given on how to eat less 
fat and information was given in a more 
personal direct way. In the action stage 
maintenance of the healthy diet was 
emphasized and students’ were addressed 
in a more supporting way. In the 

maintenance stage students’ were 
encouraged to maintain their healthy diet 
and they were also addressed in a 
supporting way. Based on the theory of 
planned behaviour (39), the social 
cognitive theory (40) and the attitude, 
social influence and self-efficacy model 
(41-42), students got tailored feedback 
about their attitudes, self-efficacy, social 
support, knowledge, perceived benefits and 
barriers related to their fat intake in the 
final part of the advice.  
Measurements 
Fat intake. Fat intake was measured with a 
self-administered food frequency 
questionnaire developed at the Ghent 
University together with the Flemish 
Institute for Health Promotion (34). The 
questionnaire consisted of 48 items, 
representing all important sources of fat in 
the diet of Flemish adolescents in seven 
categories: (a) bread and cereals, (b) 
spreads, fillings and butter (c) milk and 
milk products, (d) prepared meals (e) meat, 
fish and eggs, (f) sauces, gravy and 
dressings (g) snacks, cakes and biscuits 
(34). Students were asked how often they 
consumed these products during a usual 
day, week or month. A coefficient was 
calculated, representing the fat content and 
portion size of each product (43-44). This 
coefficient was multiplied by the frequency 
of consumption, leading to a fat intake 
score for each food item. The summation 
of all food items’ fat intake scores lead to 
the total fat intake score (34). The 
questionnaire was validated in a separate 
study and was found to be sufficiently 
reliable and valid as compared to a dietary 
record method (34). 
To assess adolescents’ readiness to change 
three questions, similar to questions used 
in previous studies, were included (28). 
The first question was ‘Is your present diet 
too high in fat? (yes/no)’.  If the answer on 
the first question was ‘yes’, the second 
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question was ‘Are you planning to eat less 
fat in the future?’. Answering categories 
were ‘no’ (precontemplation), ‘yes within 
6 months’ (contemplation), ‘yes within 1 
month’ (preparation). If the answer on the 
first question was ‘no’, the third question 
was ‘since when do your comply to a low-
fat diet?’. Answering categories were ‘I 
have started during the past 6 months’ 
(action) and ‘I have started more than 6 
months ago’ (maintenance).  
Process evaluation measure. The 
evaluation questionnaire used for assessing 
feasibility and acceptability of the fat 
intake intervention was based on existing 
questionnaires that were previously used in 
adults (33). Seven items were included to 
evaluate the diagnostic tool, 13 items to 
evaluate the fat advice and seven items to 
evaluate the use of computers for getting a 
fat advice. Table 2 gives an overview of all 
questions asked in each of the areas. 
Answers were rated on a five point scale 
from totally disagree to totally agree. 
Statistical analyses 
Independent sample t-tests and χ2-analyses 
were used to explore baseline differences 
between conditions for demographic, 
motivational and behavioral 
characteristics. Two-way ANOVA’s were 
used to explore differences in feasibility 
and acceptability according to gender 
(boys/girls) and education 
(general/technical-vocational). 
Linear mixed models on post-intervention 
measures of total fat intake; with condition 
gender and education as between subjects’ 
factors, were used to explore intervention 
effects on fat intake in the total sample. 
Class was nested within condition to take 
into account possible clustering within 
classes. Analyses were adjusted for 
baseline values of fat intake. The same 
analyses were repeated comparing only 
those students of the intervention group 
who reported to have read the advice, with 

the control group. To assess the 
moderating effect of stages of change and 
process evaluation items, linear mixed 
models were repeated in the same way 
with process measures (stage of change, 
evaluation items) as between subjects’ 
factors, only in students from the 
intervention group. 
P-values < .05 were considered as 
significant. All analyses were performed 
using SPSS 12.0. 
Results 
In total 29 students were absent at day of 
pre- or posttest measurements. The final 
sample consisted of 304 students, 90 boys 
and 214 girls (mean age = 13.2 years). 
Table 1 shows that there were no 
significant differences in baseline 
demographic, motivational and 
behavioural characteristics according to 
condition.  
Evaluation of the computer program in the 
total sample 
As shown in Table 2 most students were 
positive (agreed to totally agreed) about 
the diagnostic tool. Most participants were 
positive that the questions were easy to 
read (73.8%), were comprehensible 
(61.1%) and had clear instructions 
(64.1%). About half of the students were 
positive that the questions were easy to fill 
in (56%), had good grammar style (56.7%) 
and clear answering options (51.6%). 
However, 54.8% of the students indicated 
that there were too many questions. 
The results for the fat intake advice were 
less positive. About half of the students 
found that the advice was easy to 
understand (52.8%), complete (43.3%) and 
good (57.3%). However only one third to 
one fourth of students were positive that 
the advice was interesting (34.4%), taught 
them new things (38.1%), was personally 
relevant (26.1%), credible (34.4%) and 
correct (38.3%). In addition 50.3% of the 
students found that the advice was too 
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long. About 53.6 % reported that they had 
read the fat advice, but only 37.5% of the 
students were positive about using the 
advice.The use of a computer program 
was evaluated positive by the students. 
Most of the students found that the 
program was user-friendly (71.1%), 
conveniently arranged (66.2%) and good 
for such interventions (58.8%). Most of the 
students appreciated the colors (79.6%) 
and presentation style (72.6%). Most 
students were familiar with using a 
computer (80.3%) and did not prefer a 
written test above a computer test (62.4%). 
Differences in acceptability and feasibility 
between groups 
For most of the items related to the 
diagnostic tool there were no significant 

differences according to gender or 
education (see Table 3). However, there 
was a significant gender by education 
interaction effect for the item ‘questions 
were comprehensible’. Post hoc analyses 
revealed that there was a trend for 
significance for boys from general 
education to find the questions more 
comprehensible when compared to boys 
from technical-vocational education 
(F=3.7, p<.08). In girls there were no 
significant differences according to 
educational level. There was also a 
significant main effect of gender on the 
item ‘clear instructions’. Girls found the 
questionnaires’ instructions significantly 
clearer when compared to boys (F=9.1, 
p<.01).  

Table 2 Percentages for Scales from Totally Disagree to Totally Agree for All Items Used in the Evaluation Questionnaire in 
the Total Sample 
 Totally disagree Disagree Sometimes 

agree/ disagree 

Agree Totally agree 

I think the diagnostic questions …      
      Were easy to read 1.9 % 3.2 % 21.0 % 43.9 % 29.9 % 
      Were Comprehensible 1.9 % 5.7 % 31.2 % 38.2 % 22.9 % 
      Were Easy to fill in 3.8 % 4.5 % 35.7 % 31.2 % 24.8 % 
      Had good grammar and style 5.1 % 5.7 % 32.5 % 45.2 % 11.5 % 
      Went with clear instructions 3.2 % 10.8 % 22.9 % 39.5 % 23.6 % 
      Had clear answering options 1.9 % 11.5 % 35.0 % 34.4 % 17.2 % 
I think there were too many questions 10,2% 8,3% 26,8% 22,3% 32,5% 
I think the fat intake advice …      
      Was easy to understand 3.8 % 8.9 % 34.4 % 38.2 % 14.6 % 
      Was interesting 13.4 % 22.9 % 29.3 % 21.0 % 13.4 % 
      Taught me new things 10.2 % 23.6 % 28.0 % 24.8 % 13.4 % 
      Was personally relevant 19.1 % 24.2 % 30.6 % 19.1 % 7.0 % 
      Was credible 10.8 % 17.2 % 37.6 % 28.0 % 6.4 % 
      Was complete 4.5 % 14.6 % 37.6 % 29.3 % 14.0 % 
      Was confusing 14.6 % 24.8 % 37.6 % 16.6 % 6.4 % 
      Was correct 9.6 % 17.2 % 35.0 % 28.7 % 9.6 % 
      Was good 3.8 % 7.0 % 31.8 % 42.0 % 15.3 % 
      Was too long 1.3 % 0.6 %  47.8 % 36.9 % 13.4 % 
I have read the fat advice 14.6 % 10.2 % 21.7 % 26.8 % 26.8 % 
I am going to use the fat advice 20.4 % 18.5 % 23.6 % 24.8 % 12.7 % 
I think the computer program…      
      Was user-friendly 3.2 % 1.9 % 24.8 % 45.9 % 24.2 % 
      Was conveniently arranged 3.8 % 3.2 % 26.8 % 46.5 % 19.7 % 
      Was good for this intervention 4.5 % 8.9 % 28.0 % 36.3 % 22.3 % 
I had problems with…       
      Colours 49,7% 29,9% 8,3% 7,6% 4,5% 
      Presentation and style 40.8 % 31.8 % 15.3 % 7.6 % 4.5 % 
I am used to utilize a computer 3.2 % 3.2 % 13.4 % 23.6 % 56.7 % 
I would rather do a written test 43.3 % 19.1 % 29.9 % 5.1 % 2.5 % 
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For the items related to the fat intake 
advice, there were significant gender by 
education interaction effects on the items, 
‘personally relevant’, ‘confusing’, 
‘correct’, ‘good’, and ‘I am going to use 
the advice’. Post hoc analyses revealed that 
girls from technical-vocational education 
perceived the advice significantly more, as 
personally relevant (F=13.2, p<.001), as 
good (F=4.5, p<.05) and significantly less 
as confusing (F=6.1, p<.05), when 
compared to girls from general education. 

Additionally, girls from technical-
vocational education planned significantly 
more to use the advice, when compared to 
girls from general education (F=12.5, 
p<.001). In boys, no significant differences 
were found. There was a significant main 
effect of gender on the item ‘I have read 
the advice’. Girls reported significantly 
more to have read the advice when 
compared to boys (F=5.9, p<.001).  

Table 4 Pre and Post Fat Intake Levels and F-values for Gender and Educational Levels 

Total Fat Intake (g/day)                   (n) Pre (M + SD) Post (M + SD) Post hoc1 

Total general (90) I 120.9 + 48.7 108.2 + 43.9  

 (65) Iread 118.4 + 50.1 102.0 + 43.8 Iread>C* 

 (84) C 110.0 + 42.2 107.3 + 41.5  

   Boys general (41) I 130.4 + 56.1 115.8 + 45.2  

 (26) Iread 127.7 + 60.0 111.0 + 49.9  

 (30) C 120.3 + 47.8 116.3 + 47.9  

   Girls general (49) I 112.9 + 40.6 101.8 + 42.2  

 (39) Iread 112.1 + 42.0 96.0 + 38.7  

 (54) C 104.3 + 38.0 102.3 + 37.1  

Total technical-vocational (63) I 109.7 + 51.6 99.6 + 51.3  

 (46) Iread 97.8 + 38.9 86.20 + 39.3  

 (67) C 118.8 + 50.8 110.5 + 47.0  

   Boys technical vocational (9) I 143.4 + 56.6 157.1 + 70.1  

 (3) Iread 146.2 + 92.6 165.1 + 110.0  

 (10) C 119.7 + 57.6 104.6 + 60.2  

   Girls technical vocational (54) I 104.1 + 49.1 90.1 + 41.0 I>C* 

 (43) Iread 94.4 + 32.2 80.7 + 24.5 Iread >C* 

 (57) C 118.6 + 50.1 111.5 + 44.9  

F-values I-C Iread-C    

Fcondition*gender*education 7.1** 5.9**    

Note. I=Intervention, Iread=Intervention students who have read the advice, C=Control 
1Post hoc reported only, when applicable and significant  

* p<.05 
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For the evaluation of the computer 
program there was a significant gender by 
education interaction effect for the item 
‘conveniently arranged’. Girls from 
technical-vocational education agreed 
significantly more that the advice was 
conveniently arranged (F=5.5, p<.01), 
when compared to girls from general 
education. There were no significant 
differences in boys. There was a significant 
main effect of gender on the item ‘I would 
rather do a written test’. Girls reported 
significantly more to prefer a written test, 
when compared to boys (F=5.4, p<.05). 
Effects on fat intake 
The pre and post-intervention values of 
self-reported total fat intake are presented 
in Table 4. For the total sample, there was 
a significant condition by gender by 
education interaction effect (F=7.1, p<.01). 
Among students from general education, 
there were no significant gender by 
condition (F=0.0, ns) or condition effects 
(F=1.6, ns), whereas among students from 
technical and vocation education, there 
was a significant gender by education 
interaction effect (F=8.6, p<.01). In girls 
(F=3.5, p<.05) -but not in boys (F=2.2, ns) 
- following technical-vocational education, 
there was a significant main effect of 
condition. In those girls, fat intake 
decreased with on average 14.0 g/day in 
the intervention group, whereas it 
decreased with only 7.1 g/day in the 
control group. 
Secondary analyses, including only those 
intervention students who reported to have 
read the advice, revealed positive effects 
among students from general education 
(F=3.6, p<.05) and among girls following 
technical-vocational education (F=4.7, 
p<.05). Among students from general 
education, fat intake significantly 
decreased with on average 16.2 g/day in 
the intervention group, whereas it 
decreased with only 2.7 g/day in the 

control group. Among girls from technical-
vocational education, fat intake 
significantly decreased with on average 
13.7 g/day in the intervention group, 
whereas it decreased with only 7.1 g/day in 
the control group. 
Moderating effects 
There was a significant main effect of 
baseline self-rated ‘stage of change’ on 
change in total dietary fat intake (F=3.3, 
p<.05) among students from the 
intervention group. Dietary fat intake 
decreased with on average 10.1 grams per 
day among precontemplators (n=42), with 
on average 6.2 grams per day among 
contemplators (n=4), with on average 33.7 
grams per day among preparators (n=11), 
with on average 12.3 grams per day among 
actors (n=44) and with on average 6.4 
grams per day among maintainers (n=48). 
The intervention effects were similar in 
students with a positive attitude as 
compared to students with a negative 
attitude towards each of the process 
evaluation items (all F<2.9, ns), except for 
the evaluation of the item ‘I have read the 
advice’ (F=8.1, p<.01). Students who 
reported to have read the intervention 
messages decreased their dietary fat intake 
with on average 14.4 grams per day, while 
students who reported not to have read the 
intervention messages decreased their 
dietary fat intake with only 4.6 grams per 
day. 
Discussion 
The present study is one of the first studies 
in which a computer-tailored intervention 
to reduce fat intake was adapted and aimed 
at adolescents. The first purpose of the 
present study was to test feasibility and 
acceptability of such tailored fat intake 
intervention in adolescents. In line with the 
acceptability and feasibility testing in 
adults (33), adolescents had few problems 
with the diagnostic tool, although most 
adolescents criticized that there were too 
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many questions. Also the use of a 
computer was evaluated as feasible and 
acceptable, since most adolescents were 
familiar with using a computer. With 
regard to the tailored advice, studies in 
adults have shown that respondents who 
received tailored feedback as compared to 
general information, more often read the 
letter completely, kept it, discussed it with 
others and perceived information as 
personally relevant and new (19, 27, 45). 
However, results of the present study 
showed that most adolescents did not 
perceive the advice as interesting, new, 
personally relevant, and correct. In 
addition half of the students indicated that 
the advice was too long. This contrast with 
the studies in adults (20) could be caused 
by the difference between the self-selected 
adult samples and the randomly selected 
sample of adolescents. More than 60% of 
the students placed themselves in the 
action or maintenance phase. Large 
proportions of these students were 
probably precontemplators, being unaware 
of their high fat intake (25-26). Given that 
those students may think that the tailored 
intervention is not applicable to them, they 
were probably less likely to evaluate the 
advice as positive and to make efforts to 
read the advice or to decrease their fat 
intake. Another 28% of the students may 
have been less positive as they placed 
themselves in the precontemplation stage, 
meaning that they reported to have a high 
fat intake, but not to have any intention to 
change their diet.  
A second purpose of the present study was 
to investigate short-term impact of the 
computerized tailored fat intake 
intervention in adolescents. In general, the 
computer-tailored fat reduction education 
that has been found to be effective among 
adults (20), and which has been adapted 
for adolescents, did not show effects in a 
randomly selected adolescent population. 

The data only showed a positive impact of 
the tailored intervention among girls 
following technical-vocational education, 
which may have several explanations. The 
major difference between all previous 
computer-tailored interventions in adults 
and the present study in adolescents is that 
all adolescents participated in the 
classroom-led computer-tailored sessions. 
Previous research showed that tailored 
feedback is especially effective among 
people who are highly motivated to change 
(19). All adult studies recruited volunteers, 
which were of course mostly highly 
motivated people choosing for themselves 
that they wanted to participate in a study. 
Due to the classroom led instruction 
motivation levels in adolescents might 
have varied. Indeed, one fourth of the 
adolescents reported not to have read the 
tailored feedback, with girls reporting 
more often that they had read the advice, 
when compared to boys. In line with these 
findings, women and girls were found to 
have greater health consciousness, to be 
more attuned to issues of diet and more 
concerned with their appearance (46-47). 
Also, in self-selected adult samples, 
women are mostly overrepresented (21, 
23). When compared to girls from general 
education, girls from technical-vocational 
education more often evaluated the advice 
personally relevant, good and less often as 
confusing. In addition this group more 
often planned to use the advice. One 
explanation for the differences in 
effectiveness according to education could 
be that higher educated girls are usually 
more informed about health related dietary 
issues (48, 49) and that the advice was not 
challenging enough for some of them. In 
line with our findings, tailored 
interventions in adults were found to be 
more appreciated by those with the lowest 
education (50). 
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Since one fourth of the students reported 
not to have read the advice, the lack of 
impact in the total sample is not so 
surprising. Hence, the question rose 
whether the intervention was more 
effective among those adolescents who 
reported to have read the advice. 
Secondary analyses revealed that the 
tailored feedback also had a positive 
impact on fat intake of boys and girls 
following general education, who had read 
the advice. Only in boys following 
technical and vocational education 
effectiveness was not shown. However, in 
that group only 3 students reported to have 
read the advice.  
There are several important limitations to 
consider in interpreting the results of this 
study. As a result of the randomization, 
boys were underrepresented in the present 
study. There were only 19 boys from 
technical-vocational education; this small 
sample resulted in a lack of power to detect 
possible intervention effects. In addition 
the small sample may not be representative 
for all boys of technical-vocational 
education. Since power analyses revealed 
that at least 110 students in each group 
were required to detect intervention 
effects, further research in larger samples 
of adolescents is necessary. The present 
study only investigated short-term 
effectiveness of the computer-tailored 
intervention. It remains uncertain whether 
effects would sustain over a longer period. 
In contrast, a three month period may have 
been too short to make substantial changes 
in some of the adolescents’ diet. A further 
limitation is the use of self-reports to 
assess tailoring effects, that could have 
resulted in a reporting bias. More objective 
criteria such as bio-markers would give 
more verifiable results (51). 
While most studies on computer-tailored 
nutrition education were conducted in 
rather controlled settings, it is a strength of 

the present study that the computer-tailored 
intervention was implemented in a real-life 
setting, which increased the external 
validity of the results. 
Since large proportions of students 
reported that the computer tailored 
intervention contains too many questions 
and that the advice is too long, future 
research directions should aim at 
investigating the impact of a shorter 
version of the same intervention. Other 
adaptations to increase personal relevance, 
interestingness and novelty for adolescents 
should be tested. Critical hours of exposure 
should be determined and long-term 
impact of the intervention should be 
investigated. 
In conclusion, if the intervention would be 
implemented in the classroom curriculum, 
at least one fourth of the adolescents would 
not make efforts to read the advice, 
resulting in a lack of impact in that group. 
However, the positive impact of the 
tailored intervention was demonstrated 
among students who made the effort to 
read the advice.  
Given that its positive impact was shown 
and that computer tailored fat intake 
education has the capability of reaching 
large groups at low cost and with little 
time, this research shows that using such 
interventions in adolescents has potential. 
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The main purpose of this thesis was to evaluate the combined effects of a multi-component 

school based healthy eating and physical activity intervention. The multi-component 

intervention was developed to promote healthy eating and physical activity behaviours in 

order to prevent the increase in overweight and obesity prevalence among adolescents 

following technical and vocational education. As suggested by Green and Kreuter’s definition 

of health promotion (1990) environmental and educational support for healthy eating and 

physical activity behaviour were combined. To get more insight into which components of the 

intervention were effective, the mechanisms through which the physical activity intervention 

worked and the isolated effects of the nutrition-education component were also evaluated.  

The goal of the healthy eating environmental component was to increase the availability of 

healthy products like fruit and water and to limit access to unhealthy food items like soft 

drinks offered in vending machines and school stores. The educational component consisted 

of a youth-based adaptation of a computer tailored intervention to reduce fat intake, which 

was found to be effective among adults (Vandelanotte, et al., 2005). The computer tailored 

feedback provided students with personalized normative feedback about their current levels of 

fat intake. The fat advice indicated the most important sources of fat in the students’ diet and 

tips were given on how to replace fatty foods by more healthy alternatives.  The final part of 

the computer tailored intervention was aimed at providing normative feedback regarding 

students’ fruit intake.  

The goal of the physical activity environmental component was to provide more opportunities 

to be physically active by offering extra-curricular physical activities and by providing game 

equipment during recess periods and lunch breaks. The educational component consisted of a 

youth-based adaptation of a computer tailored physical activity intervention, which was found 

to be effective among adults (Vandelanotte, et al., 2005). The computer tailored feedback 
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provided students with personalized normative feedback about their current physical activity 

levels and tips on how to develop a more physically active lifestyle. Through the tailored 

feedback adolescents were encouraged to use active transportation, to participate in extra-

curricular physical activities at school and to be more physically active in leisure time. 

The parental support intervention was aimed at home based involvement of parents. During 

the first intervention year parents received a free CD-rom with the adult computer tailored 

intervention for physical activity and fat intake to complete at home. Parents were 

furthermore involved through correspondence in school papers and newsletters.  

The general discussion of this thesis starts with a short description of the results of three 

preliminary cross-sectional studies. Findings from the first study, that focused on 

measurements issues when comparing physical activity levels in normal weight and 

overweight adolescents, are primary discussed. This is followed by a presentation of the main 

findings related to influencing factors for nutrition and physical activity among adolescents. 

The general discussion further provides an overview of the combined effects of the multi-

component intervention followed by the isolated effects of the computer tailored 

interventions. Finally, limitations, strengths, recommendations for further research and 

practical implications are formulated. 

1. Differences in physical activity between normal weight and overweight adolescents 

Several cross-sectional studies have found lower levels of physical activity in 

overweight/obese than in normal weight youngsters (Trost, et al., 2001; Mota, et al., 2002; 

Deforche, et al., 2003). However results from both cross-sectional and longitudinal studies 

differ according to the definition of overweight, age-group, and applied measurements 

(Wareham, et al., 2005). The study presented in Chapter 1.1, provided evidence that 

methodological issues are important to consider when interpreting results from previously 
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conducted studies. Although BMI-based (Cole, et al. 2000) and fat-based classifications 

(Taylor, et al., 2003) within the same sample of adolescents showed relatively high levels of 

agreement, prevalence rates of overweight differed with more than 4% dependent on 

categorisation used. Using fat based cut-off points (Taylor, et al., 2003), 17.4 % was defined 

as ‘overfat’, whereas based on the age and sex specific BMI criteria (Cole, et al. 2000) 21.7 % 

was categorised as ‘overweight’. Hence, comparing overweight prevalence rates between 

different groups or within the same groups over time is only justified when the same 

measurements and categorisations were used. This highlighted the importance of using 

internationally accepted cut-off points for overweight and obesity to make different study 

results comparable. 

 

The results of this study further confirmed findings of the literature that large proportions of 

overweight and normal weight adolescents do not meet physical activity recommendations 

(Stone, et al., 1998; Sallis, 2000; Kimm, et al., 2002; Biddle, et al., 2004) and that boys are 

generally more physically active than girls (Stone, et al., 1998; Pate, et al., 2002; Biddle, et 

al., 2004; Currie, et al., 2004).  

 

Although both the BMI-based (Cole, et al. 2000) and fat-based classification (Taylor, et al., 

2003) of overweight provided evidence for differences in physical activity levels between 

overweight and normal weight students, results were slightly different for both 

categorisations. For example, according to the BMI-based classification (Cole, et al. 2000) 

overweight boys and girls were less active in leisure time, whereas according to the fat-based 

classification there were no differences for leisure time physical activity. On the other hand, 

fat-based classifications (Taylor, et al., 2003) revealed lower levels of sport participation in 

overweight girls, whereas these differences were not found using BMI-based classifications 
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(Cole, et al., 2000). However, both classifications did agree in finding no differences in time 

spent in physical activity of light intensity, active transportation and school related physical 

activity. In contrast to our findings, De Bourdeaudhuij, et al. (2005) provided evidence for 

lower levels of sport participation and active transportation (to school) among overweight 

adolescents. Here again, the methodological differences (broader age range, larger sample 

including different educational levels, other methods of analyses) may explain conflicting 

findings between our study and the previously conducted study (De Bourdeaudhuij, et al., 

2005).  

 

In conclusion, this study confirmed that physical activity levels are lower in girls when 

compared to boys. It also demonstrated that high percentages of overweight and normal 

weight children are not engaged in adequate levels of moderate to vigorous physical activity 

and this is already the case in 11 to 13 year olds.  

Although this study provided some evidence for differences in physical activity levels between 

overweight and normal weight adolescents, there were conflicting results dependent on 

categorisations used to define overweight. It was demonstrated that methodological issues 

(age range, sample sizes, methods of analyses, and definition of overweight) may be largely 

responsible for conflicting findings between studies and it highlighted the importance of using 

internationally accepted cut-off points for overweight and obesity to make different study 

results comparable. 
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2. Environmental and psychosocial correlates of eating and physical activity 

behaviours in adolescents 

The study results presented under Chapter 1.2 and 1.3 showed the importance of considering 

environmental next to demographic and psychosocial factors when explaining eating and 

physical activity behaviours in 11 to 15 year old adolescents.  

 

The results of the first study provided insight into how different demographic, psychosocial 

and family-related factors are related to different eating behaviours (fat, soft drink and fruit) 

in adolescents. The results demonstrated the complexity of the relationship between these 

factors and eating behaviours, given that different factors were related to different eating 

behaviours and that correlates were different in boys and girls.  

 

The entire model explained large proportions of variance in fruit consumption in both boys 

(49%) and girls (41%), while explained variances for fat intake (♂=19%; ♀=14%) and soft 

drink consumption (♂=21%; ♀=7%) were much lower. Environmental factors added 5% to 

the explained variance in fruit intake among boys and 6% among girls. For fat intake and soft 

drink consumption among boys, environmental factors increased the explained variance with 

10%. Among girls environmental factors contributed less to the explained variance in fat 

intake (4%) and soft drink consumption (1%).  

 

Age and socio-economic status were the only demographic factors that were included in the 

model. In general, our findings did not support findings from the literature that dietary habits 

tend to become less healthy with increasing age (Lien, et al., 2002, Vereecken, et al., 2005).  

This was not so surprising because there was a narrow age-range; the age range was 11 to 15 

years. In contrast to findings from other studies, there were no overall influences of socio- 
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economic status. Since our study was conducted among lower educated adolescents who often 

have lower educated parents with lower social status (Van Damme et al., 1997), the limited 

variance in socio-economic status could explain why no overall influences of socio-economic 

status were found. A lower socio-economic status was only associated with higher soft drink 

consumption among boys and lower fruit intake among girls.  

 

The results regarding the psychosocial determinants were inconsistent. For example, a better 

attitude was associated with a higher fruit intake and lower fat intake in both genders, but it 

was not related to soft drink consumption. Self-efficacy was important for explaining fruit 

intake in both genders, but not for explaining soft drink and fat intake. Perceiving more 

benefits was important for fruit intake in boys, but not in girls; whereas it was important for 

explaining fat intake in girls, but not in boys.  The results were only consistent in finding no 

associations between social supports and eating behaviour, which is in agreement with 

findings from a previous study among Flemish adolescents (De Bourdeaudhuij & Van Oost, 

2000).  

 

The main purpose of the study was to look at the influence of environmental factors. Based on 

findings from the literature (Hanson et al, 2005; Bere & Klepp, 2004; Taylor et al, 2005) four 

environmental factors were included: 1) availability of healthy products, 2) availability of 

unhealthy products, 3) family food rules and 4) influence of television. These environmental 

factors were all related to one or more eating behaviours, but relationships were again 

inconsistent according to the specific eating behaviour and gender. Gender might be an 

important factor to consider when designing interventions to enhance eating behaviours in 

adolescents. Boys’ fat and soft drink consumption increased when availability of unhealthy 

products increased. Among girls, fruit intake increased when availability of healthy food 
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products increased. Hence, decreasing availability of unhealthy products may be more 

important for boys, whereas increasing availability of healthy products may be a more 

effective strategy among girls. Setting rules that restrict the consumption of unhealthy 

products and limit the time spent in commercial television watching may be important for 

both genders. Although social support defined as encouragement from family, friends and 

teachers was not associated with eating behaviours, the findings above suggest that parents 

can play an important role in influencing adolescents’ eating behaviours, indirectly through 

their influence within the family environment. Direct parental support in forms of 

encouragement could be more important in younger children as compared to adolescents, as 

adolescence is typically characterized by increased independency from home (WHO, 2005). 

The entire model, including demographic, psychosocial and environmental factors, was not 

predictive for soft drink consumption among adolescent girls. This implies that other factors 

should be considered for this behaviour. The home environment is just one small part of the 

broader environment in which adolescents live. Other environments like the school 

environment might be more influential for soft drink consumption. One study in Flemish 

secondary schools already revealed that pupils were more likely to consume soft drinks every 

day, if soft drinks were available at school and if there were no school rules regarding soft 

drink consumption (Vereecken, et al., 2005).  

 

The results of the second study (Chapter 1.3) provided insight into how demographic, 

psychosocial and environmental (home, school) factors are related to physical activity among 

adolescents. 

In agreement with the literature (Sallis, 2000; Pate, et al., 2002; Currie, et al., 2004), a 

negative relationship between age and physical activity was generally found, however not so 

surprisingly this was not significant given the relative narrow age range of 11 to 15 years old. 
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Physical activity levels were furthermore found to be unrelated to socio-economic status, 

defined as a composite of occupation, which is also in accordance with findings from 

previous studies (Sallis, et al., 2000).  

 

With regard to the psychosocial determinants, a better attitude, higher self-efficacy and more 

perceived benefits were predictive of higher total physical activity levels, whereas increased 

social support and perceived barriers were not. In contrast, De Bourdeaudhuij, et al (2005) did 

find that specific forms of social support (family and friends) and specific barriers (lack of 

time and interest) were important while others were less imperative.  

 

Till now, only one study (Fein et al., 2004) investigated the additional value of including 

environmental determinants next to psychosocial determinants in order to explain physical 

activity levels of adolescents. In that study significant relationships between availability of 

resources and physical activity disappeared when controlling for more common predictors 

(Fein et al., 2004). Our results, however, showed that environmental factors added to the 

explained variance in total physical activity. In boys, 33% of the variance in total physical 

activity was explained by demographic and psychosocial determinants, environmental factors 

increased the explained variance with 5%, whereas in girls 22% was explained by 

demographic and psychosocial determinants and environmental factors only added 1%. It is 

not clear why environmental factors were more important in explaining total physical activity 

in boys, but our findings suggested that boys are more influenced by school- and home 

physical activity related environmental factors than girls.  

For boys the presence of physical activity equipment at home was a significant predictor of 

total physical activity and this is in line with findings from a similar study in Flemish adult 
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males (De Bourdeaudhuij et al., 2003). The frequency of physical activities organized at 

school was an important factor for both boys’ and girls’ total physical activity levels.  

The influence of school-environmental factors on participation in extracurricular physical 

activities was also investigated. For participation in extracurricular physical activity at school, 

environmental factors were equally important in boys and girls, explaining 5% of the 

variance. Whereas the frequency of organized physical activities at school was important for 

boys’ levels of physical activity at school, the presence of supervision was more important for 

girls.  

 

In conclusion, the first study provided insight into how family related environmental factors 

are related to different eating behaviours in adolescents, the second study into how home and 

school environmental factors are related to physical activity in adolescents. The findings of 

both studies suggested that different environmental factors are related to different eating 

behaviours or types of physical activity and that influencing factors are different in boys and 

girls. Although environmental factors contributed to the explained variance in eating and 

physical activity behaviours, a considerable proportion of the variance in behaviour 

remained unexplained. A more comprehensive environmental questionnaire should be 

developed to find out if other environmental factors (e.g. costs to participate in activities in 

the neighbourhood) can explain more of the variance in behaviour. 

 

3. Main findings of the multi-component healthy eating and physical activity 

intervention 

The main effects of the multi-component healthy eating and physical activity intervention 

were evaluated under Chapter 2.1-2.4.   
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In Chapter 2.1 the one year post intervention effects on eating behaviours were evaluated, the 

two year post intervention effects on eating behaviours were presented under Chapter 2.3. 

Adolescents eating behaviours were evaluated using validated food frequency questionnaires 

for fat, fruit and soft drink consumption. At baseline very high percentages of boys and girls 

did not meet fat and fruit intake recommendations and soft drink consumption was very high. 

Such unhealthy dietary habits are putting adolescents at greater risk for immediate and also 

chronic problems (WHO, 2003; License, et al., 2004) and since eating habits are likely to 

further deteriorate in adolescence (Lien, et al., 2001), finding successful ways to promote a 

healthy diet among adolescents was an essential objective of this thesis.  

Most previously conducted interventions were not so successful at targeting eating behaviours 

among adolescents (Thomas, et al., 2004) and they were more likely to be effective if 

classroom curricula were combined with environmental strategies and parental involvement 

was included (O'Neil & Nicklas, 2002; Lytle, et al., 2004). 

Within the present study, a multi-component approach lead to mixed effects on eating 

behaviours. No positive effects on fruit and soft drink consumption were found and although 

the intervention showed potential to effectively target fat intake among adolescent girls, no 

effects were found in boys.  

 

Among girls, there were positive one year post intervention effects on fat intake that were 

sustained after two years of intervention. After the first intervention year, fat intake decreased 

with on average 12 grams per day in the intervention with parental support group, with on 

average 10 grams per day in the intervention group and with only 4 grams per day in the 

control group. Although after the first intervention year, effects were only present in the 

intervention group with parental support, after the second intervention year positive effects 

were present in both intervention groups. During the second intervention year fat intake 
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further decreased in both intervention groups, and after two years an average decrease of 20 

grams/day was found in the intervention groups, while in the control group fat intake 

decreased with on average 10 grams/day less. The multi-component intervention combined 

computer-tailored feedback with environmental changes. Fat intake was mainly targeted by 

the personalized computer tailored intervention. It was therefore assumed that the 

personalized computer tailored feedback was an indispensable intervention component for 

addressing fat intake in girls. The isolated effects of the computer tailored fat intake 

intervention were investigated in a separate study and are further discussed.  

 

The lack of intervention effects on fruit intake was somewhat disappointing. After the first 

intervention year results were fairly hopeful, as fruit intake remained stable in the intervention 

groups, while it decreased with 0.5 servings a week in the control group. However, students in 

the control group recuperated their baseline fruit intake levels after the second intervention 

year, while fruit intake still remained stable in the intervention groups. There might be several 

reasons why the intervention was not effective for increasing fruit intake among adolescents. 

First of all, fruit was offered to the students during lessons or breaks, just once a week, which 

may not have been frequent enough. However, ordering, picking up and distributing the fruit 

once a week required a lot of extra efforts from teachers, and it is questionable if it would be 

feasible to offer fruit more frequently. A second reason for the lack of positive effects on fruit 

intake could be that the computer tailored feedback for fruit intake was delivered together 

with the computer tailored feedback for fat intake. It consisted only of normative feedback 

that was presented after the fat intake advice. From the study presented in Chapter 2.6, it 

became clear that most adolescents evaluated the computer tailored fat advice as too long. 

One forth reported not to have read the advice and an additional 22% reported not to have 
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read the advice entirely. Therefore it is also possible that large proportions of students did not 

read the additional information related to their fruit intake that was presented at the very end.  

Although we also focused on parental involvement, more intensive interventions combining 

parental involvement with multiple classroom sessions and cafeteria promotion of fruit intake 

were more successful in increasing fruit intake among adolescents (O’Neil, et al., 2002; Lytle, 

et al., 2004).  The Planet Health (Gortmaker, et al., 1999) intervention that consisted of 33 

nutrition lessons spread over two school years was also effective for increasing fruit intake, 

but only among girls.  

 

The intervention was also not effective for decreasing soft drink consumption, which is 

probably due to an ineffective implementation. Only when an intervention is implemented as 

intended, intervention effects are expected. During the process evaluation interviews with the 

principals and other members of the working group, it became clear that the huge incomes 

schools receive from selling soft drinks in shops and vending machines were a motive for 

neglecting the importance of removing these unhealthy products from the school 

environment. Although water was made available at lower price or for free, this was not 

sufficient to increase water consumption or decrease soft drink consumption. As there was 

also no computer tailored intervention for soft drink consumption, not so surprisingly there 

were no intervention effects for this behaviour.  

To our knowledge, there is only one previously conducted intervention study that was aimed 

at increasing water consumption and decreasing soft drink consumption among adolescents 

(Loughridge & Barratt, 2005). In that study water cooler sites were introduced in the school 

cafeteria and water promotion lessons were provided. The intervention resulted in increased 

water consumption, but soft drinks consumption remained static.  
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From the results presented in Chapter 1.2 it appeared that boys’ soft drink consumption is 

related to the influence of television and advertisements. It is possible that intervention 

strategies to reduce soft drinks will not be able to compete with the advertisements and strong 

image build by the soft drink producers. 

Further research should point out if such water promoting intervention (Loughridge & Barratt, 

2005) combined  with a soft drink restriction intervention (decreasing availability of soft 

drinks and lessons about the importance of reduced soft drink consumption) might be 

successful for reducing soft drink consumption of adolescents. However, our study results 

suggest that governmental laws may be necessary to convince principals to restrict the 

availability of soft drinks within the school environment.  

 

 

Chapter 2.2 presented the one year post intervention effects on physical activity. The two year 

post intervention effects on physical activity behaviours were evaluated under Chapter 2.3. 

Adolescents physical activity behaviours were evaluated using a validated questionnaire in 

the total sample and using accelerometers in a sub sample of adolescents.  

 

Self-reported data allowed evaluation according to the context of the activities. It appeared 

that combining environmental changes with computer tailored interventions can be an 

effective strategy to increase adolescents’ engagement in school-related physical activity. 

After the first intervention year, school related physical activity increased with on average 47 

minutes per week in the intervention group with parental support, with on average 32 minutes 

per week in the intervention alone group, while it remained stable in the control group. These 

intervention effects were sustained after two years, but only in boys. These results reflected 

that more efforts should be undertaken to keep girls motivated to participate in school related 
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physical activities. Activities that are non-competitive and appealing to girls such as dancing 

and rope skipping should be more frequently offered. It is furthermore very important for girls 

to provide supervision during the physical activity sessions (see Chapter 1.3). 

The mechanisms through which the physical activity intervention yielded effects on school 

related physical activity were evaluated under Chapter 2.5. In that study mediation analyses of 

change in psychosocial determinants on change in physical activity over a 1 year period 

showed that intervention effects were partially mediated through changes in self-efficacy and 

social support. By increasing physical activity opportunities at school, students may have felt 

more confident that they could be active regularly at their school. Physical activity self-

efficacy may specifically be enhanced through successful experiences as special attention was 

given in the program to varying the content of the physical activities offered in order to reach 

all students. In addition, the comprehensive school intervention could have led to more 

perceived support from family members, friends and teachers to be active at school. The 

computer-tailoring part of the intervention also included specific feedback on all the 

psychosocial determinants. Specific for self-efficacy it focused on explaining how being 

active could be ‘easier’ by using active transportation to school and by participating in 

extracurricular physical activities. For social support the personalised feedback gave the 

advice to be active with friends at school.  

Consistent with these longitudinal findings, self-efficacy was the strongest psychosocial 

predictor of total physical activity and participation in extracurricular physical activities 

among boys and girls, in the cross-sectional study presented under Chapter 1.3. However, in 

that study social support was related to total physical activity and it was only related to 

participation in extracurricular physical activities among girls. 
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The intervention was not effective in increasing leisure time physical activity. One 

explanation for the lack of positive effects on leisure time physical activity after the first year 

could be the timing of the intervention period. The intervention started in October and 

subscriptions in most sports clubs take place in August or September. However, after two 

intervention years there were still no positive intervention effects on leisure time physical 

activity. Therefore, a more reasonable explanation is that the intervention was primarily 

school-based. Perhaps interventions designed to target leisure time physical activities, should 

be community- rather than school-based. The short-term results of ICAPS (Intervention 

Centred on Adolescents' Physical Activity and Sedentary behaviour) (Simon, et al., 2003), 

that was aimed at targeting the community (club educators, community agencies, recreational 

areas and transportation infrastructures) showed promising effects of intervening in a broader 

context. Although in the present study efforts were made to increase parental support, 

intervening in a broader social context than the school and home environment seems to be 

required to assess positive intervention effects on leisure time physical activities.  

 

After the first intervention year, there were clear positive intervention effects on time spent in 

moderate to vigorous physical activity measured by accelerometers in both boys and girls, but 

only when parental support was included. In the intervention group with parental support time 

spent in physical activity of moderate to vigorous intensity increased with on average 28 

minutes per week, in the intervention alone group and the control group mean decreases with 

respectively 14 and 47 minutes per week were found. These results suggested that 

instrumental parental support behaviors such as providing transportation, financial support 

and encouragements could be critical for increasing participation in physical activity of 

moderate to vigorous intensity among 11 to 15 year old adolescents. The results after two 

years of intervention were slightly different. Again, intervention effects only sustained among 



General discussion   

195 

boys. However, these results are not further discussed, as there were only 12 boys left in the 

control group and it is questionable if this group was representative, as they were clearly more 

physically active at baseline. 

 

From a public health perspective, the one year post intervention effects on school related 

physical activity and physical activity of moderate to vigorous intensity found in both boys 

and girls were very encouraging. The goal of the second intervention year was the 

continuation of initiatives which were implemented during the first school year. During this 

second year more autonomy was given to the schools. This increase in autonomy and 

decrease in external guidance and support from research staff was aimed at creating a ‘real 

life situation’ in which schools can take over the intervention themselves after one year of 

support. Hence it was hypothesized that the second intervention year would not lead to 

additional positive outcomes but we hoped that positive intervention effects on physical 

activity and fat intake would be sustained. However, the two year post intervention effects 

revealed that intervention effects on school related physical activity and physical activity of 

moderate to vigorous intensity did not sustain among girls. These results were somewhat 

disappointing, as especially girls are typically at risk for low levels of physical activity (Sallis, 

et al., 2000; Pate, et al., 2002; Trost, et al., 2002; Biddle, et al., 2004; Currie, et al., 2004). 

However, the positive one-year post effects for preventing decreases in physical activity of 

light intensity were sustained after two years in both genders. The declines in physical activity 

of light intensity, as seen in the control group, support previous findings that physical activity 

declines during adolescence (Sallis, 2000). 

 

Till now, few intervention trials were aimed at primary prevention of overweight and few 

showed impact on weight status of adolescents (Summerbell, et al., 2005; Wareham, et al., 
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2005). The results presented in Chapter 2.4 showed that our multi-component intervention 

was effective for preventing increases in BMI among girls, but not among boys. The results 

after the first intervention year already pointed towards a less steep increase in BMI and these 

positive effects became even clearer after the second intervention year. However positive 

effects on BMI among girls were only obtained when environmental changes and computer 

tailored feedback was aimed at both adolescents and their parents.  

 

The gender differences in results may have been caused by a combination of several factors. 

First, effects may have been more pronounced in girls as a result of the better implementation 

in typical girl-schools (Chapter 2.4). Secondly, girls have changed there eating behaviours in 

a more healthy direction when compared to boys, as the findings discussed above showed that 

the intervention was effective for decreasing fat intake only among girls.  

 

Next to the school, the home is a fundamental part of adolescents’ living environment. Parents 

are influencing adolescents’ physical activity and eating behaviours considerably.  

Parental support seemed to be required to assess positive intervention effects on BMI after 

one and two years. BMI increases as a result of an imbalance of the energy balance (Reilly & 

Dorosty, 1999; Lobstein, 2004). One side of the energy balance is energy intake. After one 

year of intervention, fat intake decreased among girls but only in the intervention group with 

parental support. Although, at first sight the results suggested that parental support was 

essential to prevent increases in BMI, it is hard to draw straightforward conclusions. In the 

intervention group with parental support 40% of the students were girls, whereas in the 

intervention alone group only 16% were girls. This may have biased the results in several 

ways. Combining the fact that process evaluation measures showed that the intervention was 

better implemented in typical girls’ schools and that the dietary intervention was only 
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effective among girls, it is not clear whether the higher percentage of girls in the intervention 

group with parental support or the parental intervention component itself caused the 

differences in effectiveness for overweight prevention between the intervention with and 

without parental support.  

Differences in BMI between girls in the intervention group with parental support and the 

control group were significant, but were relatively small and are not supposed to lead to 

immediate or long term health benefits. It is however unrealistic to expect dramatic changes 

in BMI, given the level of intensity of the primary prevention program targeted at a 

population that has a relatively healthy weight. The relevance of the intervention effects on 

BMI is that the increases in prevalence rates of overweight (as were found in the control 

group) were prevented in the intervention group with parental support. In the control group 

prevalence rates increased with on average 1.7% over 2 school years, while in the intervention 

group with parents a decrease with 3.1% was found.  

 

Among girls positive intervention effects were found for fat intake, whereas among boys 

intervention effects were especially clear for physical activity. Changes in energy intake (fat 

intake) were probably required to assess intervention effects on BMI, as these were only 

present in girls. Among boys, the intervention only succeeded in the energy expenditure side 

of the energy balance, which was insufficient to prevent increases in BMI. Regarding the 

importance of involving parents it was impossible to draw straightforward conclusions.  

As all intervention effects were studied in the total sample and not in those students at risk for 

unhealthy behaviours or overweight, no insight was provided into which subgroups of 

students changed their behaviour. 
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4. Evaluation of the computer tailored fat intake intervention 

From the results of the multi-component intervention described in Chapter 2.1-2.3 it appeared 

that using computer-tailored interventions in adolescents could be a promising intervention 

strategy. Classroom computer-tailored health education could have lots of potential, since 

little time, few resources and costs are needed to implement such interventions, given the 

opportunities to provide tailored interventions through the internet. So far however, only one 

study (Frenn & Malin, 2003) reported positive effects of a classroom-delivered personalized 

computer-tailored intervention to target fat intake among adolescents.  

A separate study was set up to evaluate the isolated effects of the computer tailored fat intake 

intervention. The study was described under Chapter 2.6 and it was one of the first studies in 

which a computer-tailored intervention to reduce fat intake was adapted and evaluated in 

adolescents. Both acceptability/feasibility and effectiveness were investigated in both students 

of technical/vocational education and of general education. The results showed that 

adolescents liked the use of a computer and they had no problems with the diagnostic tool, 

except that there were too many questions. However, they were less positive about the 

tailored advice. Most adolescents did not perceive the advice as interesting, new, personally 

relevant, and correct. In addition half of the students indicated that the advice was too long 

and one fourth of the students reported not having read the advice. Hence, not so surprisingly 

there were no overall intervention effects. In accordance with the findings from the multi-

component intervention, the data only showed a positive impact among girls following 

technical-vocational education, which may have had several explanations. Girls reported more 

often that they had read the advice, when compared to boys. When compared to girls from 

general education, girls from technical-vocational education more often evaluated the advice 

personally relevant, good and less often as confusing. In addition this group more often 

planned to use the advice. Secondary analyses revealed that the tailored feedback also had a 
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positive impact on fat intake in boys and girls following general education, on the condition 

that they had read the advice. Only in boys following technical and vocational education 

effectiveness was not shown. Although this is in line with the findings of the multi-

component intervention, results should be interpreted with caution. The group of lower 

educated boys only consisted of 9 students of whom 3 students reported to have read the 

advice.  

In conclusion, the positive impact of the tailored intervention was demonstrated among 

adolescents who made the effort to read the advice. Within the multi-component intervention 

students were obliged to read the advice during lessons. They also had to complete a task 

with questions related to their personal advice. However, when students had to read the 

advice independently most of them felt that there was too much information. 

Although further adaptations may improve the acceptability and feasibility of the computer 

tailored intervention for adolescents, the positive impact of the computer tailored was shown 

in two different studies. Given that computer tailored fat intake education has the capability 

of reaching large groups at low cost and with little time, this research shows that using such 

interventions in adolescents has potential. 

 

5. Strengths and limitations, directions for future research and practical implications 

5.1 Strengths and limitations 

The studies described within this doctoral thesis have several strength and limitations that 

relate to the measurements, the study designs and implementation of the interventions. 

 

With regard to the measurements, it is a strength of the studies presented in this thesis, that 

height and weight were measured in a large sample of 2840 adolescents and that physical 

activity was measured more objectively through accelerometers in a relatively large 
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subsample of 258 adolescents. Although, accelerometers are objective and re-useable tools for 

assessing physical activity, accelerometers only measure movements in the vertical plane and 

are limited in their ability to assess activities with limited upper body movement like cycling. 

Another problem with the use of accelerometers in an adolescent sample is the lack of 

consensus on which epoch times and cut-off points are the most appropriate to use (Freedson, 

et al., 2005, Puyau, et al., 2002, Ward, et al., 2005).  

Other measurement limitations relate to the use of self-reported data to measure 

environmental factors and dietary and physical activity behaviours. Although self-reports may 

be used as a measure of the perceived environment, other measures such as geographical 

information systems (GIS) may give the opportunity to measure the actual environment 

(Porter et al, 2004). Self-reported behavioural data are more often biased by social desirability 

and inaccurate responses. This may have resulted in an overestimation of healthy behaviours 

(fruit intake, physical activity) and an underestimation of unhealthy behaviours (fat and soft 

drink consumption). And although all questionnaires were evaluated as valid and reliable 

measurement tools, this may have biased the results regarding the effectiveness of our 

intervention.  

Biomarkers may be used to measure eating behaviours more objectively. However, in larger 

field trials it is hardly impossible to use such complex and expensive methods that increase 

the burden of participants. Alternatives to food frequency questionnaires are food diaries, 24-

hour recalls and diet history methods. In our studies 7 day diaries were also used. Diaries 

were delivered during classes and instructions on how to complete the diaries were given once 

at the beginning of the week. However, many students did not follow the instructions and 

most diaries were completed inaccurately. A daily visit of the researchers to the classroom 

could have solved this problem (Vereecken & Maes, 2003). However, due to financial and 

time constraints this was not realizable. 
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The first three studies were cross-sectional. Although these studies were important for 

understanding relationships between factors that influence eating and physical activity 

behaviours, longitudinal or prospective studies are required to draw causal conclusions. As in 

the studies presented in this thesis, adolescents were measured at three points in time; data 

sets to explore these longitudinal relationships are already available. 

 Strengths of the intervention studies were the quasi randomized controlled experimental 

designs with high participation rates.  

 

Randomization is assumed to create equal study groups which should ascertain internal 

validity. Randomization at the class level, applied to evaluate the intervention effects of the 

computer tailored fat intake intervention, was successful in ruling out baseline differences 

between intervention and control group. However, the randomization at the school level, used 

in the studies evaluating the multi-component intervention, was less successful in ruling out 

baseline differences conditions. For example, the percentage of boys and girls was not equally 

distributed across conditions. The differences in percentage of boys and girls between 

conditions were due to the unequal distribution of typical boys’ and girls’ schools across 

conditions. Boys’ oriented schools offer education in engineering, mechanics,…, where as 

girls’ oriented schools offer education in nursing, cooking,… To deal with the unequal 

distribution of gender across conditions, interaction terms (e.g.  “Gender by condition”) and 

baseline values (e.g. age, baseline physical activity levels) were entered as covariates and 

school was nested within condition into the statistical analyses. However, these baseline 

differences made straight forward conclusions regarding the parental support condition 

impossible.  
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Most of the studies presented in this thesis were conducted among students following 

technical and vocational education. Lower educated adolescents often have lower educated 

parents with lower social status (Van Damme et al., 1997) and a lower social status is often 

associated with unhealthy behaviours. It is therefore a strong point of the studies presented in 

this thesis that they were conducted among a population at risk for unhealthy behaviours.  

 

Although most studies presented in this thesis had relative large sample sizes, significant 

interaction effects often required secondary analyses in smaller subgroups. This may have 

resulted in less representative samples but also in insufficient power to detect intervention 

effects. For example, the results presented in Chapter 2.2 and 2.5 were conflicting regarding 

the presence of intervention effects on leisure time physical activity. However, in the second 

study both intervention conditions were taken together (as this is required to perform 

mediation analyses) and interactions with gender were not investigated, which may have 

resulted in a larger power to detect intervention effects. 

 

Effective implementation of an intervention is essential for an intervention to be effective. 

Only when the interventions were implemented and students were exposed to it, the effects 

can be subscribed to the intervention. Insufficient implementation may cause lack of 

intervention effects.  

Implementation of a multi-component healthy eating and physical activity intervention in a 

middle school setting was difficult to optimize for several reasons. First of all, in order to 

increase fidelity to the intervention, principals and teachers needed to be convinced of the 

importance of their role in promoting healthy eating and physical activity. They often felt that 

it was not their responsibility to devote some of their time to the implementation of the 

intervention. Some teachers also argued that other health-related issues such as sexuality, 
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alcohol and drug use prevention should receive a higher priority. Although, in every school a 

select group of teachers was enthusiastic about implementing the intervention, they were 

often discouraged by the limited interest from teachers and staff that were not directly 

involved. Secondly, every school had its specific school context. Unchangeable factors within 

the school environment enhanced or limited opportunities for promoting healthy eating and 

physical activity. To avoid resistance, it was important to give principals and teachers 

sufficient freedom to work within their own possibilities. 

The interventions were fully implemented by the school staff. Thus the results of the 

intervention studies give a realistic view on how effective the intervention would be, if 

implemented on a larger scale. However, this strength may also have resulted in large 

variability of implementation between schools.  

To explain how implementation levels influenced intervention effects, processes of 

implementation were measured through questionnaires. Despite this, the lack of objective 

process evaluation data is a limitation of the present study.  

 

The results presented under Chapter 2.3 suggested that intervention effects sustained as a 

result of the continuation of the intervention during the second intervention year. It is not 

clear if the second intervention year per se was responsible for these sustained improvements. 

The first year of the intervention per se, may have been sufficient to result in sustained 

behavioural changes. To get more insights into the isolated effects of the second intervention 

year, an additional control group would have been needed, in which students were only 

exposed to the first intervention year and not to the second intervention year. 

 

Another strong point is the use of a new intervention type, namely a computerized tailored 

intervention which was used for the first time in adolescents. For the evaluation of the 
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computer tailored fat intake intervention (Chapter 1.9) a more controlled setting was used, 

since it was delivered through classes under supervision of the researcher. However, also in 

that study, self-reported process evaluation measures were used to assess if the information 

was read.  

 

5.2 Directions for future research 

Further research that has been planned based on the results of the studies presented in this 

thesis is briefly described. Further, some suggestions or possibilities for future research are 

formulated. 

 

To get a better understanding of the relationships between environmental factors that are 

important for adolescents eating and physical activity behaviours, it is first necessary to 

develop a valid and reliable comprehensive environmental questionnaire. Next, longitudinal 

studies are required to predict the impact of environmental factors on eating and physical 

activity behaviours. Longitudinal data are also required to predict how environmental changes 

may predict changes in behaviour. 

 

Although multi-component interventions are assumed to be more effective, more controlled 

efficacy trials are needed to examine what intervention components, implemented under 

optimal conditions, are more or less effective to achieve behaviour change among 

adolescents. For example, the isolated effects of offering fruit more than once per week, of 

removing soft drinks from the school environment and of offering the computer tailored 

physical activity intervention would be worth investigating.  
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As from the study under Chapter 2.6 it appeared that large proportions of students reported 

that the computer tailored fat intake intervention contained too much information, future 

research directions should aim at investigating the impact of a shorter version of the same 

intervention.  

Mediation analyses may provide insight in the mechanism through which the computer 

tailored interventions worked. The study presented under Chapter 2.5 showed that messages 

related to self-efficacy and social support may be very important for the physical activity 

tailored advice. For the fat intake tailored advice, further research should make it possible to 

select the most important pieces of information and to determine which blocks of information 

were redundant. Adaptations to the content of the information that might increase personal 

relevance, interestingness and novelty for adolescents should be tested. Critical hours of 

exposure should be determined and long-term impact of the intervention should be 

investigated.  

 

Interventions that are not implemented as intended are not likely to be effective. Hence, future 

research directions should move one step forward towards the development of strategies to 

get the whole community (parents, schools, policy makers,…) involved. For example, 

removing soft drinks out of the school environment may be effective, but how do we advocate 

this to the schools? Similar challenges exist within the community at large. 

 

5.3 Practical Implications 

The practical implications of this thesis relate most of all to the findings of the intervention 

studies. The multi-component intervention promoting healthy eating and physical activity was 

found to be effective for improving eating and physical activity behaviours in middle school 
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adolescents. The intervention was designed with one eye towards dissemination and 

favourable effects of larger scale implementation may thus be expected.  

The implementers of the intervention were principals and classroom teachers. The 

intervention was built to make flexible adaptation to every school context possible and the 

intervention manual gave clear and precise information on how the intervention should be 

implemented. The computer tailored interventions were provided on CD-rom and were self-

explanatory. Thus the intervention program was ready to use. 

By the end of the research study, promotion of healthy eating and physical activity through 

schools received higher priority at the national level, as four ministers signed a consensus 

statement regarding health promotion at school. Hence, health promoting organizations were 

also more interested in implementing these issues. All intervention materials were turned over 

to the Flemish Institute for Health Promotion (VIG) and the ‘Stichting Vlaamse Schoolsport’ 

(SVS) for dissemination and it was made available over the internet (www.fitteschool.be). At 

the same time, workshops and training sessions for teachers were organized in five Flemish 

provinces. Some suggestions for increasing the effectiveness of the healthy eating and 

physical activity intervention are given below: 

• Results of the two studies in which the computer tailored fat intake intervention was 

evaluated, suggested the need for effective strategies to motivate students to read the 

tailored fat intake advice. Within the multi-component intervention students were 

obliged to read the computer tailored feedback as they had to complete a task in which 

questions related to their personal advice were asked. Shortening the length of the 

questions and messages of the tailored advice could also increase the likelihood that 

students will make the effort to read the entire advice. 

• Offering fruit during breaks just once a week appeared to be insufficient to increase 

adolescents’ fruit intake. Results from previous intervention studies (O’Neil, et al., 
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2002; Lytle, et al., 2004) suggested that the combination of parental involvement, 

multiple classroom session and cafeteria promotion of fruit intake might be more 

effective. The cafeteria may well be the most convenient place to offer fruit. In the 

cafeteria, a large variety of fruits can be offered, whereas on the other hand some fruits 

are not ready to eat during breaks. Another advantage of offering fruits in the cafeteria 

is that catering staff can be involved for ordering, distributing and promoting fruit 

intake. On the other hand, by promoting fruit in the cafeteria, some students may not 

be reached as not all students consume their meals at school. 

• Making water available at lower price or for free, was not sufficient to increase water 

consumption or decrease soft drink consumption. To decrease soft drink consumption 

among adolescents the combination of restricting the availability with lessons about 

the importance of drinking water in stead of soft drinks may be more effective. The 

use of point-of-decision prompts, such as labels to indicate healthy and unhealthy 

beverages should also be evaluated as a strategy to decrease soft drink consumption. 

• Secondary schools should be encouraged to make sports materials available during 

breaks and to organize extra physical activities during and after school hours. 

Especially among boys these strategies appeared to be effective to increase physical 

activity at school. Special attention should be given to keep girls motivated to use the 

sports materials and to participate in school related physical activities by providing 

activities that are enjoyable for girls (e.g. dancing or rope skipping).  

Providing extracurricular activities is not part of the job description of physical 

education or other teachers and these activities are mainly organized by volunteers. To 

encourage every secondary school to organize extra physical activities for their 

students it might be necessary to provide physical education teachers with an 

additional valorised function to promote physical activity at school. 
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• Providing teachers with didactical guidelines that promote high activity levels during 

physical education lessons may be an effective strategy to increase participation in 

MVPA during physical education classes. The effects of applying health-related 

didactical guidelines should be investigated in Flemish secondary schools, as 

including such component could further increase the intervention effects on physical 

activity. 

• To increase leisure time physical activity more attention should be paid to the 

promotion of a physically active lifestyle.  

The computer-tailored physical activity intervention may serve as a health education 

tool to promote lifelong physical activity. The physical activity advice provides 

information on the importance of being active and tips on how to create an active 

lifestyle. However, it could be more important to involve actors at the community 

level to increase participation in leisure time physical activity. 

• Social-ecological and social-cognitive theories emphasized the importance of the 

interaction between the individual and environmental factors in influencing health 

behaviours. Within the present healthy eating and physical activity intervention, the 

responsibility of the individual was targeted through the computer tailored 

interventions. However the choice of the individual to go for health was supported by 

the environmental changes. For example: the tailored physical activity advice 

encouraged students to participate in physical activities at school and at the same time 

more extracurricular physical activities were organized. Modern public health 

promoters that strive for maximizing the health benefits for the highest number of 

people should take into consideration both the individual and higher level 

responsibilities, and health promoting actions should be undertaken at different levels. 

It is of no use to motivate people to cycle to work, if there are no safe roads to cycle 
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on. On the other hand, it may not be sufficient to provide safe cycle roads, if people 

have no intention to cycle to work and education on health promotion is not provided. 

Therefore, it might be important to get all actors at different levels involved. The 

school can not be the only institute responsible for the promotion of health behaviours 

among adolescents; healthy eating and physical activity promotion should be a shared 

responsibility between school, family and community. Intervening in the broader 

environment by involving parents, club educators and community agencies and by 

targeting recreational and transportation infrastructures might be more promising. We 

will never be able to create an environment in which healthy choices are the only and 

obligated option. Hence, it will always remain important to appeal to the individuals’ 

responsibilities. 

 

All studies presented in this thesis were carried out by the Policy Research Centre for Sport, 

Physical Activity and Health, a consortium of researchers from KULeuven, Ghent University 

and VUBrussel funded by the Flemish Government.  
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APPENDIX 

 

Relevant publications by the author not presented in this thesis: 

 
Leen Haerens, Benedicte Deforche, Corneel Vandelanotte, Lea Maes and Ilse De Bourdeaudhuij. 

Acceptability, Feasibility and Effectiveness of a Computer-tailored Physical Activity Intervention 

in Adolescents. Patient Education Counseling, 2007, Accepted 

 

Leen Haerens, Benedicte Deforche, Lea Maes and Ilse De Bourdeaudhuij. Explaining the effects 

of a 1-year intervention promoting a low fat diet in adolescent girls: a mediation analysis. 

International Journal of Behavioral Nutrition and Physical Activity, 2006, In revision 

 

Errata 

• The conclusions regarding the decrease in percentage of energy from fat in Chapter 

2.1 and 2.3 were incorrect. Percentage of energy from fat was calculated as the 

proportion of measured fat intake compared to recommended energy intake. Total 

energy intake was not measured and was estimated from standard recommended 

intake tables. However, among students with a higher actual energy intake than 

recommended, energy intake was underestimated and among students with a lower 

actual energy than recommended, energy intake was overestimated. This has biased 

the calculations of percentage of energy from fat. Among students with actual energy 

intakes higher than recommended, percentage of energy from fat was underestimated. 

On the other hand, among students with lower actual energy intake than 

recommended, percentage of energy from fat was underestimated. Hence, such 

calculations make it impossible to determine whether declines in absolute fat intake go 

together with declines in actual energy intake or not. Conclusions regarding the 

decreases in percentage of energy from fat should be ignored. 
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• In Chapter 2.1 and chapter 2.2 F-values were calculated with dummy variables as 

dependent variables, which is incorrect. One-year post intervention effects on the 

percentage of students meeting fat and fruit intake recommendations (Chapter 2.1) and 

physical activity recommendations (Chapter 2.2) were recalculated using binary 

logistic analyses. Analyses were adjusted for baseline compliance with fat, fruit and 

physical activity recommendations. Students in the intervention with parental support 

group when compared to the control group had 34% (OR=1.34) more change of 

complying with fat intake recommendations (p<0.05, 95%CI: 1.06 to 1.69), there were 

no differences for compliance with fruit intake recommendations (OR=1.01, 95%CI: 

0.77 to 1.35) or for compliance with physical activity guidelines (OR=1.12, 95%CI: 

0.38 to 3.27). Contrary to the expectations, students in the intervention group without 

parental support when compared to the control group had a lower change of 

complying with fruit intake recommendations (p<0.05, OR=0.66, 95%CI: 0.47 to 

0.93), there were no differences for compliance with fat intake recommendations 

(OR=0.83, 95%CI: 0.63 to 1.09) or for compliance with physical activity guidelines 

(OR=0.91, 95%CI: 0.27 to 3.07). 
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Middenschool-Instituut De Pélichy 
Izegem, Sint-Jozefscollege Izegem, Heilig 
Hart Instituut Harelbeke, Sint-Jan 
Berchmansmiddenschool en Sint-Jan  
Berchmanscollege Avelgem en het Sint-
Vincentius Instituut Anzegem. Jullie allen 
kan ik niet genoeg bedanken! De talrijke 
metingen waren telkens een enorme 
organisatie, de ganse school stond vaak op 
stelten: vier verschillende vragenlijsten 
invullen, leerlingen meten en wegen,… en 
dit tot drie keer toe. Ook het uitwerken en 
uitvoeren van de interventie deden jullie 
volledig vrijwillig. Zonder jullie blijvend 
enthousiasme, inzet en vrijwillige hulp zou 
dit onderzoek niet mogelijk geweest zijn. 
Bedankt! 

Verder wil ik ook mijn vrienden en alle 
jobstudenten, thesisstudenten en collega’s 
bedanken voor hun nauwgezetheid, inzet 
en goedgezindheid bij het uitvoeren van de 
talrijke metingen en het inscannen van de 
vragenlijsten. 
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Collega’s op het HILO, bedankt voor de 
vriendschap op en buiten het werk. De 
losse sfeer, leuke babbels tijdens de koffie- 
en middagpauzes, de toffe sfeer op 
congressen en talrijke randactiviteiten en 
uitstapjes maakten deel uit van vier 
aangename werkjaren. 

 
Bedankt Mieke, mijn reisgenootje van Brugge 

naar Gent. De fiets- en treinritjes waren 
altijd fun en meestal zelf te kort. 

 
Bedankt Sara en Bart, met jullie talenknobbel 

hebben jullie mijn teksten vaak heel wat 
verbeterd.  

 
Vrienden, bedankt voor alle onvergetelijke 

momenten! De ontspannende 
voetbaltrainingen, gezellige etentjes, 999-
bijeenkomsten, supporteravondjes in de 
basket (DBB olé olé),…zijn voor mij 
onmisbaar.  

 
Mama en papa, bedankt voor alle hulp als het 

eens wat drukker was: de lekkere 
maaltijden, het strijken, de hulp bij het 
verhuizen, het installeren van de 
kinderkamer en zoveel meer. Niets is jullie 
teveel. Ik kan jullie niet genoeg bedanken 
voor jullie liefde en alle steun achter de 
schermen. 

 
En ten slotte Koen, bedankt voor alles. Je zorg 

tijdens die laatste drukke maanden, je rust 
en relativeringsvermogen geven me 
ongelooflijk veel kracht.  

 
Leen Haerens 
December 2006 




