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Abstract: This study examines the effectiveness of the peer-delivered, school-based intervention 

Healthy by Design (HbD). Data were collected in two cross-sectional surveys before and after in-

vention implementation. In total 1,177 vocational students (before: 557, after: 620) participated in an 

online health behaviour survey. Multilevel logistic and multilevel linear models explored the effect 

of the intervention over time and the effect of the intervention dose received on (determinants of) 

dietary of physical activity behaviours. A significant positive effect over time was found for mod-

erate intensity physical activity. A high intervention dose was positively associated with increased 

water, breakfast and fruit consumption and higher levels of moderate and vigorous physical ac-

tivity compared to no intervention dose received. A moderate and high intervention dose was 

negatively associated with high calorie snacks consumption compared to no intervention dose re-

ceived. Effects of HbD on the investigated dietary and physical activity behaviours over time are 

limited, but these effects may be hard to demonstrate and link to the intervention due to the nature 

of the intervention design and the natural school-setting of this quasi-experimental study. How-

ever, a higher intervention dose showed a strong relation with healthier dietary and physical ac-

tivity behaviours. 
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1. Introduction 

Obesity is a major problem in today’s Western societies and has enormous medical, 

economic and social consequences [1]. Given that overweight is often due to an ener-

gy-imbalance, lifestyle choices are part of this problem [2]. Besides its role in overweight, 

unhealthy lifestyle choices themselves, like insufficient physical activity and an un-

healthy diet, can increase the risk of non-communicable diseases [3-6]. Obesity in ado-

lescence is a strong predictor of obesity in adulthood [7,8]. Therefore, it is important that 

young people make healthy lifestyle choices [9]. Unfortunately, there is a large group of 

young people that do not meet the physical activity and dietary guidelines [10]. Fur-

thermore, unhealthy lifestyle choices are not evenly distributed across this group [10-12]. 

Special attention should go to secondary vocational students as a considerable number 

are overweight, show low physical activity levels, high levels of sedentary behaviour and 

often fail to meet the dietary guidelines [13,14]. Most secondary vocational students, can 

be either grouped as late adolescents (16–19-year-olds) or young adults (20–24-year-olds) 

[15]. It is an age in which they are in the transition from adolescence to adulthood and in 

a life phase considered as an important time for establishing and intervening on 

long-term health behaviour patterns [15,16].  
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Even though obesity and unhealthy lifestyle choices are a major problem in sec-

ondary vocational students, very few health promoting interventions have been devel-

oped to improve their health behaviours. The ones that do exist did not prove to be suc-

cessful in achieving a sustainable change in dietary and physical activity behaviours, or 

have not been evaluated [17,18]. However, in children and adolescents, many 

school-based health promoting interventions show a positive effect on physical activity 

and healthy eating and some showed a decrease in overweight [19-21]. Besides 

school-based health promoting interventions, peer-delivered interventions also seem to 

be a promising health promoting intervention strategy. While the effect of these 

peer-delivered interventions is not always clear and requires more research, many of 

them show promising results for health behaviours like physical activity and healthy 

nutrition in adolescents [22-24]. Furthermore, the combination of peer-delivered and 

school-based strategies in one intervention could be valuable in health promotion for 

adolescents [25]. A Spanish school-based, peer-led, social marketing intervention for high 

school students in disadvantaged neighbourhoods for example proved to be effective in 

increasing fruit consumption and physical activity [26]. In addition to the intervention 

strategy, theoretical underpinning is suggested to be important to increase effectiveness 

of lifestyle interventions [27].  

Recently, a lifestyle intervention has been developed for vocational students with 

these limitations in mind. Healthy by Design (HbD) is a school-based, peer-delivered 

healthy lifestyle intervention promoting dietary and physical activity behaviours in vo-

cational students. In the intervention implementation phase, senior secondary vocational 

students function as role-models to motivate fellow-students to eat healthy and be 

physically active. On a weekly basis, they organize health promoting activities, give 

personal advice and individual support to fellow students who wish to improve their 

lifestyle. They also distribute the (social) media campaign.   

This study aims to investigate the effectiveness of the HbD intervention on the die-

tary and physical activity behaviours of vocational students, using a quasi-experimental 

design. In addition, the second aim is to investigate the influence of the received inter-

vention dose on dietary and physical activity behaviours of vocational students. Behav-

iour change is however challenging to measure, because lifestyle behaviours like physical 

activity and diet are complex collections of interacting actions [28]. Therefore, determi-

nants of dietary and physical activity behaviour are also included in this study.  

This makes it important to address the underlying theoretical basis of the interven-

tion, which is based on the Environmental Research framework for weight Gain preven-

tion (EnRG) [29]. The EnRG framework states that energy balance-related behaviour is 

influenced by environment, cognitive mediators and moderators. Both the Theory of 

Planned Behaviour and the Self-Determination Theory were chosen as underlying theo-

ries within this framework following previous results of preliminary research in the in-

tervention design phase [30]. The Theory of Planned Behaviour states that behaviour is 

underpinned by someone’s intention to perform that behaviour. [31]. This intention is 

influenced by the subjective norm and perceived behavioural control [32]. Social norms 

have been suggested to be important in the health behaviour of adolescents and young 

adults, underlining the importance of peers and parental relations [33,34]. In addition to 

this, motivation seems to be an important determinant in the behaviour of vocational 

students [35]. Motivation can be seen as a moderator in the EnRG framework. The Self 

Determination Theory (SDT) is used in various health contexts to explain the construct of 

motivation by dividing it into autonomous, controlled and amotivation [36-38]. In addi-

tion, SDT motivation types have been suggested to influence health behaviour of ado-

lescents and have been named as promising intervention targets [39,40]. In addition to 

underlying theories, it is important to acknowledge the complexity of this effect evalua-

tion due to the school-based nature of the HbD intervention and its multiple interacting 

components and various outcome measures and variables [41-43]. 

2. Materials and Methods  
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2.1 Intervention programme  

The HbD intervention is a school-based healthy lifestyle intervention for secondary 

vocational students aged sixteen years and older. In the Netherlands, students following 

secondary vocational education are mostly between 16 and 24 years old and attend one of 

the four levels of a vocational education and training (VET) programme [44]. The main 

aim of the HbD intervention was to promote a sustainable change in the (determinants 

of) dietary and physical activity behaviours among vocational students. More specifi-

cally: 

▪ Increase the daily consumption of water 

▪ Reduce the daily consumption of soft and energy drinks 

▪ Reduce the daily intake of unhealthy snacks 

▪ Promote daily breakfast consumption 

▪ Increase the daily intake of fruits 

▪ Increase daily walking 

▪ Increase weekly sport activities 

▪ Improve knowledge on dietary and physical activity guidelines 

▪ Improve social support on healthy dietary and physical activity behaviours 

▪ Improve motivation for healthy dietary and physical activity behaviours 

 

The intervention program was conducted for and by vocational students under supervi-

sion of a HbD coordinator and consisted of two parts: an internship program and a (so-

cial) media campaign. The intervention activities were conducted by interns, senior Life-

style & Sports students who acted as so called ‘Fit Coaches’ to motivate their fellow stu-

dents for a healthy lifestyle. Table 1 gives an overview of all intervention components, 

their function and the behaviour change techniques that were incorporated [45]. 

Table 1. Healthy by Design intervention components, intervention function and behaviour change techniques targeted. 

Intervention components Function Behaviour change techniques 

Physical activity classes orga-

nized per vocational education 

training programme 

Training 

Modelling 

Social support 

Instruction how to perform the 

behaviour 

Demonstration of the behav-

iour 

Behavioural practice 

Healthy lifestyle events per 

school location 

Attention* 

Persuasion 

Information about health con-

sequences 

Material incentive 

Behavioural practice 

In class nutrition education Education 

Persuasion 

Information about health con-

sequences 

Salience of consequences 

Cooking classes Persuasion 

Training 

Instruction how to perform the 

behaviour 

Demonstration of the behav-

iour 

Behavioural practice 

Personal coaching of fellow 

students on healthy lifestyle 

goals 

Persuasion 

Training 

Goal setting 

Action planning 

Feedback on behaviour 

Social support 

In school media campaign Attention 

Education 

Information about health con-

sequences 
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Salience of consequences 

Prompts/cues 

Social media campaign Attention 

Education 

Persuasion 

Information about health con-

sequences 

Salience of consequences 

Prompts/cues 

* attention is not an intervention function according to Michie et al. [45] but these com-

ponents also served the purpose of drawing overall attention to HbD intervention activ-

ities 

2.2 Study design and intervention implementation 

The HbD intervention was implemented in school years 2017–2018 and 2018–2019 at 

two locations of a secondary vocational school in an urban area of the Netherlands. A 

quasi-experimental design was used with two experimental locations and one control 

location. This is depicted in figure 1. The two experimental locations will be referred to as 

location A and B. One control location, location C, did not implement the intervention. 

Implementation took place in phases; location A participated for one year, whereas loca-

tion B participated for two years in the intervention. All students of the experimental 

locations were exposed to multiple components of the intervention. They were however 

free to choose whether they participated in the planned activities. 

To carry out the effect evaluation, the intention of this study was to measure all 

participants’ (determinants of) dietary and physical activity behaviour longitudinally 

and compare control with experimental groups. Control location C however eventually 

refused participation after the baseline measurement, causing the control group to be 

excluded from the study. In addition, longitudinal measurements among the experi-

mental group were not possible due to the very low response rate of 13% at follow-up. 

This problem persisted regardless of various incentives offered to participants of the 

baseline measurement, like the possibility of winning a gift voucher. Therefore, the study 

design had to be changed into a repeated cross-sectional design without a control group. 

The baseline measurement was performed at the beginning of the first school year in 

November 2017-January 2018. The follow-up measurement was performed at the end of 

the second school year in May-June 2019. 

2.3 Study population 

Participants were recruited by convenience sampling. Secondary vocational schools 

were contacted and then made a selection of classes that were visited by the researchers. 

Participation in the study was on a voluntary basis. For the baseline measurement, only 

first and second year vocational students were included. For the follow-up measurement, 

all first, second, third and fourth year secondary vocational students were included. Par-

ticipants under sixteen years of age were excluded for both measurements. Every par-

ticipant received information about the study beforehand via email and filled in an elec-

tronic consent form during class before taking the digital survey. As can be seen in the 

flow chart of Figure 1, a total of 1,177 students were included in the study sample, 557 at 

baseline and 620 at follow-up. This study was exempted from review by the Medical 

Ethics Committee Southwest Holland, because it is not within the scope of the Dutch 

Medical Research Involving Human Subjects Act [46]. 
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Figure 1. Flow chart of the study sample. VET = vocational education and training 

2.4 Data collection 

2.4.1 Dietary behaviours 

Personal characteristics and dietary behaviour were measured using questions of 

the periodic youth health monitor system of the Dutch regional health authorities [47]. 

Participants were asked how many days per week they consumed breakfast, fruit, water, 

soda, and sweet and savoury snacks. Furthermore, they were asked about the quantity 

they usually consumed of these dietary variables on those days.  

2.4.2 Physical activity behaviours 

The Short QUestionnaire to ASsess Health- enhancing physical activity (SQUASH) 

was included to measure the total time spent in in light, moderate and vigorous physical 

activity by asking participants about the number of days per week they spend walking, 

biking and doing sports amongst others, in addition to the duration of this physical ac-

tivity. Even though this questionnaire has been proven valid, some questions had to be 

adapted beforehand by the researchers to ensure clarity for the target group [48]. An 

example of this is that work related physical activity was changed into side job related 

physical activity.  

2.4.3 Determinants of dietary and physical activity behaviours 

The type of motivation (i.e. autonomous motivation, controlled motivation and 

amotivation) was measured separately for dietary and physical activity behaviour, using 

the Treatment Self-Regulation Questionnaire (TSRQ). This questionnaire asks partici-

pants to score various statements related to the three types of motivation, using a five 

point scale [49].  

 Besides the various types of motivation, the perceived descriptive norm was also 

measured. This subtype of the social norm is defined as what we believe that (our im-

portant) others would do concerning a specific behaviour [31]. This perceived descriptive 
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norm was measured by asking the students how often they think their friends perform 

certain health behaviour. One of the questions was for example: ‘how often do your 

friends drink soda?’. Answer options included a five point scale, ranging from never to 

very often. Students that answered with ‘I don’t know’, were excluded from further 

analysis on this topic.  

 Knowledge of the guidelines for fruit consumption and physical activity was 

measured by asking the students if they know what the Dutch guidelines for fruit con-

sumption and physical activity are [50,51]. The guideline for physical activity for adults 

differs from the guideline for youth under eighteen [51]. Therefore, the knowledge of 

both guidelines was measured. This was done by giving the participants multiple answer 

options from which they had to select the correct option.  

2.4.4 Background variables 

Covariates included age, gender, Body mass index, level of education and type of 

vocational school. BMI was determined using the self-reported body weight and height 

of the participant. Level of vocational education included level 2, 3 and 4. Participants 

attended six different types of VET programmes, as can be seen in the flow chart of Fig-

ure 1.  

2.5 Data analysis 

Due to the cross-sectional nature of the study, the follow-up measurement included 

different students compared to the baseline measurement. To investigate the effective-

ness of the HbD intervention, several outcome measures were investigated. These in-

clude the above mentioned dietary and physical activity behaviours and their determi-

nants. For dietary behaviours, the results of the survey questions were used to calculate 

the average daily or weekly intake of each dietary variable. The Netherlands Nutrition 

Centre advises to consume a maximum of three unhealthy products per week, the 

so-called week choices [50]. Therefore, a sum score was made to indicate the number of 

high calorie snacks. This included the number of sweet and savoury snacks and the 

number of portions of 250mL of energy drink and soda. For physical activity, the average 

number of minutes per week that participants engaged in moderate and vigorous phys-

ical activity was calculated.  

SDT motivation types were calculated by averaging the scores of the different types 

of statements, which resulted in the average autonomous, controlled and amotivation 

score for both diet and physical activity behaviour. Following the method of Ball et al. 

[52], the measured answers to perceived descriptive norm questions for dietary and 

physical activity behaviours were dichotomized into the options almost never/not very 

often/neutral and (very) often. This resulted in dichotomous perceived descriptive norm 

variables for water, soda, fruit, sports and walking. Knowledge of the fruit and physical 

activity guidelines was dichotomised in yes, when participants selected the right guide-

line as their answer, and no when they failed to give the right answer.  

Two different models were used to investigate the effect of the intervention on the 

outcome measures. In the first model, the effect over time on the outcome variables was 

investigated. This was done by including time of measurement (baseline or follow-up) in 

the model, which revealed whether there were significant changes in the (determinants 

of) behaviour of participants over time. However, Healthy by Design is a complex in-

tervention in a real-life school-setting. Changes in behaviour over time can be influenced 

by many factors other than the intervention and it is likely that exposure to the interven-

tion varied in the study sample. Therefore the second model, investigated the effect of 

intervention dose received on the outcome measures. As suggested by Pirie et al.[53], 

dose received was calculated using various survey questions asking about exposure to 

the intervention, like ‘Have you seen HbD on social media?’ or ‘Did you participate in 

any of these intervention activities: … .’. The answers were added up and this sum score 

was then categorized into ‘no dose’, ‘low dose’ and ‘high dose’ received, based on equal 

distribution of these three groups at follow-up. At baseline, all participants were at-

tributed to the ‘no dose’ received group. 
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Statistical analyses were performed using SPSS 25. Variance analysis was performed 

and outliers were removed from analysis where necessary. Data had a multilevel struc-

ture; participants were nested within the type of VET programme they attended. To take 

this nesting into account, multilevel modelling was performed with VET programme as 

the random effect. In addition, the model was corrected for age, BMI, gender, location 

and level of VET education. These covariates were chosen based on literature and the 

expected interaction with both the outcome measures and tested variables [54-56]. Mul-

tilevel logistic and multilevel linear regression were used to estimate either ORs or betas 

explaining the effects over time and the effect of intervention dose received on the men-

tioned outcome measures. Statistical significance was tested using an alpha of 0.05. To 

investigate the variation due to the nested structure of the data, the Intraclass Correlation 

Coefficient (ICC) was calculated. 

3. Results 

3.1 Sample characteristics 

Table 2 presents the study sample characteristics, measured at baseline and follow-up. A 

total of 557 students participated at baseline with a mean age of 17.6 years. At follow-up, 

a total of 620 students participated with a mean age of 19.8 years. The gender, age and 

BMI of the follow-up group differed significantly from the baseline group. The received 

intervention dose was distributed as follows at follow-up; 36% of participants were not 

exposed to the intervention at all, 30% received a low intervention dose and 34% received 

a high dose. The calculated frequencies and descriptive measures for (the determinants 

of) the investigated dietary and physical activity behaviours can be found in Appendix 

A.  

Table 2. Study population characteristics at baseline and follow-up. 

 Baseline Follow-up 

 Location A Location B Total Location A Location B Total 

N 228 329 557 337 283 620 

Gender       

Male 30% 62% 49% 16% 57% 35%** 

Female 70% 38% 51% 84% 43% 65% 

Age (years) 17.7 17.4 17.6 20.5 19.0 19.8** 

Standard devia-

tion 

1.7 1.6 1.7 5.7 2.1 4.5 

BMI (kg/m2) 22.5 21.8 22.0 23.5 22.9 23.2** 

Standard devia-

tion 

3.3 2.7 2.9 4.5 3.9 4.3 

VET level       

Level 2 0% 10% 6% 0% 12% 5% 

Level 3 3% 32% 20% 19% 24% 21% 

Level 4 97% 58% 74% 81% 64% 74% 

** p < 0.01       

3.2 Dietary and physical activity behaviours 

The results of the multilevel linear regression analyses for dietary behaviour can be 

found in table 3. In the first model - testing differences in outcome variables over time - 

there are no significant effects between the baseline and follow-up measurement for any 

of the dietary variables. In the second model - testing the effect of the intervention dose 

received - a low intervention dose shows a significant negative association with high 

calorie snacks in reference to no intervention dose. Receiving a high intervention dose 

was significantly associated with less high calorie snacks and more breakfast, water and 

fruit consumption compared to not being exposed to the intervention. 
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Table 3. Multilevel estimates for the associations between dietary behaviour and intervention factors 

High calorie snack consump-

tion (portions/week) Effect over time 

 Effect of intervention 

dose received 

β 95% CI   β 95% CI  

Time 1 -1,8 -4,4 0,9  1,1 -2,2 4,5 

Dose received (DR)1*    
 

   
No DR    

 reference 

Low DR    
 -4,2* -8,2 -0,2 

High DR    
 -4,5* -8,5 -0,6 

Breakfast consumption 

(days/week) Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 -0,3 -0,6 0,1  -0,2 -0,8 0,3 

Dose received (DR)1***    
 

   
No DR    

 reference 

Low DR    
 0,4 -0,1 0,9 

High DR    
 1,0*** 0,5 1,6 

Fruit consumption (por-

tions/day) Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 0,0 -0,1 0,1  0,0 -0,2 0,1 

Dose received (DR)1**    
 

   
No DR    

 reference 

Low DR    
 0,0 -0,1 0,1 

High DR    
 0,2** 0,1 0,4 

Water consumption (mL/day) 

Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 86 -2 147  17 -103 136 

Dose received (DR)1*    
 

   
No DR    

 reference 

Low DR    
 17 -118 153 

High DR        170* 33 306 

* p<0,05, ** p<0,01, *** p<0,001 

1 reference groups: baseline measurement=0, location A=0, baseline measurement x location A=0 and no dose received=0 

a outcomes on dietary behaviour, controlled for gender, BMI, VET level and age 

b outcomes on dietary behaviour, controlling for location and dose received, in addition to all covariates mentioned under 

a. The interaction term of location and time was investigated and removed due to not showing any effect, except for 

breakfast consumption where it proved to have a significant influence.  

Table 4 shows the associations between the intervention factors and physical activity 

behaviour. There is a significant positive effect over time for moderate intensity physical 

activity. In the dose received model, a high intervention dose received shows a signifi-

cant positive association with the amount of moderate intensity physical activity per 

week compared to no intervention dose. This is the same for vigorous intensity physical 

activity and moderate and vigorous intensity physical activity combined.  

Table 4. Multilevel estimates for the associations between physical activity behaviour and intervention factors 
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Moderate intensity physical activity 

(min/week) Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 97* 11 183  15 -100 131 

Dose received (DR)1        
No DR     reference 

Low DR     67 -65 199 

High DR     150* 17 282 

Vigorous intensity physical activity 

(min/week) Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 -25 -60 11  -65** -113 -16 

Dose received (DR)1*        
No DR     reference 

Low DR     39 -14 92 

High DR     67* 15 123 

Moderate & vigorous intensity 

physical activity (min/week) Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 78 -18 173  -49 -176 79 

Dose received (DR)1*        
No DR     reference 

Low DR     103 -40 245 

High DR        219* 74 363 

* p<0,05, ** p<0,01, *** p<0,001 

1 reference groups: baseline measurement, location 2/3, baseline measurement x location 2/3 and no dose received 

a outcomes on PA behaviour, controlled for gender, BMI, VET level and age 

b outcomes on dietary behaviour, controlling for location, in addition to all covariates mentioned under a. The interaction 

term of location and time was investigated and removed because it was not significant 

3.3 Determinants of dietary and physical activity behaviours 

The regression estimates for the determinants of dietary behaviour are shown in table 5. 

In the first model, it can be seen that there was a negative significant effect for the au-

tonomous motivation score over time. In the dose received model, this effect becomes 

significantly positive. In addition, there was a positive effect for the amotivation score for 

diet over time. In the dose received model, there is a positive association with a low in-

tervention dose compared to no intervention dose for amotivation. 

Table 5. Multilevel estimates for the associations between determinants of dietary behaviour and intervention factors 

Knowledge of Dutch fruit con-

sumption guideline (no (0)/yes 

(1)) 

Effect over timea 

 Effect of intervention 

dose receivedb 

OR 95% CI   OR 95% CI  

Time 1 0,9 0,6 1,4  0,9 0,7 1,1 

Dose received (DR)1***    
 

   

No DR    
 reference 

Low DR    
 1,5 0,9 2,6 

High DR    
 0,6 0,4 1,0 
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Perceived descriptive norm for 

water consumption ((strong-

ly)disagree & neutral (0) vs. 

(strongly)agree (1)) 

Effect over timea 

 Effect of intervention 

dose receivedb 

OR 95% CI  

 

OR 95% CI  

Time 1 1,2 0,9 1,6  1,0 0,7 1,4 

Dose received (DR)1    
 

   

No DR    
 reference 

Low DR    
 1,4 0,8 2,4 

High DR    
 1,4 0,8 2,3 

Perceived descriptive norm for 

soda consumption ((strong-

ly)disagree & neutral (0) vs. 

(strongly)agree (1))2 

Effect over timea 

 Effect of intervention 

dose receivedb 

OR 95% CI  

 

OR 95% CI  

Time 1 0,8 0,6 1,1  0,9 0,6 1,3 

Dose received (DR)1    
 

   

No DR    
 reference 

Low DR    
 0,8 0,3 1,3 

High DR    
 1 0,6 1,6 

Perceived descriptive norm for 

fruit consumption ((strong-

ly)disagree & neutral (0) vs. 

(strongly)agree (1)) 

Effect over timea 

 Effect of intervention 

dose receivedb 

OR 95% CI  

 

OR 95% CI  

Follow-up measurement 1 1,0 0,7 1,5  1,2 0,8 1,8 

Dose received (DR)1    
 

   

No DR    
 reference 

Low DR    
 1 0,6 1,7 

High DR    
 0,8 0,4 1,3 

Autonomous motivation score 

for dietary behaviour Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 -0,1** -0,3 0,0  0,2* -0,3 0,0 

Dose received (DR)1    
 

   

No DR    
 

reference 

Low DR    
 -0,1 -0,2 0,1 

High DR    
 0,1 -0,1 0,3 

Controlled motivation score for 

dietary behaviour Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 0,0 -0,1 0,1  0,0 -0,2 0,1 

Dose received (DR)1    
 

   

No DR    
 reference 

Low DR    
 0,0 -0,1 0,2 
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High DR    
 0,1 -0,1 0,2 

Amotivation score for dietary 

behaviour Effect over timea 

 Effect of intervention 

dose receivedb 

β 95% CI   β 95% CI  

Time 1 0,1* 0,0 0,2  0,1 -0,1 0,2 

Dose received (DR)1*    
 

   

No DR    
 reference 

Low DR    
 0,2* 0,0 0,3 

High DR        0,0 -0,2 0,1 

* p<0,05, ** p<0,01, *** p<0,001 

1 reference groups: baseline measurement=0, location A=0, baseline measurement x location A=0 and no dose received=0 

2 the program was unable to fit this multilevel model, therefore a normal logistic regression was performed, correcting for 

school as confounder 

a outcomes on dietary behaviour, controlled for gender, BMI, VET level and age 

b outcomes on dietary behaviour, controlling for location, in addition to all covariates mentioned under a. The interaction term 

of location and time was investigated and removed because it was not significant 

In table 6, the regression estimated for the determinants of physical activity behaviour are 

shown. There was a decrease in the odds of knowing the physical activity guidelines for 

adults over time. For the knowledge of the physical activity guideline under 18, there was 

however an increase in odds over time. There was also a decrease in autonomous moti-

vation for physical activity over time according to the effect over time model, this how-

ever turned into a slight increase in the dose received model. A low intervention dose 

received showed an increase in controlled motivation for physical activity compared to 

no dose received. A high dose received decreased the amotivation score for physical ac-

tivity compared to no dose received.  

Table 6. Multilevel estimates for the associations between determinants of physical activity behaviour and intervention factors 

Knowledge of Dutch physical activity 

guideline >18 (no (0)/yes (1)) Effect over timea 

 Effect of interven-

tion dose receivedb 

OR 95% CI   OR 95% CI  

Time 1 0,2*** 0,2 0,4  0,2** 0,1 0,5 

Dose received (DR)1        
No DR     reference 

Low DR     1,4 0,7 3,0 

High DR     1,1 0,6 2,0 

Knowledge of Dutch physical activity 

guideline <18 (no (0)/yes (1)) Effect over timea 

 Effect of interven-

tion dose receivedb 

OR 95% CI   OR 95% CI  

Time 1 1,6* 1,0 2,5  1,3 0,7 2,6 

Dose received (DR)1        
No DR     reference 

Low DR     1,3 0,6 2,5 

High DR     1,3 0,6 2,5 

Perceived descriptive norm for sports 

((strongly)disagree & neutral (0) vs. 

(strongly)agree (1)) 

Effect over timea 

 Effect of interven-

tion dose receivedb 

OR 95% CI   OR 95% CI  

Time 1 0,8 0,7 1,0  0,8 0,5 1,2 
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Dose received (DR)1        
No DR     reference 

Low DR     1,1 0,6 1,9 

High DR     1,0 0,6 1,7 

Perceived descriptive norm for walk-

ing ((strongly)disagree & neutral (0) 

vs. (strongly)agree (1)) 

Effect over timea 

 Effect of interven-

tion dose receivedb 

OR 95% CI   OR 95% CI  

Time 1 0,8 0,6 1,1  1,0 0,6 1,6 

Dose received (DR)1        
No DR     reference 

Low DR     0,8 0,5 1,3 

High DR     0,7 0,4 1,3 

Autonomous motivation score for 

physical activity Effect over timea 

 Effect of interven-

tion dose receivedb 

β 95% CI   β 95% CI  

Time 1 -0,1* -0,2 0,0  0,2* -0,3 0,0 

Dose received (DR)1        
No DR     reference 

Low DR     0,0 -0,2 0,2 

High DR     0,2 0,0 0,3 

Controlled motivation score for 

physical activity Effect over timea 

 Effect of interven-

tion dose receivedb 

β 95% CI   β 95% CI  

Time 1 0,0 -0,1 0,1  0,0 -0,1 0,2 

Dose received (DR)1        
No DR     reference 

Low DR     0,2* 0,0 0,3 

High DR     0,0 -0,1 0,2 

Amotivation score for physical activ-

ity Effect over timea 

 Effect of interven-

tion dose receivedb 

β 95% CI   β 95% CI  

Time 1 0,1 0,0 0,2  0,1* 0,0 0,3 

Dose received (DR)1**        
No DR     reference 

Low DR     0,1 -0,1 0,2 

High DR     -0,2* -0,4 0,0 

* p<0,05, ** p<0,01, *** p<0,001 

1 reference groups: baseline measurement, location 2/3, baseline measurement x location 2/3 and no dose received 

a outcomes on dietary behaviour, controlled for gender, BMI, VET level and age 

b outcomes on dietary behaviour, controlling for location, in addition to all covariates mentioned under a. The interaction 

term of location and time was investigated and removed because it was not significant 

4. Discussion 

The first objective of this study was to investigate the effectiveness of the Healthy by 

Design intervention on the (determinants of) dietary and physical activity behaviour of 

VET students. Secondly, the study aimed to investigate the effect of the intervention dose 

received on these outcome measures.  
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 Some effects on the (determinants of) dietary and physical activity behaviour over 

time were found. Moderate intensity physical activity showed an increase over time. 

There was also an increase in the odds of knowing the Dutch physical activity guideline 

for people under 18 years old over time. These positive effects could have been influ-

enced by the intervention. A direct link to the intervention can however not be made, due 

to the various influences over time in a natural setting. There was also a significant de-

crease in the odds of knowing the Dutch physical activity guidelines for adults over time. 

It is unlikely that this is linked to the intervention, because there had been a change in the 

physical activity guidelines in The Netherlands between baseline and follow-up. Partic-

ipants thus might have had knowledge of the old guideline instead of the new one, as it 

takes time for new information to become common knowledge. In addition, there was a 

negative effect over time for the autonomous motivation score for both dietary and 

physical activity behaviour and a positive one for the amotivation score for dietary be-

haviour. This can also not be directly linked to the effect of the intervention due to the 

natural setting of the study.  

Looking at the second objective of the study, results showed that the intervention 

dose that participants received plays a role in many of the investigated health behav-

iours. Both a low and high intervention dose received showed a significant decrease in 

the consumption of high calorie snacks compared to no dose received. In addition, a high 

dose received was positively associated with increased breakfast, fruit and water con-

sumption, as well as more time spend in moderate, vigorous and moderate and vigorous 

physical activity. This shows that a high exposure to the intervention is associated with 

healthier dietary and physical activity behaviour. In contrast, the received intervention 

dose seems to have less influence on the determinants of health behaviour. A high in-

tervention dose did show a decrease in amotivation for physical activity compared to no 

intervention dose. However, a low intervention dose was positively associated with 

amotivation for dietary behaviour compared to receiving no intervention dose. A possi-

ble explanation for this is that participants in this group might have been in contact with 

the intervention but then decided not to participate due to a lack of motivation. Partici-

pants in the no dose group however never came into contact with the intervention at all. 

A low intervention dose also showed an association with an increase in controlled mo-

tivation for physical activity. This finding would generally not be seen as positive, be-

cause controlled motivation does not lead to sustainable behaviour change [57]. Howev-

er, Philips et al. [57] hypothesize that an increase in controlled motivation is not neces-

sarily detrimental, because the influence of controlled motivation depends on its relative 

position to the other types of motivation and could thus still be beneficial for healthy 

behaviour.  

 Over time, there are positive effects on moderate physical activity and on 

knowledge of the physical activity guideline under 18 years old. This is in line with effect 

evaluations of school-based healthy eating and physical activity interventions for other 

target groups, as they often show moderate evidence of their effect [19]. A school-based 

intervention with a similar target group of students between 15 and 24 years old found a 

reduction in physical inactivity, which is in line with the present study [58]. Because of 

the methodological difficulties in this study, the real effects of the HbD intervention on 

the (determinants of) dietary and physical activity of vocational students over time are 

hard to determine due to the natural setting of the study. Literature states that both the 

peer-delivered and school-based component of HbD are promising for improving both 

dietary and physical activity behaviour[19-24]. Combining these components however 

also makes the intervention a very complex one, which could have contributed to the 

minimal effects that were found over time[41]. Trude et al. [59] state that in complex in-

terventions with a high likelihood of participant contamination, like in this study, an 

analysis using dose received information can provide important dose-response estimates. 

Therefore, including the intervention dose received model provides valuable secondary 

evaluation analysis. This suggests that low exposure to an intervention is not enough to 

promote behaviour change. It is thus important to make sure than students come into 
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contact with intervention components on a regular basis. In addition, intervention dose 

seems to be related to amotivation, leading to an increase in amotivation for diet when 

the intervention dose is low, and a decrease in amotivation for physical activity when the 

intervention dose is high. This further underlines the fact that motivation is an important 

determinant to consider in health promoting interventions, as is also shown in previous 

studies[39].  

This study has several limitations. The use of self-administered questionnaires to 

measure (determinants) of dietary and physical activity behaviour is a limitation in this 

study, due to a risk of recall bias and the use of socially desirable answers [60]. In addi-

tion, the SQUASH questionnaire is known to cause a slight overestimation of the physical 

activity level of participants [61]. The exact effect of these questionnaire limitations on the 

results can however not be inferred. Another limitation of this study is the use of 

cross-sectional data. Due to the fact that there could be no longitudinal data collection, 

the causal effect of the intervention could not be determined. Since the control location 

dropped out of the study, no comparison with a control group was possible either, 

making it very challenging to evaluate the actual intervention effect.  

Regardless of the methodological difficulties, this study is one of the few to evaluate 

an intervention aimed at vocational students. In addition, the large number of partici-

pants contributes to the power of the study and allowed for a thorough analysis of not 

only dietary and physical activity behaviour, but also its determinants.  

5. Conclusions 

The aim of this study was to investigate the effect of the school-based, 

peer-delivered intervention Healthy by Design on the (determinants of) dietary and 

physical activity behaviour of vocational students and in addition investigate the effect of 

the intervention dose received on these outcomes. The behavioural intervention effects 

over time were restricted to an increase of moderate physical activity and an increase in 

the physical activity guideline knowledge under 18. The received intervention dose was 

found to influence both (the determinants of) dietary and physical activity behaviour. A 

low intervention dose showed a negative effect on some behavioural determinants. A 

high intervention dose however showed a strong association with more healthy dietary 

and physical activity behaviour. This suggests that receiving a high dose of this inter-

vention leads to more healthy dietary and physical activity behaviour in vocational stu-

dents. 
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Appendix A 

Table A1.  Mean scores for dietary and physical activity behaviours 

 Baseline Follow-up 

 Loca-

tion A 

Location 

B 

Total Location 

A 

Location 

B 

Total 

N 228 329 557 337 283 620 

Dietary behaviours 

Breakfast (day/week) 

Mean 

 

4.2 

 

5.6 

 

5.0 

 

4.2 

 

5.0 

 

4.6 

Standard deviation 2.7 2.3 2.6 2.7 2.6 2.7 

Fruit (portions/day) 

Mean 

 

0.8 

 

1.0 

 

0.9 

 

0.9 

 

1.0 

 

0.9 

Standard deviation 0.7 0.7 0.7 0.7 0.7 0.7 

Water (ml/day) 

Mean 

 

1084 

 

1124 

 

1108 

 

1237 

 

1246 

 

1241 

Standard deviation 689 641 661 746 671 712 

Energy drink (ml/day) 

Mean 

 

76 

 

40 

 

55 

 

61 

 

53 

 

58 

Standard deviation 143 91 116 157 129 145 

Soda (ml/day) 

Mean 

 

348 

 

317 

 

329 

 

247 

 

217 

 

233 

Standard deviation 440 398 416 382 340 363 

Savoury snacks (portions/day) 

Mean 

 

1.2 

 

0.8 

 

1.0 

 

1.0 

 

0.8 

 

0.9 

Standard deviation 1.2 1.0 1.1 1.1 0.9 1.0 

Sweet snacks (portions/day) 

Mean 

 

0.9 

 

0.9 

 

0.9 

 

0.9 

 

0.8 

 

0.8 

Standard deviation 1.0 1.0 1.0 1.0 .9 1.0 

High calorie snacks (por-

tions/day) 

Mean 

 

 

26 

 

 

22 

 

 

23 

 

 

22 

 

 

19 

 

 

20 

Standard deviation 22 20 21 21 19 21 

Physical activity behaviours (min/week) 

Moderate intensity  

Mean 

 

730 

 

771 

 

754 

 

898 

 

953 

 

923 

Standard deviation 595 612 605 719 783 749 

Vigorous intensity  

Mean 

 

99 

 

288 

 

210 

 

60 

 

205 

 

127 

Standard deviation 183 394 338 180 280 242 

Moderate-vigorous intensity  

Mean 

 

830 

 

1059 

 

965 

 

958 

 

1158 

 

1050 

Standard deviation 626 698 678 751 842 800 
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