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ABSTRACT 

We conduct an econometric evaluation of a health-promoting programme in primary and lower 

secondary schools in Denmark. The programme includes health-related measurements of the students, 

communication of knowledge about health, and support of health-promoting projects for students. Half 

of the schools in Odense, the fourth largest municipality in Denmark, were randomly selected into the 

treatment group implementing the programme, while the remainder served as a control group. Using 

regression techniques, including difference-in-differences, we estimate effects of the initiative on BMI, 

waist/height ratio, overweight and obesity for the entire sample and by gender and grade (year at 

school). We find no consistent effect of the programme. Most point estimates indicate negative effects 

on BMI, overweight and obesity, and positive effects on waist measurements. However, these estimates 

are rather small, and only a few are statistically significant.  
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1. INTRODUCTION 

Over the past decades, problems with overweight in children have increased in almost all Western 

countries (Rokholm, Baker, & Sørensen, 2010). In Denmark the prevalence of child overweight and 

obesity increased significantly from 1975 to 2007, reaching a prevalence of overweight of 12-16 % 

among boys and girls aged 5-8 and 19-25% among boys and girls aged 14-16 (Pearson et al. 2004; 

Pearson et al. 2010).1 

Being overweight or obese during childhood and adulthood is an important risk factor for the 

development of several chronic diseases such as coronary heart diseases, type 2 diabetes, hypertension 

and various cancers, and overweight in adolescence is associated with increased mortality later in life 

(Must et al., 1992). Furthermore, overweight during childhood is linked to various psychological 

problems such as depression and low self-esteem (Daniels, 2006). Overweight children are at increased 

risk of becoming overweight or obese as adults, especially if they are overweight during adolescence 

(Whitaker et al. 1997), and once obesity has been established during adulthood, the probability of losing 

weight is low. Thus, the strain that these consequences of childhood overweight will place on the 

individual and on the health care system in the future highlights the need to develop instruments that 

can guide children to a healthy lifestyle that prevents overweight. 

This paper examines the impact of a school-based health programme called the Healthy Schools 

Network (in Danish: Sund Skole Nettet). The overall aims of the programme are to communicate 

knowledge about health and to support health-promoting projects for students in primary and lower 

secondary schools, i.e. children aged 5 to 16. The programme includes establishing a school health 

committee at each school and measurement of a range of parameters that indicate students’ state of 

health. These parameters include height, weight, waist circumference, fitness rating and vertical jump 

height. The intention is that health-promoting actions initiated by the local health committees and the 

health measurements will make the children (and their parents and teachers) more aware of their 

health status and thereby induce behavioural change towards increased physical activity and 

improvement in diet. Teachers are encouraged to use results based on average data by age group 

(available at the programme’s website) in their teaching, and ideas for various health-promoting 

                                                           
11 The terms ‘overweight’ and ‘obese’, as used frequently in Europe, correspond to the terms ‘risk of overweight’ 
and ‘overweight’ as used mainly in the US. In this paper we use the European terms ‘overweight’ and ‘obese.’  
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activities are communicated to schools through the network. The programme has been implemented at 

about 200 schools in Denmark in recent years.  

In this paper we answer the following questions about the health initiative. Does it improve the 

children’s health status (measured by BMI and waist circumference)? And does the effect differ for 

subgroups of gender, age, initial health status and parental socioeconomic status? 

Studying the relationship between a school health intervention and children’s health or body weight 

presents significant research challenges. Besides there being basic challenges related to the method 

used in the intervention, it is a complicated matter to examine the impact of a school intervention such 

as the Healthy Schools Network (HSN). Consider, for example, the scenario where it is voluntary to 

participate and where schools self-select into the programme. In such a case, it might be that schools 

which voluntarily choose to participate in the HSN programme are of higher quality and have a stronger 

focus on health and exercise. It might also be the case that students living in these school districts more 

often come from advantaged homes and are healthier as a result of their backgrounds. In these 

circumstances we might well find a positive correlation between HSN programme participation and the 

health of the children at the participating schools. But this correlation would (at least in part) be driven 

by the characteristics of the schools that opt to participate in the HSN programme, and not necessarily 

by any positive causal effect of the HSN on the children’s health status.  

Thus, to investigate the impact of the HSN programme on children’s body weight, we use a randomized 

field experiment in 33 primary/lower  secondary state schools in the fourth largest municipality in 

Denmark (Odense). Sixteen schools, with a total of approximately 8000 pupils aged 5 to 17, were 

randomly assigned to participate in the HSN programme, and 17 schools, with a total of approximately 

9000 pupils, were selected as controls and offered the opportunity to participate in the programme two 

years later on the same conditions as the schools that were assigned to start immediately. To evaluate 

the programme we used measurements of height, weight and waist circumference of children in four 

different grades (preschool, 1st, 5th and 9th) made by health visitors (school nurses) at all schools. These 

measurements are available for three school years (2009/10, 2010/11 and 2011/12), i.e. both before 

and after programme start, allowing us to apply difference-in-differences (DID) methods. We find no 

consistent effect of the programme. Most point estimates indicate negative effects on BMI, overweight 

and obesity, and positive effects on waist/height ratio. However, these estimated effects are rather 

small, and only a few are statistically significant. 
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2. BACKGROUND AND PREVIOUS LITERATURE 

Overweight/obesity is defined as a physical condition that results from the excessive storage of fat in the 

body, with consequences for the individual’s health (Svendsen et al., 2001). The precise percentages of 

body fat that lead to negative health consequences remain unknown. In practice, overweight and 

obesity are usually defined by use of the body mass index (BMI, measured as weight in kilos over height 

in metres squared, kg/m2). Both genetic and social factors form underlying explanations for overweight 

and obesity. In the framework of a simple dynamic model, overweight is considered to be a function of 

an individual’s energy balance, defined as caloric intake minus energy expenditure, over a number of 

time periods in the course of a lifetime, and of  factors such as age, gender, ethnicity and genetic 

predisposition to being overweight (Chou et al., 2002).  

In many Western countries, including Denmark, the trends in children’s physical activities and dietary 

patterns seem to have changed simultaneously with the trend in child overweight. While there has been 

an increase in the percentage of overweight children, Rasmussen & Due (2011) find that the percentage 

of children doing vigorous exercise and eating fruits and vegetables daily has decreased, and the 

average number of hours spent on sedentary activities, such as watching television and playing 

computer games, has increased. Healthy habit formation in childhood is important for a child’s current 

and future health (Livingstone et al. 2003; Malina 2001), and the involvement of adults in guiding 

children to achieve a healthy lifestyle seems to be crucial.  

In a recent (Cochrane) review, Waters et al. (2011) analysed 55 studies that evaluate diet and exercise 

interventions to prevent overweight in children. Most of these studies targeted children aged 6-12, and 

most interventions took place within the school. The effect of the interventions depended on the 

setting, the intensity and the type of intervention, and on the age group targeted. Overall, Waters et al. 

(2011) find beneficial effects on BMI from child overweight and obesity prevention programmes. These 

effects seem to be particularly evident among younger children (aged 6-12).  
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3. THE HEALTHY SCHOOLS NETWORK (HSN) PROGRAMME  

3.1. THE INSTITUTIONAL CONTEXT  

In 2008 the Rockwool Foundation initiated the HSN programme as an offer to all state schools (primary 

and lower secondary) in Denmark. In general, participation in the project was voluntary for individual 

schools, but a few municipalities decided that all their schools should participate. In the municipality of 

Odense a randomized controlled experiment was designed to evaluate the project, meaning that one 

half of the schools in the municipality participated and the other half did not. The project was motivated 

by a general increase in child overweight in Denmark, and the elements in the initiative were inspired by 

a pilot project involving upper secondary school students (Greve & Andersen, 2012). In the school years 

2008/09 and 2009/10, participating schools received subsidies of DKK 80 (approx USD 15 or EUR 10) per 

student from the Rockwool Foundation if the school did the following: 1) formed a health committee 

and selected a teacher to be responsible for health at the school; 2) made measurements of at least 80% 

of the students with respect to height, weight, waist circumference, fitness rating (cardiorespiratory 

fitness) and vertical jump height, and uploaded the results to a central database; and 3) delivered a 

yearly report to the Rockwool Foundation describing the health status and ongoing health activities at 

the school. The amount of money the schools received per student was reduced by half in 2010/11. 

3.2. DESCRIPTION OF THE PROGRAMME AND ITS INTENDED EFFECTS 

The main focus in the HSN programme is to communicate information about the health status of the 

children involved (based on the health measurements) via the school health committee and the HSN 

web-based platform. The intention is that measuring children should raise awareness of their state of 

health, and subsequently lead to health-improving behavioural change. Figure 1 illustrates the elements 

of the HSN programme and its intended effects. In principle, measurements are made of all students at 

participating schools with regard to height, weight, waist, fitness rating and vertical jump height. When 

a child is measured, the teacher responsible for health uploads the measurements to a central database. 

The students (and their parents) can then monitor their measurements on a personal webpage linked to 

the project website. They can also see average results for participating schools – presented both by age 

group and for the school as a whole – and read more about the measurements that are used in the 

project on the project website, as can teachers and school heads. The intervention is also intended to 
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affect the behaviour of teachers and schools. Thus, measuring health indicators for the children and 

providing information on the results are intended to increase the awareness of teachers and school 

heads of the state of health of the children in their schools. Schools are encouraged to integrate the 

measurements into their teaching, and the website presents a list of suggestions as to how this could be 

done.  

Figure 1: The HSN intervention and its intended effects 
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environment at a school. The intended behavioural responses are an increase in physical activity and 

improvement in dietary behaviour. These are not measured directly, but they are expected to lead to 

Intervention: 

Measurements 

of individual 

students1:  

Height, Weight, 

Waist  

circumference  

Fitness rating, 

Vertical jump  

height 

Student 
population: 
Grades: 0-9 
 Ages: 6-15  

Intervention 

at classroom 

and school 

level: 

A health 

committee is 

formed 

The teacher 

responsible 

for health 

writes a 

yearly ‘health 

status 

report’2  

Schools are 

encouraged 

to integrate 

the 

measurement

s into their 

teaching  

Intended further 

short- and long-

term effects: 

• Improved 
health and 
well-being 

• Reduced 
morbidity in 
childhood 

• Reduced 
morbidity 
and 
mortality in 
adulthood 

Intervention: 

Information on 

measurements: 

Overweight, 

Obesity, Low 

fitness rating. 

The students (and 

their parents) can 

follow their own 

progress. 

The students, 

parents and 

teachers can 

follow the 

averages for their 

class and school  

and averages for 

all other classes 

and schools. 

Intended 

behavioural 

responses by 

students: 

Increased 

physical 

activity, 

dietary 

improve-

ments 

Intended short 

term outcomes: 

• Stabilized or 
reduced 
BMI-for-age 

• Stabilized or 
reduced 
waist/ 
height ratio 

• Improved 
physical 
fitness 

 

Notes:  

1: A teacher appointed to be responsible for health measures the students. 

2: The health status report includes a description of the measurements of the 
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improved health outcomes in terms of BMI, waist circumference and fitness, which are measured within 

the programme each year. Additional intended short- and long-run outcomes are improved wellbeing 

amongst the children involved and a decrease in the incidence of illness in childhood and later in life 

(see last box in Figure 1). 

4. THE EVALUATION OF THE PROGRAMME  

It is not feasible to use the HSN measurements themselves in an impact evaluation of whether the 

intervention has health effects, primarily because there are no comparable measurements for non-

participating control schools. Therefore, to evaluate the HSN programme, the Rockwool Foundation, 

together with the Director of Schools in the municipality of Odense, decided to implement a randomized 

controlled trial in the town. Odense was chosen because of its size (it is the third largest city and the 

fourth largest municipality in Denmark, with approximately 190,000 inhabitants in 2012 and a sufficient 

number of schools to make a study possible); because it was possible to enter into an agreement with 

this municipality on the practical issues (attempts to enter into similar agreements with other large 

municipalities were not successful); and also because the school nurses in this municipality were already 

collecting height and weight measurements of children in preschool (0th), 1st, 5th and 9th grades in an 

electronic database. These measurements are used as outcomes in our impact evaluation of the HSN 

programme, together with waist circumference, which was added to the school nurse measurement 

programme specifically for the purpose of evaluating HSN.  

Waist circumference is a useful measure for abdominal overweight and obesity, which are defined as 

having excessive fat around the stomach. This kind of ‘apple-shaped’ body type is more closely 

associated with the development of many chronic diseases (diabetes, cardiovascular diseases, 

hypertension) than is a ‘pear-shaped’ body type (see, for example, Bigaard et al., 2005). Thus, our 

evaluation of the HSN intervention uses data on BMI and waist circumference (divided by height) as 

measured by the school nurses. These health outcomes correspond to two of the three outcomes in the 

blue box in Figure 1; we have no school-nurse data on fitness. In the evaluation we do not have health 

outcome data for all students at the schools, but only for students in 0th, 1st, 5th, and 9th grades. The facts 

that we have both treatment and control schools and measurements before and after treatment enable 

us to use difference-in-differences estimation methods to assess the impact of the intervention. 
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Figure 2 describes the selection process of the schools participating in the randomized experiment. 

There were 40 state schools in Odense municipality in 2009/10. Of these schools, seven either focused 

on children with special needs or they did not have 9th grade classes, and they were therefore excluded 

from the sample used for the evaluation. The remaining 33 schools were randomly assigned to a 

treatment group and a control group. The random assignment at school level (and not student level) 

limits contamination of the control group through informational spillover and peer effects. Furthermore, 

because of the nature of the intervention, it would be problematic to base an evaluation on randomly 

assigning students to ‘measurement treatment’ within individual schools, since part of the intervention 

is based on using results of the health measurements in classroom teaching and on other health-

promoting initiatives at school level 

.Figure 2: Selection process in Odense municipality 
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assigned to the control group. Consideration was originally given to including other variables in the 

7 schools excluded: 3 schools were special 

schools and 4 did not have 9th grade classes 

Assessed eligibility: schools=40 

(compulsory schooling, 0th-9th grades) 

33 schools randomized: Stratification on 

school average parental income 

Treatment schools: 16 schools Control schools: 17 schools 

Treatment 

start 2009/10: 

9 schools 

 

Treatment start 

2010/2011: 5 

schools 

Schools closed 

in 2010/2011: 

2 schools 

Treatment start 

2011/12: 2 

schools 

Schools closed in 

2010/11: 2 

schools 

Control schools analysed: 17 Treatment schools analysed: 14 

schools 



ROCKWOOL FOUNDATION RESEARCH UNIT 

EVALUATING THE IMPACT OF A SCHOOL-BASED HEALTH INTERVENTION 
USING A RANDOMIZED FIELD EXPERIMENT 

 
 

 
13 

stratification process, in particular the share of children with immigrant backgrounds, but due to the 

very high level of correlation between parental income and immigrant backgrounds the final 

stratification of schools was only based on average parental income.  

The school year in Denmark begins in August. The allocation of schools into treatment and control 

groups was carried out in July 2009. For practical reasons, seven schools postponed the start of the HSN 

programme until the school year 2010/11. Nine schools started the HSN initiative in the school year 

2009/10. Control schools were offered the opportunity of participating in the HSN programme from the 

school year 2011/12 onward, and two of the control schools did so. In August 2009 the nine treatment 

schools that had decided to begin the programme that year were able in principle to start implementing 

the HSN programme. However, the treatment schools agreed not to start any HSN-based health 

initiatives until the children had been measured by the school nurse. Similarly, the treatment schools 

which had postponed start of programme implementation by one year agreed not to conduct any 

initiatives until the children had been measured by school nurses in 2010/11, and the two control 

schools joining the programme in 2011/12 did not implement the programme before school nurse 

measurements had been made in that year. Thus, school nurse measurements for early (late) starting 

treatment schools in 2009/10 (2009/10 and 2010/11) and from joining control schools in 2009/10-

2011/12 were not affected by the HSN programme and can be considered as pre-treatment or control 

observations. 

After the school year 2010/11 Odense municipality decided to close four of the 33 schools engaged in 

the experiment.2 Of these, two were treatment schools which had postponed participation and for 

which we therefore do not have any post-treatment observations of children’s health. These two 

schools are therefore excluded from the analyses in this paper. The other two schools which closed 

were control schools. Measurements for the years 2009/10 and 2010/11 at these control schools are 

included in the analysis. We conducted robustness tests excluding these two control schools from the 

sample, but this does not affect the results in any significant way. 

                                                           
2 To reduce costs, a significant number of schools have been closed in Denmark in recent years, especially in 
2011/12 when the number of schools fell by 8.4%. 
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5. DATA 

In the evaluation we use data on student height, weight and waist circumference from the school 

nurses’ reports from the school years 2009/10 – 2011/12 for students in grades 0, 1, 5 and 9. Using a 

unique identifier for each student, we have merged these data with information from general 

administrative registers concerning the children and their parents, including each child’s birth weight, 

birth length, gender, age, grade at school and ethnic background; parents’ income, education and labour 

market status; and the family structure. Variables for parental background are taken for the year prior 

to the start of the relevant school year. For treatment schools, the dataset also includes the 

measurements in the HSN system. However, these are not used in the evaluation, except to construct 

indicators of ‘treatment intensity’, e.g. the share of students who were actually measured.  

5.1. THE SCHOOL NURSE DATA 

Since 1995, all Danish children’s height and weight have been measured by school nurses at school entry 

(0th and 1st grade) and exit (9th grade). From the school year 2009/10 the school nurses in Odense 

municipality started to measure children’s waist circumference, and all three measurements are also 

carried out for children in 5th grade. Results are reported to an electronic database (NOVAX) which 

contains the child’s personal identification number. Children are measured wearing underwear or light 

clothing. Measuring equipment is of the same type at all schools. The date of each measurement is 

recorded. Each school has its own schedule for measurements. However, usually the procedure is the 

following: 0th grade students are measured in November-February, 1st grade students are measured in 

March-May, 5th grade students are measured in September-November and 9th grade students are 

measured at various dates spread over the entire school year except at the end of it. Table A1 in 

Appendix A shows, for treatment and control schools separately, the number of measurements by the 

school nurse by month for each of the three school years. The distributions of measurements by date for 

each grade are very similar for treatment and control schools. Thus, differences in overweight between 

the treatment and control groups cannot be explained by differences in the times of the measurements. 

In any case, in the statistical analysis we control for age in days (divided by 365) at the date of 

measurement by the school nurse. 

 



ROCKWOOL FOUNDATION RESEARCH UNIT 

EVALUATING THE IMPACT OF A SCHOOL-BASED HEALTH INTERVENTION 
USING A RANDOMIZED FIELD EXPERIMENT 

 
 

 
15 

 

School nurse measurements of height and weight are of high validity. We excluded only very few 

measurement records with implausible values. Since school nurses had no experience in measuring 

waist circumference before 2009, we checked the data using information on the allocation of specific 

nurses to schools each year. We found strong indications of systematic measurement error of waist 

circumference for one nurse (at one school) in one year, and excluded these waist circumference 

observations from the analysis; see Appendix B, which also contains analyses indicating that 

measurement error is in general much larger for waist circumference than for weight and height (a 

result also found in Singhammer & Andersen, 2014).  

5.2. THE HEALTHY SCHOOLS NETWORK (HSN) SYSTEM 

In the school year 2009/10, nine schools in Odense began participation in the HSN programme. The 

schools were told not to start making measurements in the HSN system (and not to start other health 

initiatives) until the school nurse had measured the children. The school nurse measurements from 

2009/10 thus function as ‘before treatment’ measurements.  

Not all children are measured in the HSN system, as it is to some extent voluntary for these 

measurements to be taken. However, as mentioned above, the schools had to measure at least 80% of 

the children (on at least one of the health parameters) in order to qualify for the subsidy (DKK 80 per 

student in 2008/09 – 2009/10 and DKK 40 per student from 2010/11). In the HSN system, the teacher 

responsible for health uploads the measurements of the children’s height, weight, waist, fitness rating 

and vertical jump height, and the date of measurement. The HSN database thus provides information of 

health parameters from the start of each school’s involvement in the HSN and on the number of 

children measured.  

In some of the estimations, we use a continuous indicator variable of treatment intensity which for each 

of the three grades 1, 5 and 9 respectively is defined as the share of students at the school who 

participated in HSN measurements in grades 0, 4 and 8 respectively in the previous year. Thus, this 

variable (called 𝑍𝑖𝑛𝑡 below) varies between 0 and 1 for treatment schools in treatment years. Table 1 

shows descriptive statistics for this variable by grade for student observations in treatment schools in 

treatment years. Treatment intensity varies greatly by grade and by school. On average, the shares of  
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students who participated in HSN measurements in the previous year are 81%, 90% and 34% for grades 

1, 5 and 9 respectively. For grades 1 and 9, some schools did not have any HSN measurements the 

previous year, while the maximum intensity observed for these two grades was 98% and 95% 

respectively. For 5th grade, intensity varied between 61% and 100%. 

 

Table 1: Descriptive statistics for an indicator of treatment intensity for students at treatment schools in 

treatment years. For grades 1, 5 and 9 the indicator is the share of students with HSN measurements the 

previous school year in the previous grade (i.e. grades 0, 4 and 8 respectively) 

Grade Mean Std. Dev. Min Max 

1 0.81 0.25 0.00 0.98 

5 0.90 0.08 0.61 1.00 

9 0.34 0.32 0.00 0.95 

 

5.3. SAMPLE 

Table 2 shows the number of observations (students) by grade and per school year in grades 0, 1, 5 and 

9 for the treatment and control groups added together. The first panel shows the numbers based on the 

administrative education register covering all schoolchildren. The second panel shows the numbers for 

which we have BMI measurements from the school nurses (the numbers with waist measurements are 

somewhat lower). The third panel shows the numbers when we further restrict the sample to only 

include pupils who have not changed schools during the three years in the study period. The total 

sample we use in the evaluation includes 15,493 students (or rather student-year observations, since 

students in grade 0 in one school year will typically be enrolled in grade 1 in the following year). Not all 

students were measured for their waist circumference; thus, when we show results for waist 

circumference, the total sample we use is made up of 13,317 observations. In 2009/10 and 2011/12 

about 90% of students were measured for BMI (compare the first two panels). However, the health 

measurements are missing for a large fraction of 9th grade students in 2010/11. Specifically, all 9th grade  
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measurements are missing for nine schools for this school year (four treatment schools and five control 

schools) due to there being several vacant positions among the school nurses in Odense municipality. 

On average over the study period, 13.3% of the students enrolled at one of the 31 schools in the  

beginning of the school year were not measured by schools during the school year. This attrition, which 

is rather large given that all children are supposed to be measured by a school nurse, is partly due to the 

vacant school nurse positions (especially in 2010/11), but also to student mobility between schools 

during the school year and student absence from school on days of school nurse consultations.   

Further restricting the sample to students who did not change schools during the three-year study 

period reduces the sample size by only 3%.3 We apply this restriction because some students move from 

treatment to control schools, or vice versa. For instance, treatment status in the second and third years 

is not well defined for students who were enrolled at a treatment school in the first year and then 

moved to a control school.  

Comparing the estimation sample (i.e., the 15,493 student-year observations in the lower panel of Table 

2) with those students who were not measured by school nurses and/or who changed schools during 

the study period (i.e. the 2930 student-year observations included in the upper panel of Table 2, but not 

in the lower panel) in terms of characteristics observed in the registers, we find that there was a greater 

probability of children from more advantaged backgrounds (in terms of parental education and labour 

market status) being included in the estimation sample; see Table A2 in Appendix A for two-sample t-

test statistics of the variables included as controls in the statistical analysis below. For instance, the 

share of students having a mother (or father) with further education is about five percentage points 

higher in the estimation sample. Part of this pattern might be explained by higher school absence rates 

and a higher probability of moving house during or between school years for children from 

disadvantaged backgrounds. Table A2 shows that there are also significant differences in terms of 

siblings (e.g., the share of only children is smaller in the estimation sample), gender (the share of males 

is a little smaller) and grade (as discussed above). The differences between the two samples in terms of 

parental background are not larger for 9th grade students (with the largest share of missing health 

                                                           
3 The reason why this reduction is so small is that most students who transferred to another school during the 
school year had already been removed from the sample when we implemented the condition that there should be 
a BMI measurement by a school nurse. 
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information) than for students in lower grades, and they are not reduced by introducing school fixed 

effects in regressions of a dummy for being in the estimation sample on the controls. 

Table 2: Number of students by grade and school year in grades 0, 1, 5 and 9 for the treatment and 

control groups 

Grade 2009/10 2010/11 2011/12 All school years 

  Total number of students at the schools according to the general education register 

0 1,644 1,537 1,558 4,739 

1 1,497 1,607 1,555 4,659 

5 1,588 1,582 1,581 4,751 

9 1,413 1,404 1,457 4,274 

0, 1, 5 and 9 6,142 6,130 6,151 18,423 

  Students with health (BMI) information from school nurses 

0 1,542 1,336 1,425 4,303 

1 1,347 1,371 1,368 4,086 

5 1,450 1,495 1,474 4,419 

9 1,133 777 1,262 3,172 

0, 1, 5 and 9 5,472 4,979 5,529 15,980 

  Students who did not change schools during the study period 

0 1,475 1,230 1,408 4,113 

1 1,295 1,317 1,257 3,869 

5 1,446 1,475 1,453 4,374 

9 1,129 771 1,237 3,137 

0, 1, 5 and 9 5,345 4,793 5,355 15,493 

     

5.4. OUTCOME AND CONTROL VARIABLES  

‘Critical values’ of child BMI indicating overweight and obesity depend on age and gender. Therefore, 

gender-specific growth charts showing percentiles of BMI as a function of age are typically used to specify 

such critical values. For international comparisons, the International Task Force on Child Obesity (IOTF) 

has published a paper (Cole et al., 2000) with a growth chart based on measured height and weight of 

children aged 0-18 from two European countries (the UK and the Netherlands), two Asian countries (Hong 

Kong and Singapore), Brazil and the US. The time periods that these datasets span vary, e.g. they are 1963-

1980 for the US and only one year, 1993, for Singapore and Hong Kong.  

In this paper we examine the following outcomes: Body Mass Index (BMI) (weight in kilograms divided 

by height in metres squared), waist circumference (measured in cm) divided by height (measured in 
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metres), and indicators for overweight (the threshold is designed to pass through BMI 25 at age 18) and 

obesity (the threshold is designed to pass through BMI 30 at age 18). BMI is often used to construct 

indicators of overweight and obesity, as it is easy and cheap to measure and highly correlated with the 

amount of body fat. However, BMI has some limitations. Research emphasizes that BMI is an imprecise 

measure with respect to identifying health problems, as it does not distinguish between fat and fat-free 

mass such as muscle and bone (Burkhauser & Cawley, 2008; Larsson et al., 2006). This means that 

children who, for example, have high levels of physical activity, have matured early or have a specific 

genetic make-up could have a high BMI level even though they actually have a healthy amount of body 

fat. More accurate measures of fatness such as total body fat, percentage body fat and fat-free mass 

often require the use of expensive laboratory methods. As an alternative, measurements of skin-fold 

and waist circumference are often useful and relatively cheap ways of assessing body fat.  

Table A3 in Appendix A describes the variables we include in the models we estimate. We started out 

with a larger set of control variables, especially regarding parental characteristics, but excluded variables 

which were clearly non-significant in the estimations (including variables based on siblings, parents’ age 

at child’s birth, parental income, parental divorce and more detailed variables on parental education 

and labour market status).  

Table 3 shows, for the first year of the study period and for all three years combined, mean 

characteristics of students at the treatment and control schools respectively.4 Characteristics shown 

include outcomes, the share of students in different grades and the values for the control variables used 

in the analysis. Waist circumference is measured in cm. While height in this table and other descriptive 

tables is shown in cm, height is measured in metres in the waist/height ratio and BMI variables. Results 

in the first four columns for the initial year 2009/10 indicate the extent to which the randomization of 

schools into treatment and control groups has been successful in terms of balancing initial 

                                                           
4 Table 3 presents descriptive statistics for the sample with BMI information (5345 observations for 2009/10 and 
15,493 observations for all three years), except for waist measurement, where the sample is smaller. For the 
student and parent characteristics, differences in means between treatment and control schools are similar for the 
smaller sample with waist circumference information. Information on birth weight or length is missing for 6.5% of 
the observations; for these observations birth weight and length have been set as equal to average values. For 
observations for which the mother or father are not in the register, their labour market status has been classified 
as out of the labour force. We originally included dummies for missing information (beyond the variables for 
missing parental education), but these were clearly non-significant and did not affect the estimates of interest at 
all. To keep the model parsimonious, these dummies are not included in the final estimations presented in this 
paper. 
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characteristics. Although differences between treatment and control groups are in general small, some 

of them are significant according to the two-sample t-test statistics (which do not, however, take 

account of clustering within schools). Children in the treatment group tend to come from more 

advantaged backgrounds. In particular, the share of non-Western immigrants is 7 percentage points 

smaller (14.3% compared to 21.6%), the share for which the mother has completed a course of further 

education is about 3 percentage points larger, and so is the share for which the mother is employed and 

has a job demanding a medium or high level of qualifications. Waist circumference is smaller in the 

treatment group, but so is height (especially for those with waist measurement information), so that the 

waist/height ratio is actually a little larger for the treatment group in the initial year. The opposite is true 

for BMI. The grade distribution is also a little different – the share in grade 0 is about 3 percentage 

points larger for the treatment group. It is not surprising that randomization of schools does not 

produce better balancing, since the number of schools is small. We have checked for balancing 

properties with respect to more variables than those included in Table 3 (which are those used in the 

estimations), for instance parental income (which was the only stratifying variable in the 

randomization), but we did not find significant differences between the treatment and control groups 

with respect to these additional variables. The differences between the treatment and control groups 

are more or less the same when we consider the whole study period (see the last four columns of Table 

3), except for waist measurement (not corrected by height). Table A4 in Appendix A shows descriptive 

statistics for health outcomes by grade and gender.  

Tables A5 and A6 in Appendix A show means of outcomes by grade for girls and boys for the treatment 

and control schools in 2009/10 (before treatment) and 2011/12 (after treatment). The second to last 

column shows differences in means between treatment and control groups after treatment, i.e. the 

unconditional treatment effects using only post-treatment outcomes. The last column shows 

unconditional DID effect estimates, taking account of initial differences in outcomes between treatment 

and control groups. For most (but not all) gender/grade combinations, these unconditional effect 

estimates tend to be negative for BMI, overweight and obesity, whereas they tend to be positive for 

waist/height ratio, indicating that the HSN intervention tends to reduce BMI and the risk of overweight 

and obesity, but to increase the waist/height ratio. However, differences between the two groups seem 

small.  
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Table 3. Means of outcome and control variables for the treatment and control groups in 2009/10 and 

in all three years 2009/10 – 2011/12 combined. 

 2009/10  2009/10 – 2011/12 

 Mean  
treatment 

Mean  
control 

Diff. t  Mean  
treatment 

Mean  
control 

Diff. t 

BMI 17.889 18.047 -0.158 -1.73  17.903 18.051 -0.148** -2.72 
Waist/height 44.070 43.883 0.187 1.44  44.175 43.904 0.271*** 3.49 
Overweight 0.171 0.179 -0.007 -0.71  0.166 0.180 -0.013* -2.20 
Obese 0.034 0.037 -0.002 -0.46  0.033 0.036 -0.004 -1.25 
Weight 37.760 38.325 -0.565 -1.25  37.880 38.189 -0.309 -1.16 
Height 141.703 142.111 -0.408 -0.76  141.832 141.825 0.007 0.02 
Waist circumference 62.199 62.904 -0.706* -2.42  62.596 62.528 0.069 0.39 
0th grade 0.294 0.260 0.034** 2.78  0.277 0.255 0.022** 3.14 
1st grade 0.237 0.247 -0.010 -0.84  0.244 0.255 -0.011 -1.63 
5th grade 0.265 0.275 -0.010 -0.86  0.275 0.289 -0.013 -1.82 
9th grade 0.204 0.218 -0.014 -1.23  0.204 0.201 0.002 0.34 
Age 10.065 10.216 -0.151 -1.63  10.113 10.143 -0.030 -0.55 
Gender 0.514 0.509 0.005 0.34  0.513 0.515 -0.002 -0.26 
Non-Western immigrant 0.143 0.216 -0.073*** -7.04  0.146 0.209 -0.063*** -10.37 
Only child 0.163 0.137 0.026** 2.67  0.161 0.136 0.024*** 4.23 
One sibling 0.521 0.519 0.002 0.11  0.525 0.521 0.004 0.48 
Two or more siblings 0.316 0.344 -0.028* -2.15  0.315 0.343 -0.028*** -3.72 
Birth weight 3.468 3.449 0.019 1.19  3.461 3.454 0.007 0.76 
Birth length 51.815 51.759 0.056 0.76  51.768 51.765 0.003 0.07 
Mother basic education 0.195 0.203 -0.008 -0.71  0.176 0.197 -0.021*** -3.39 
Mother vocational education 0.381 0.406 -0.025 -1.87  0.378 0.395 -0.017* -2.21 
Mother further education 0.388 0.355 0.033* 2.48  0.403 0.368 0.035*** 4.49 
Mother's education missing 0.027 0.026 0.001 0.24  0.034 0.027 0.007* 2.53 
Father basic education 0.178 0.187 -0.008 -0.79  0.173 0.179 -0.006 -0.96 
Father vocational education 0.411 0.414 -0.003 -0.24  0.409 0.422 -0.013 -1.63 
Father further education 0.340 0.336 0.004 0.30  0.348 0.338 0.010 1.33 
Father's education missing 0.067 0.059 0.008 1.23  0.067 0.057 0.010* 2.46 
Mother unempl./out of labour force 0.263 0.252 0.011 0.89  0.256 0.264 -0.008 -1.12 
Mother wage earner, low 0.346 0.381 -0.035** -2.64  0.329 0.349 -0.020** -2.61 
Mother employed, med./high 0.367 0.337 0.030* 2.27  0.393 0.354 0.039*** 5.02 
Father unempl./out of labour force 0.156 0.164 -0.008 -0.80  0.181 0.188 -0.007 -1.12 
Father wage earner, low 0.350 0.361 -0.011 -0.81  0.338 0.355 -0.017* -2.28 
Father employed, med./high 0.361 0.340 0.021 1.62  0.364 0.340 0.024** 3.06 

N 2506 2839    7431 8062   
N (waist circ., waist/height ratio) 2235 2406    6429 6888   

Note: Columns marked t show the 2-sample t-test statistics for difference in means. Significance levels:  
* p<0.05, ** p<0.01, *** p<0.001. 

 

To test for equality in the distributions of the outcomes for the treatment and control groups before 

treatment we use a Kolmogorov-Smirnov test on the distribution of BMI and waist/height ratio in school 

year 2009/10. The distribution of BMI is clearly the same across the two groups (p=0.35) in 2009/10 (see 

Figure 3), whereas the distribution of waist/height ratio tends to be a little higher for the treatment 

group compared to the control group (see Figure 4). However, the Kolmogorov-Smirnov test indicates 
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that the distribution of the waist/height ratio is the same for the treatment and the control groups 

(p=0.12).5  

Figure 3: Kernel density plot of BMI in 2009/10 (before treatment) by treatment group. 

 

 

 

 

 

 

 

                                                           
5 We have plotted kernel density functions of BMI and waist/height ratio by treatment group, and tested the 
distributions for equality with a Kolmogorov-Smirnov test in all gender and grade groups. In all subgroups by 
gender and grade the distribution of the waist/height ratio is clearly the same, whereas the distributions of BMI 
differ significantly among boys in grades 0 and 1. 

Note: Only data from school year 2009/10.  

Two-sample Kolmogorov-Smirnov test for equality of distribution functions: p=0.35 
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 Figure 4: Kernel density plot of wait/height ratio in 2009/10 (before treatment) by treatment group. 

 
 

 

 

5.5. SURVEY DATA ON HEALTH INITIATIVES AT SCHOOLS 

The dataset also includes information from a survey of treatment and control schools in 2011 and 2012 

on initiatives related to diet and physical activities. The survey included ten questions on specific dietary 

and physical activities: whether the school implemented ‘an increase in physical education’, ‘extra 

sports events’, ‘mandatory daily jogging’, ‘outdoor activities during breaks’, ‘weeks with special focus on 

health’, ‘participation in health campaigns such as “get moving”6’, ‘distribution of fruits and vegetables’, 

‘guidance in healthy dieting’, ‘a healthy lunch arrangement’ and ‘restrictions on students leaving school 

to buy food’, and two questions where the school could report other health initiatives. For each activity, 

                                                           
6 See http://www.getmoving.dk/. 

Note: Only data from school year 2009/10.  

Two-sample Kolmogorov-Smirnov test for equality of distribution functions: p=0.12 
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start and end dates were reported, enabling construction of variables for each school year in the 

sample. By summing dummy variables for each of these twelve questions we created a variable 

indicating the level (or number) of health activities at the school in each school year. Table A7 in 

Appendix A shows average number of health initiatives by treatment status and year. The reported 

number of health initiatives rose at both treatment and control schools over the three years, but 

increased most at the treatment schools. 

6. EVALUATION STRATEGY 

We use a variety of estimation strategies. Since we have a random experiment and since differences in 

outcomes between treatment and control groups before treatment started are small (see the previous 

section), we may estimate the effect of the HSN intervention using only post-treatment observations. 

For some treatment schools (early starters) there are two post-treatment years, whereas for others (late 

starters) there is only one post-treatment year. We run regressions of the form: 

𝑌𝑖𝑠𝑘𝑡 = 𝛼 + 𝛽𝑡 + 𝜏𝑇𝑠𝑡 + 𝛿𝑋𝑖𝑠𝑘𝑡 + 휀𝑖𝑠𝑘𝑡      (1) 

where 𝑌𝑖𝑠𝑘𝑡 is the health outcome (e.g. BMI or waist/height ratio) for student i in grade k at school s in 

school year t, 𝛽𝑡 is a constant for year t (in this case just the coefficient of a dummy for one of the two 

post-treatment years), 𝑋𝑖𝑠𝑘𝑡 is a vector of control variables (e.g. gender, ethnicity, age (at the date of 

health nurse measurement, measured in days divided by 365) and parental characteristics), 𝑇𝑠𝑡 is the 

dummy for treatment schools, and 휀𝑖𝑠𝑘𝑡 is the error term. The parameter of interest is 𝜏, the coefficient 

of the treatment school dummy. This specification is used to estimate the HSN effect for all grades 

combined (where we include in 𝑋𝑖𝑠𝑘𝑡 a third order polynomial in age and an age-gender interaction 

term), but we also estimate separate models by gender and grade in order to investigate heterogeneity 

in effects. In this estimation we include observations for control and treatment schools in 2010/11 and 

2011/12, except that late-starting treatment schools are only included in the last year.  

An alternative design is to apply difference-in-differences methods (see e.g. Angrist and Pischke, 2009, 

and Imbens and Wooldridge, 2009) using both pre- and post-treatment observations for all three years 

and all schools. This is possible because the first measurements at treatment schools are not affected by 

the intervention, so the health outcomes are measured both before and after treatment. Thus, we 

define a treatment dummy variable (Z) which is 1 in school years 2010/11 and 2011/12 for schools 
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starting HSN measurements in 2009/10, 1 in 2011/12 for schools starting HSN measurements in 

2010/11, and 0 otherwise. We run regressions of the form: 

𝑌𝑖𝑠𝑘𝑡 = 𝛼 + 𝛽𝑡 + 𝜃𝑇𝑠 + 𝜏𝑍𝑠𝑡 + 𝛿𝑋𝑖𝑠𝑘𝑡 + 휀𝑖𝑠𝑘𝑡    (2) 

Here, 𝛽𝑡 consists of coefficients of two time dummies, and the parameter of interest (𝜏) is the 

coefficient of 𝑍𝑠𝑡. The advantage of the DID design (2) is that we can control for initial differences in 

health outcome variables between treatment and control schools (occurring because of the cluster-

randomization at school level with rather few schools). A further advantage of the DID approach is that 

we use more observations; this may reduce the standard error of the treatment effect parameter 𝜏, 

especially since we may include school fixed effects (𝛾𝑠) to replace the treatment group term 𝜃𝑇𝑠 in (2):  

𝑌𝑖𝑠𝑘𝑡 = 𝛼 + 𝛽𝑡 + 𝛾𝑠 + 𝜏𝑍𝑠𝑡 + 𝛿𝑋𝑖𝑠𝑘𝑡 + 휀𝑖𝑠𝑘𝑡    (3) 

Thus, the DID approach takes account of initial differences between treatment and control groups and 

assumes instead that (given the covariates) the change in the health outcome from year t-1 to t at the 

treatment schools (starting treatment in year t) would have been equal to the change from t-1 to t at 

control schools if no treatment (HSN intervention) had taken place. In principle, ‘perfect’ randomization 

ensures that this common trends assumption is fulfilled, just as it ensures equal initial values of 

outcomes for treatment and control groups, but in practice with randomization over few units (schools), 

the identifying assumptions of models (1) and (2)-(3) are different.  

The models in equations (1)-(3) assume that the effect of treatment is constant over time. However, if 

the effect increases over time because of cumulative effects of successive measurements or due to a 

gradual increase in other health initiatives, treatment effects may be larger in the second year of 

treatment compared to the first year. Therefore, we estimate models similar to (1) but with 𝑍𝑠𝑡  replaced 

by two treatment dummies, one for the first year of HSN participation and one for the second year. 

The estimate of the treatment effect (the 𝜏 parameter) in equation (1) may be interpreted as an 

‘intention to treat’ effect (see e.g. Heckman et al., 1999), since some schools selected for treatment may 

choose not to participate very actively, i.e. only conduct HSN measurements for a small share of 

students, and only promote other health initiatives or use results from the HSN measurements in 

teaching to a very limited extent.  
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One indicator of the extent to which a treatment school participates actively is the share of students 

with HSN measurements. Therefore, in addition to the estimations described above, we estimate 

models (for grades 1, 5 and 9) in which the treatment dummy (𝑍𝑠𝑡) is replaced by a continuous variable 

for ‘treatment intensity’ (𝑍𝑠𝑘𝑡
𝑖𝑛𝑡) which for a given school, grade and school year is equal to the share of 

students at the school in grade k-1 in year t-1 who had HSN measurements. Thus, 𝑍𝑠𝑘𝑡
𝑖𝑛𝑡 varies between 0 

and 1 for treatment schools in treatment years, and is 0 for control schools in all years and for treatment 

schools in years before treatment. The reason why we use this alternative treatment variable is that the 

share of students with HSN measurements varies greatly between treatment schools and also over time 

within schools (see Table 1), and these measurements are an important part of the intervention. 

However, it is of course not random which schools choose a high level of treatment intensity. 

Presumably, schools more engaged in health initiatives in general and in the HSN intervention in 

particular will choose a higher intensity of treatment. In the extreme case, treatment schools choosing 

zero treatment intensity (no HSN measurements) would effectively act as control schools in the 

estimations. Therefore, estimates of ‘treatment effects’ using this alternative treatment variable may 

not be interpreted as causal effects of introducing the HSN intervention, but rather as descriptive 

parameters of the (conditional) correlation between the chosen treatment intensity and student health 

outcomes.  

In supplementary analyses for grades 0 and 1 we focus on the change in health outcomes from one year 

to the next for the same students, i.e. we take account of individual fixed effects (𝜑𝑖) when analysing the 

change from grade 0 to grade 1. Since we have excluded students changing school during our analysis 

period from the sample, individual fixed effects also control for school fixed effects. Thus, the model in 

levels is 

𝑌𝑖𝑠𝑘𝑡 = 𝛼 + 𝛽𝑡 + 𝜑𝑖 + 𝛿𝑋𝑖𝑠𝑘𝑡 + 𝜏𝑍𝑠𝑡 + 휀𝑖𝑠𝑘𝑡 

and in first-differences (which eliminates the individual fixed effects): 

𝑌𝑖𝑠𝑘𝑡 − 𝑌𝑖𝑠,𝑘−1,𝑡−1 = 𝛼 ′ + 𝛽𝑡
′ + 𝛿(𝑋𝑖𝑠𝑘𝑡 − 𝑋𝑖𝑠,𝑘−1,𝑡−1) + 𝜏(𝑍𝑠𝑡 − 𝑍𝑠,𝑡−1) + 휀𝑖𝑠𝑘𝑡

′  

Since 𝑘 = 1 and age (at the date of school nurse measurement) is (in practice) the only control variable 

which changes from t-1 to t, this equation may be written as 

𝑌𝑖𝑠1𝑡 − 𝑌𝑖𝑠0,𝑡−1 = 𝛼 ′ + 𝛽𝑡
′ + 𝛿(age𝑖𝑠1𝑡 − age𝑖𝑠0,𝑡−1) + 𝜏(𝑍𝑠𝑡 − 𝑍𝑠,𝑡−1) + 휀𝑖𝑠1𝑡

′     (4) 
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where 𝛽𝑡
′  is just the coefficient of a dummy for one of the two years of estimation. The term 𝑍𝑠𝑡 − 𝑍𝑠,𝑡−1  

on the RHS is equal to 𝑍𝑠𝑡  except in the school year 2011/12 for treatment schools starting treatment 

early (where 𝑍𝑠𝑡 = 1 both in 2010/11 and 2011/12); for these schools  𝑍𝑠𝑡 − 𝑍𝑠,𝑡−1  is zero in 2011/12. 

This specification is reasonable if we assume that children in grade 0 in 2010/11 at these schools were 

fully affected by the HSN intervention at the time they were measured by school nurses in grade 0, and 

if we assume that the HSN intervention does not have an additional cumulative effect on the health of 

these children from grade 0 to grade 1. Alternatively, if we assume that children in grade 0 were only 

weakly affected by the HSN intervention at the time of school nurse measurement in grade 0, or if there 

is an additional effect of HSN from grade 0 to grade 1, then it may be more reasonable to use 𝑍𝑠𝑡  

instead of  𝑍𝑠𝑡 − 𝑍𝑠,𝑡−1  on the RHS of (4). We estimate both specifications.  

In all estimations we use micro data for individual students, but the intervention is at school level. To 

take account of correlations between students within schools, we estimate robust standard errors 

clustered at schools. The number of clusters (schools) is 31, which is rather small. This means that 

estimates of cluster-robust standard errors may be biased. There is no easy solution to this problem 

when estimating DID models. Angrist and Pischke (2009, p. 321) suggest estimating both conventional 

and cluster-robust standard errors and in each case reporting the largest of the two. In our estimations, 

the clustered standard errors are larger than the conventional standard errors in the majority of cases, 

and we have therefore chosen to report these throughout.  

When the outcome Y in the above regressions is BMI (or waist/height ratio), then the estimate of  𝜏 is an 

estimate of the effect of participation in the HSN programme on the mean of BMI (or waist/height 

ratio). When Y is a dummy for overweight (or obesity), we estimate a linear probability model where the 

estimate of 𝜏  is the (additive) effect on the probability of being in the upper tail of the BMI distribution. 

7. RESULTS 

7.1. EFFECT OF TREATMENT: OLS MODELS USING POST-TREATMENT OBSERVATIONS  

Table 4 shows OLS estimation results for students in all four grades and of both genders using post-

treatment observations, i.e. observations for control and treatment schools in 2010/11 and 2011/12, 

except that late-starting treatment schools are only included in the latter school year.7 We control for 

                                                           
7 Using only observations from the last school year produces results which are not significantly different. 



ROCKWOOL FOUNDATION RESEARCH UNIT 

EVALUATING THE IMPACT OF A SCHOOL-BASED HEALTH INTERVENTION 
USING A RANDOMIZED FIELD EXPERIMENT 

 
 

 
28 

child characteristics (age, gender, ethnicity, siblings, birth weight and birth length) and parental 

characteristics (education and labour market status). A third-order polynomial in age is included. We 

have checked that the estimated treatment effects do not change in any significant way if we 

alternatively estimate a less parsimonious model with dummy variables for grade and cross terms 

between grade and age. The point estimates indicate that the HSN intervention causes small reductions 

in BMI, overweight and obesity, but an increase in waist/height ratio. However, estimated treatment 

effects (coefficients of the treatment school dummy) are clearly non-significant for all four outcomes; 

the largest t value is in the BMI equation (1.38) where the point estimate of the treatment effect is -

0.15, corresponding to an average reduction in BMI by 0.8%, or a reduction in weight by about 0.3 kg for 

an average student of height 1.4 metres.  

Table 4. Post-treatment OLS regressions including students in all four grades and of both genders 

 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 

Treatment -0.146 0.368 -0.011 -0.006 
 (0.106) (0.399) (0.013) (0.005) 
     
D12 (dummy for year 2011/12) -0.037 -0.079 -0.009 0.001 
 (0.067) (0.180) (0.009) (0.004) 
     
Age -1.420*** -3.314** 0.017 0.013 
 (0.374) (1.106) (0.064) (0.032) 
     
Age squared/100 18.194*** 29.258* 0.106 -0.130 
 (3.608) (10.828) (0.598) (0.309) 
     
Age cubed/1000 -5.115*** -8.474* -0.102 0.038 
 (1.085) (3.354) (0.178) (0.093) 
     
Male 0.182 0.594+ -0.133** -0.040** 
 (0.201) (0.334) (0.037) (0.014) 
     
Male*age -0.033 -0.038 0.011** 0.004* 
 (0.020) (0.034) (0.003) (0.001) 
     
Non-Western immigrant 0.462*** 0.873*** 0.073*** 0.018* 
 (0.101) (0.188) (0.012) (0.009) 
     
Only child 0.623*** 1.079*** 0.071*** 0.036*** 
 (0.091) (0.133) (0.013) (0.008) 
     
One sibling 0.142* 0.257** 0.022** 0.005 
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 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 
 (0.058) (0.092) (0.008) (0.005) 
     
Birth weight 1.056*** 1.393*** 0.098*** 0.022*** 
 (0.076) (0.141) (0.014) (0.005) 
     
Birth length -0.114*** -0.259*** -0.010*** -0.003** 
 (0.017) (0.032) (0.003) (0.001) 
     
Mother vocational education -0.106 -0.153 -0.011 -0.009 
 (0.110) (0.212) (0.015) (0.007) 
     
Mother further education -0.093 -0.128 -0.011 -0.007 
 (0.111) (0.234) (0.018) (0.007) 
     
Mother's education missing -0.150 -0.332 -0.019 -0.013 
 (0.148) (0.332) (0.024) (0.017) 
     
Father vocational education -0.259** -0.521** -0.011 -0.015** 
 (0.072) (0.149) (0.011) (0.006) 
     
Father further education -0.507*** -0.846*** -0.051*** -0.024*** 
 (0.104) (0.183) (0.013) (0.006) 
     
Father's education missing -0.415** -0.943*** -0.026 -0.014 
 (0.140) (0.257) (0.020) (0.011) 
     
Mother unempl./out of labour force 0.322*** 0.802*** 0.062*** 0.016** 
 (0.077) (0.149) (0.012) (0.005) 
     
Mother wage earner, low 0.280** 0.645*** 0.045** 0.015** 
 (0.079) (0.155) (0.014) (0.005) 
     
Father unempl./out of labour force 0.304** 0.435* 0.026* 0.003 
 (0.103) (0.199) (0.012) (0.006) 
     
Father wage earner, low 0.281*** 0.309* 0.029* 0.011* 
 (0.077) (0.124) (0.011) (0.005) 
     
Constant 21.066*** 64.144*** 0.193 0.074 
 (1.471) (3.604) (0.215) (0.119) 

N 9438 8060 9438 9438 
R2 0.424 0.060 0.050 0.021 

Standard errors (in parentheses) are clustered at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
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The significant coefficients of Male and Male*age in the estimations in columns 3 and 4 correspond to 

the pattern of the descriptive Table A4 in Appendix A: boys have a smaller risk than girls of being 

overweight or obese in grades 0 and 1, but a higher risk in grade 9. The age polynomials reflect that, for 

both genders, BMI increases with age, waist/height ratio decreases with age, and the relation between 

overweight and age is inversely U-shaped; the risk of obesity increases with age for boys, but decreases 

with age for girls. Being a non-Western immigrant or an only child is associated with higher values of the 

outcomes (i.e. larger BMI and waist circumference and higher risk of overweight and obesity). Greater 

birth weight and shorter birth length are also related to larger values of the outcomes. Having a father 

with further education or, to a lesser extent, vocational education (compared to only compulsory 

education) is associated with smaller values of the outcomes, whereas effects of the mother’s education 

are smaller and less significant. Having parents who are unemployed, out of the labour force or ‘low 

level’ wage earners (compared to being wage earners at higher levels or self-employed) are factors 

associated with higher values of the outcomes. The estimates of treatment effects are not affected in 

any significant way if we estimate more parsimonious models controlling only for school year effects, 

age and gender, or if we exclude observations from the two control schools that closed after the school 

year 2010/11.  

We have investigated whether there are significant treatment effects for any combination of gender and 

grade. We did that by estimating models similar to those in Table 4 by gender and grade (see Table 5). In 

these models we include the same set of control variables as in Table 4, except that we exclude age 

squared and age cubed (which are not necessary since the variation in age is very limited for each grade) 

and except, of course, that we exclude the terms for gender and its interaction with age. We estimate 

the models for all four grades (0, 1, 5 and 9), although one would expect only a very small effect of the 

intervention for grade 0 students, at least if their health indicators are measured by school nurses at the 

beginning of the school year (since they will not have had much time to adjust their health-related 

behaviour). Table 5 shows the estimated coefficients of the treatment dummy in 32 different 

estimations (by outcome, gender and grade). Two estimates are statistically significant at the 5% level: 

the intervention tends to reduce BMI for females in grade 5 (by 0.4) and to reduce the risk of obesity for 

females in grade 9 (by 2.6 percentage points). In addition, two estimates are marginally significant at the 

10% level: the effect on BMI is negative for males in grade 5 and the effect on waist/height ratio is 

positive for females in grade 0. The sign of the latter effect is surprising, and also the fact that the 

significant effect is for grade 0 since (as discussed above) preschool children were not enrolled at the  
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school the previous year and therefore they were only affected by the HSN intervention during a period 

of a few months before the measurement by the school nurse. Most point estimates for BMI, 

overweight and obesity are negative, while most point estimates for waist/height ratio are positive. 

Thus, these estimates by grade and gender do not indicate any consistent effect of the HSN 

intervention.  

Table 5. Post-treatment OLS regressions. Estimates of coefficient of treatment school dummy in 32 

different regressions by outcome, gender and grade 

 Females, 
grade 0 

Females, 
grade 1 

Females, 
grade 5 

Females, 
grade 9 

Males, 
grade 0 

Males, 
grade 1 

Males, 
grade 5 

Males, 
grade 9 

BMI 0.036 -0.070 -0.387* -0.151 -0.188 -0.093 -0.280+ 0.087 
 (0.175) (0.158) (0.177) (0.254) (0.134) (0.122) (0.165) (0.293) 
         
Waist/height 0.859+ 0.781 0.392 -0.064 0.497 0.415 0.299 -0.145 
 (0.472) (0.541) (0.632) (0.624) (0.379) (0.294) (0.554) (0.507) 
         
Overweight 0.018 -0.001 -0.035 0.006 -0.019 -0.012 -0.032 -0.001 
 (0.036) (0.028) (0.025) (0.026) (0.022) (0.019) (0.023) (0.033) 
         
Obese 0.002 -0.011 -0.008 -0.026* -0.010 -0.010 0.006 0.014 
 (0.009) (0.017) (0.008) (0.012) (0.008) (0.007) (0.010) (0.016) 

N 1185 1161 1302 904 1230 1232 1416 1008 
N (waist) 1072 876 1165 781 1071 935 1266 894 

All models include the same set of control variables as in Table 4 except age squared, age cubed, gender and 
gender-age interaction. Standard errors (in parentheses) are clustered at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

7.2. EFFECT OF TREATMENT: DID MODELS USING PRE- AND POST-TREATMENT 

OBSERVATIONS 

Table 6 shows results of estimating the DID model (2) without school fixed effects, using both pre- and 

post-treatment observations for all grades and both genders. Only the treatment effect estimates are 

shown in the table. The signs of the estimates are the same as in Table 4, but the size of the point 

estimate for waist/height ratio is very small, whereas the point estimate for the effect on obesity is 

larger numerically and marginally significant at the 10% level (indicating that the intervention reduces 

the risk of being obese by about one percentage point). 
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Table 6. DID estimates without school fixed effects 

 (1) (2) (3) (4) 
 BMI Waist/height ratio Overweight Obese 

Z -0.101 0.061 -0.007 -0.010+ 
 (0.104) (0.388) (0.013) (0.006) 
     

N 15493 13317 15493 15493 
R2 0.414 0.062 0.048 0.021 

All four estimations include the same control variables as in Table 7 except school dummies. Standard errors (in 
parentheses) are clustered at school level.+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
 

Table 7 shows DID estimation results controlling for school fixed effects (model (3)) using the full sample 

of students at all four grades and of both genders. Estimates of school fixed effects are not shown in the 

table, but they are clearly significant. The other controls are the same as in Table 4 (except for one extra 

school year dummy), and their estimated parameters are similar. Again, the point estimates of the Z 

dummy for being at a treatment school in a treatment year indicate that the HSN intervention causes 

small reductions in BMI, overweight and obesity, but an increase in waist/height ratio. However, 

estimated treatment effects are clearly non-significant for BMI, waist/height ratio and the probability of 

being overweight, and significant only at the 10% level for the probability of being obese. The size of the 

coefficient of Z indicates that participation in the HSN reduces the probability of being obese by 0.9 of a 

percentage point. As expected, standard errors of most parameters in Table 7 are smaller than in Table 

4 due to there being more observations and the inclusion of school fixed effects.  

Table 7. DID estimations with school fixed effects. The sample includes students in all four grades and of 

both genders 

 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 

Z -0.113 0.363 -0.011 -0.009+ 
 (0.092) (0.279) (0.014) (0.005) 
D11 (dummy 2010/11) 0.112+ 0.031 0.007 0.003 
 (0.057) (0.179) (0.008) (0.003) 
D12 (dummy 2011/12) 0.086 -0.120 0.001 0.005 
 (0.087) (0.223) (0.009) (0.004) 
Age -1.130** -2.659** 0.064 -0.004 
 (0.328) (0.895) (0.042) (0.026) 
Age squared/100 15.217*** 22.683* -0.368 0.024 
 (3.189) (8.823) (0.398) (0.248) 
Age cubed/1000 -4.191*** -6.556* 0.047 -0.006 
 (0.969) (2.750) (0.120) (0.075) 
Male 0.071 0.097 -0.138*** -0.042*** 
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 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 
 (0.164) (0.321) (0.027) (0.010) 
Male*age -0.019 0.006 0.011*** 0.004*** 
 (0.017) (0.031) (0.002) (0.001) 
Non-Western immigrant 0.454*** 0.698** 0.069*** 0.018* 
 (0.115) (0.215) (0.016) (0.009) 
Only child 0.525*** 0.817*** 0.069*** 0.028*** 
 (0.081) (0.123) (0.011) (0.006) 
One sibling 0.091 0.190* 0.020* 0.004 
 (0.055) (0.085) (0.008) (0.004) 
Birth weight 1.055*** 1.346*** 0.099*** 0.024*** 
 (0.067) (0.129) (0.010) (0.005) 
Birth length -0.112*** -0.256*** -0.011*** -0.003* 
 (0.015) (0.026) (0.002) (0.001) 
Mother vocational education -0.168+ -0.271+ -0.018 -0.009 
 (0.083) (0.159) (0.011) (0.006) 
Mother further education -0.208* -0.336+ -0.027+ -0.012 
 (0.098) (0.180) (0.015) (0.007) 
Mother's education missing -0.130 -0.222 -0.007 -0.006 
 (0.131) (0.281) (0.025) (0.013) 
Father vocational education -0.310*** -0.608*** -0.016+ -0.014* 
 (0.066) (0.136) (0.009) (0.006) 
Father further education -0.574*** -0.902*** -0.058*** -0.025*** 
 (0.085) (0.147) (0.011) (0.006) 
Father's education missing -0.421** -0.768** -0.033 -0.020+ 
 (0.130) (0.234) (0.020) (0.010) 
Mother unempl./out of labour force 0.267** 0.680*** 0.046*** 0.016*** 
 (0.083) (0.129) (0.011) (0.004) 
Mother wage earner, low 0.225** 0.563*** 0.033** 0.015*** 
 (0.070) (0.104) (0.012) (0.004) 
Father unempl./out of labour force 0.209* 0.312* 0.020+ 0.002 
 (0.085) (0.139) (0.010) (0.005) 
Father wage earner, low 0.204** 0.279* 0.026** 0.009* 
 (0.074) (0.105) (0.009) (0.004) 

N 15493 13317 15493 15493 
R2 0.421 0.096 0.055 0.026 

Dummies for schools are included as controls. Standard errors (in parentheses) are clustered at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

Since we have observations for the same schools for three school years, it is possible to take account of 

school specific linear trends in addition to school fixed effects. Table 8 shows results for the treatment 

effects when we include these interactions between a linear trend and school dummies. The number of 

observations is a little smaller in Table 8, since we had to exclude the two control schools which only 
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existed in the first two years of the study period.8 The results in Table 8 are similar to those of Table 7, 

except that point estimates of the effect on BMI, overweight and obesity are a little larger numerically, 

whereas the point estimate for waist/height ratio is smaller. Standard errors for the effect estimates are 

larger, since with only three time periods it is in practice difficult to distinguish treatment effects from 

differences in linear trends. For this reason, in the estimation results reported below, we do not include 

school-specific linear time trends as controls. 

Table 8. DID estimations with school fixed effects and school-specific linear trends. The sample includes 

students in all four grades and of both genders 

 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 

Z -0.142 0.162 -0.016 -0.010 
 (0.103) (0.430) (0.017) (0.007) 
     

N 15122 13007 15122 15122 
R2 0.426 0.106 0.056 0.026 

Control variables are identical to those in Table 7. In addition, controls for school-specific linear trends are 
included. The number of observations is smaller than in Table 7, since the two control schools which were closed in 
2011/12 are excluded. Standard errors (in parentheses) are clustered at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

Table 9 reports estimates of treatment effects for 32 DID estimations of model (3) by grade and gender. 

Each estimation includes the same set of controls as the estimations in Table 7 except for gender, 

gender-age interaction and the second- and third-order terms for age. These estimates indicate a 

positive effect on waist/height ratio for females in grade 0, a positive effect on obesity for males in 

grade 9 and a marginally significant negative effect on obesity for males in grade 0, while the other 

estimates are non-significant. Again, most point estimates for BMI, overweight and obesity are negative, 

while most point estimates for waist/height ratio are positive. The significant and rather large positive 

estimate for the effect on waist/height ratio for females in grade 0 is surprising, since (as discussed 

above) preschool children were not enrolled at the school in the previous year and therefore were only 

affected by the HSN intervention over a period of a few months before the measurement by the school 

nurse.9 The large and significant positive estimate of the effect on obesity for males in grade 9 is partly 

due to a reduction in the risk of obesity for the control group by two percentage points (see Table A6 in 

Appendix A), which is a surprisingly large reduction in light of the general trend towards an increased or 

                                                           
8 Estimating the models of Tables 4 and 7 with this smaller sample does not change results in any significant way. 
9 The size of the parameter estimate indicates that an average girl from 0th grade of a height of 1.2 metres will 
experience an increase in waist circumference of about 1.2 cm.  
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constant risk of obesity. The pattern of the (few) significant effects is very different for the DID estimates 

in Table 9 compared to the OLS estimates in Table 5 using only post-treatment observations, and 

especially the significant positive effect estimates in Table 9 are difficult to explain. However, when we 

estimate 32 different effects by outcome, grade and gender, we would expect that one or two of these 

estimates would be found significant at the 5% level even if all effects were in fact zero. Thus, the very 

different pattern of significant estimates in Tables 5 and 9 and the finding of no significant effects in the 

estimations for all grades and both genders combined (Tables 4 and 7) indicate no systematic effect of 

the intervention.  

Table 9. DID regressions: coefficient of treatment dummy (Z) in 32 different estimations by 
outcome, gender and grade 

 Females, 
grade 0 

Females, 
grade 1 

Females, 
grade 5 

Females, 
grade 9 

Males, 
grade 0 

Males, 
grade 1 

Males, 
grade 5 

Males, 
grade 9 

BMI -0.064 0.054 -0.270 -0.439 -0.170 -0.205 -0.028 0.087 
 (0.177) (0.203) (0.297) (0.389) (0.166) (0.202) (0.232) (0.337) 
         
Waist/height 1.020** 0.711 0.219 0.381 0.474 -0.049 0.670 -0.072 
 (0.361) (0.581) (0.693) (0.806) (0.374) (0.390) (0.509) (0.713) 
         
Overweight -0.007 0.023 -0.017 -0.047 -0.023 -0.039 0.016 -0.019 
 (0.030) (0.038) (0.036) (0.046) (0.031) (0.032) (0.037) (0.048) 
         
Obese -0.002 -0.029 -0.028 -0.008 -0.025+ -0.018 0.006 0.040* 
 (0.015) (0.024) (0.018) (0.018) (0.014) (0.012) (0.017) (0.019) 

N 2005 1871 2128 1531 2108 1998 2246 1606 
N (waist) 1784 1455 1897 1366 1825 1582 1954 1454 

Control variables are identical to those in Table 7. Standard errors (in parentheses) are clustered at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
 

Replacing the Z treatment dummy by two treatment dummies, one which is 1 for treatment schools in 

the first school year of the HSN intervention (and 0 otherwise), and another which is 1 for treatment 

schools in the second school year, we find no significant differences in the coefficients of these two 

dummies (even if point estimates indicate that the second year effect may be a little larger).   

7.3. ANALYSES OF INTENSITY OF TREATMENT 

We have investigated the relation between health outcomes and the indicator for treatment intensity 

(Zint) which we discussed in the data section. Since this indicator is defined by the share with HSN 
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measurement one grade below in the previous school year, observations for grade 0 are excluded from 

this analysis. Analysis of HSN effects excluding grade 0 is also interesting in its own right, since one may 

expect smaller effects for grade 0, as discussed above.  

Table 10 shows OLS estimation results from 12 regressions, three for each outcome, using only post-

treatment observations. The sample consists of students in grades 1, 5 and 9 (both girls and boys), and 

control variables are identical to those in Table 4. The first four regressions in the upper part of the table 

(model 1) are identical to the regressions of Table 4, except for the exclusion of students in grade 0. As in 

Table 4, the key explanatory variable is the HSN treatment dummy Z (which is here identical to the 

treatment school dummy, since we only use post-treatment observations). The estimated effects of the 

HSN intervention in model 1 in Table 10 are very similar to the corresponding estimates in Table 4, except 

that the negative point estimates of the effect on BMI and risk of overweight are a little larger numerically 

and the positive estimate of the effect on waist/height ratio is smaller, with a t-value below 1.  

Table 10. OLS results for post-treatment observations: students of both genders in grades 1, 5 and 9. 

Coefficients of treatment variables Z and Zint in three different models. 

 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 

Model 1     
Z -0.167 0.256 -0.014 -0.006 
 (0.116) (0.417) (0.013) (0.005) 
Model 2     
Zint -0.239* 0.487 -0.023 -0.007 
 (0.114) (0.498) (0.015) (0.005) 
Model 3     
Z 0.007 -0.430 0.009 -0.006 
 (0.231) (0.416) (0.021) (0.010) 
Zint -0.247 0.962+ -0.033+ -0.000 
 (0.222) (0.478) (0.019) (0.010) 
     
Test: coef(Z)=coef(Zint)=0 (p value) 0.076+ 0.147 0.095+ 0.410 
Test: coef(Z)+coef(Zint)=0 (p value) 0.570 0.076+ 0.266 0.751 
     

N 7023 5917 7023 7023 
All estimations include the same set of control variables as in Table 4. Standard errors (in parentheses) are 
clustered at school level. + p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

In model 2 in Table 10 the HSN treatment dummy (Z) is replaced by the variable for treatment intensity, 

Zint. The estimated coefficients of Zint have the same signs as those of Z in model 1, but they are 

numerically larger. This is not surprising, since Zint is identical to Z except that the value 1 for treatment 
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schools in treatment years is replaced by a value between 0 and 1. In model 2, the treatment effect on 

BMI is significant at the 5% level, and the point estimate indicates that the intervention would have had 

the effect of reducing BMI by about 0.24 if all students had HSN measurements in the previous school 

year. Treatment effects on waist/height ratio, overweight and obesity are non-significant.  

Model 3 of Table 10 includes both Z and Zint in order to allow outcomes to depend in a more flexible way 

on both whether the school is a treatment school and (if so) its treatment intensity. If the HSN 

intervention works according to the intention, one would expect both coefficients to be negative: the 

intervention would lead to a reduction in health problems, and more so if intensity of treatment was 

high. At the 5% level, Wald tests do not reject the hypotheses that both coefficients are zero or that the 

sum of the coefficients is zero (see the p values of the tests reported below the parameter estimates). 

The sum of the coefficients is the effect of the HSN intervention for a treatment school with maximum 

treatment intensity. In the waist/height ratio regression the coefficient of Z is negative and insignificant, 

whereas the coefficient of Zint is positive and significant at the 10% level. These point estimates indicates 

that the intervention reduces health problems (measured by waist/height ratio), but only if treatment 

intensity is very low. Again, however, Wald tests do not reject (at the 5% level) the hypotheses that both 

coefficients are zero or that their sum is zero.  

Table 11. OLS regression results for post-treatment observations by gender and grade: coefficient of 

treatment intensity (Zint) in 24 different estimations (by outcome, gender and grade) 

 Females, 
grade 1 

Females, 
grade 5 

Females, 
grade 9 

Males, 
grade 1 

Males, 
grade 5 

Males, 
grade 9 

BMI -0.077 -0.433* -0.389 -0.070 -0.363* 0.036 
 (0.175) (0.197) (0.429) (0.142) (0.174) (0.431) 
       
Waist/height 0.909 0.459 -0.117 0.415 0.287 0.358 
 (0.654) (0.710) (1.251) (0.332) (0.636) (0.921) 
       
Overweight -0.008 -0.038 0.002 -0.014 -0.040 -0.027 
 (0.032) (0.029) (0.043) (0.022) (0.025) (0.050) 
       
Obese -0.015 -0.010 -0.015 -0.013 0.007 0.007 
 (0.018) (0.009) (0.019) (0.008) (0.011) (0.024) 

N 1161 1302 904 1232 1416 1008 
N(waist) 876 1165 781 935 1266 894 

All estimations include the same set of control variables as in Table 7. Standard errors (in parentheses) are 
clustered at school level. 
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We have also estimated coefficients of Zint by grade and gender. Thus, the estimations in Table 11 

correspond to those in Table 5, except that the treatment dummy (Z) is replaced by the indicator for 

treatment intensity (Zint), and that there are no estimates for grade 0. Two coefficient estimates are 

significant at the 5% level in Table 11, indicating that the intervention reduces BMI for 5th grade students 

(both girls and boys) by about 0.4. All other estimates in Table 11 are non-significant.  

Table 12. Results of DID estimations including students of both genders in grades 1, 5 and 9: coefficients 

of treatment variables Z and Zint in three different models. 

 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 

Model 1     
Z -0.131 0.241 -0.010 -0.008 
 (0.103) (0.330) (0.015) (0.006) 
Model 2     
Zint -0.185 0.251 -0.015 -0.007 
 (0.121) (0.404) (0.015) (0.006) 
Model 3     
Z -0.004 0.166 0.000 -0.006 
 (0.160) (0.332) (0.018) (0.009) 
Zint -0.182 0.107 -0.015 -0.002 
 (0.188) (0.450) (0.017) (0.009) 
     
Test: coef(Z)=coef(Zint)=0 (p value) 0.318 0.762 0.560 0.360 
Test: coef(Z)+coef(Zint)=0 (p value) 0.590 0.931 0.621 0.806 
     

N 11,380 9,708 11,380 11,380 
All estimations include the same set of control variables as in Table 7. Standard errors (in parentheses) are 
clustered at school level. + p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

 

Tables 12 and 13 report DID results (for equation (3)) corresponding to the post-treatment OLS 

estimations in Tables 10 and 11. The results in Table 12 for grades 1, 5 and 9 together are similar to the 

results in Table 10, except that most point estimates are smaller and no estimates are statistically 

significant at the 10% level; in model 3 we cannot reject hypotheses that both coefficients are equal to 

zero for any of the four outcomes. The DID results by gender and grade do not indicate significant 

effects on BMI for 5th grade students (as the results in Table 11 did); instead, results indicate a 

marginally significant positive effect on waist/height ratio for girls in grade 1 and a marginally negative 

effect on obesity for boys in grade 1. Thus in general the treatment intensity variable is not consistently 

related to health outcomes. As we discussed in Section 6, the estimated effects of treatment intensity 

should not be interpreted causally. When we estimate similar models by gender and grade with both Z 
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and Zint as explanatory variables (as in model 3 in Tables 10 and 12), we cannot reject a hypothesis that 

both coefficients are zero, except in a few cases where the coefficients are of opposite signs, and then 

we cannot reject a hypothesis that the sum of the coefficients is zero. 

Table 13. DID regression results by gender and grade: coefficient of treatment intensity (Zint) in 24 

different estimations (by outcome, gender and grade) 

 Females, 
grade 1 

Females, 
grade 5 

Females, 
grade 9 

Males, 
grade 1 

Males, 
grade 5 

Males, 
grade 9 

BMI 0.221 -0.271 -0.250 -0.169 -0.096 -0.052 
 (0.219) (0.342) (0.705) (0.241) (0.245) (0.424) 
       
Waist/height 1.225+ 0.314 1.394 -0.181 0.658 0.193 
 (0.692) (0.786) (1.625) (0.423) (0.598) (1.060) 
       
Overweight 0.035 -0.013 0.015 -0.035 0.014 -0.051 
 (0.045) (0.041) (0.070) (0.038) (0.039) (0.060) 
       
Obese -0.022 -0.031 0.019 -0.025+ 0.008 0.034 
 (0.024) (0.021) (0.028) (0.013) (0.019) (0.027) 

N 1871 2128 1531 1998 2246 1606 
N (waist) 1455 1897 1366 1582 1954 1454 

All estimations include the same set of control variables as in Table 7. Standard errors (in parentheses) are 
clustered at school level. + p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

7.4. OTHER HEALTH ACTIVITIES   

Introducing the HSN intervention can have both crowding-out and complementary effects with respect 

to other health-promoting activities at schools. Due to limited resources, schools may only be able to 

manage a certain number of health initiatives at a time, and thus introducing the HSN intervention may 

crowd out alternative health-promoting initiatives. However, introducing the HSN programme might 

also enhance and complement engagement in other health initiatives. Specifically, as the HSN 

programme mainly consists of measuring children on a number of health parameters, it could be a 

useful tool for schools in evaluating other initiatives. Thus, the extent to which schools engage in other 

health promoting activities is not necessarily exogenous with respect to the HSN intervention. 

Nevertheless, using the survey data discussed at the end of the data section and reported in Table A7, 

we have tried to include as an extra control variable a measure of the number of other health initiatives 

at the individual schools, since this variable may to some extent control for each school’s general health 

approach (i.e. general focus on health-promoting activities). However, if in fact implementation of other 

initiatives is affected by HSN, estimates of HSN effects in these analyses do not have a causal 
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interpretation. Tables 14 and 15 show post-treatment OLS and DID results respectively for the pooled 

sample of boys and girls in 0th, 1st, 5th and 9th grades where we include the extra explanatory variable 

measuring the number of other health initiatives reported by the school (between 0 and 10 activities 

were reported). We include the same set of control variables as in the estimations of Tables 4 and 7. 

None of the four outcomes are significantly associated with the number of health initiatives reported by 

the school, but all point estimates are positive, which might indicate that schools with a larger share of 

overweight children are more likely to introduce more health initiatives. When we control for the health 

activities, the negative point estimates of Z on BMI and obesity become statistically significant at the 

10% and 5% levels respectively in the DID regressions of Table 15. When we include an interaction term 

between Z and the variable measuring the number of other health initiatives, standard errors become 

much larger due to multicollinearity, and none of these parameters are even close to being significant.  

 

Table 14. Results of OLS estimations on post-treatment observations for all four grades and both 

genders: coefficients of treatment dummy (Z) and number of health initiatives at the school 

 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 

Z -0.1534 0.3445 -0.0119 -0.0056 
 (0.1138) (0.4163) (0.0147) (0.0041) 
     
Health initiatives at school (0-12) 0.0143 0.0629 0.0016 0.0009 
 (0.0228) (0.0789) (0.0031) (0.0007) 

N 9237 7884 9237 9237 
R2 0.428 0.062 0.049 0.021 

The set of control variables is the same as in Table 4. Standard errors (in parentheses) are clustered at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

 

Table 15. Results of DID estimations for all four grades and both genders: coefficients of treatment 

dummy (Z) and number of number of health initiatives at the school  

 (1) (2) (3) (4) 
 BMI Waist/height Overweight Obese 

Z -0.1491+ 0.3702 -0.0152 -0.0093* 
 (0.0865) (0.2839) (0.0136) (0.0045) 
     
Health initiatives at school (0-12) 0.0295 0.0108 0.0044 0.0001 
 (0.0217) (0.0706) (0.0028) (0.0010) 

N 15122 13007 15122 15122 
R2 0.425 0.097 0.054 0.024 

The set of control variables is the same as in Table 7. Standard errors (in parentheses) are clustered at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
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One could say that the intention of the HSN intervention, including student measurements and 

providing health information to schools, is to improve student health through motivating the schools to 

launch various types of health initiatives chosen by the schools themselves. Consequently, we have tried 

using the HSN treatment dummy as an instrument for the number of health initiatives in a two-stage 

least squares regression of health outcomes on the number of health initiatives. However, the first stage 

shows no significant correlation between HSN status and the number of health initiatives. 

7.5. ANALYSES FOR GRADES 0 AND 1, TAKING ACCOUNT OF INDIVIDUAL FIXED 

EFFECTS 

Table 16 shows the results of estimating the model in equation (4) for both girls and boys using data for 

changes in outcomes over time for individual students from grade 0 to grade 1.  

Table 16. Results of DID estimations controlling for individual fixed effects by gender: changes from 

grade 0 to grade 1.  

 Females  Males 

 (1) (2) (3) (4)  (5) (6) (7) (8) 
 BMI Waist/ 

height 
Over- 

Weight 
Obese  BMI Waist/ 

height 
Over- 

weight 
Obese 

dZ 0.0394 0.7143 0.0102 0.0056  0.0225 0.6805 0.0105 -0.0069 
 (0.0693) (0.4649) (0.0171) (0.0143)  (0.0709) (0.4601) (0.0185) (0.0075) 

N 1045 671 1045 1045  1102 689 1102 1102 
R2 0.003 0.036 0.003 0.001  0.003 0.029 0.003 0.002 

Change in age and a school year dummy are included as controls. Standard errors (in parentheses) are clustered at 
school level. + p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

 

Table 17. Results of DID estimations controlling for individual fixed effects by gender: changes from 

grade 0 to grade 1 (with level of treatment dummy as key explanatory variable). 

 Females  Males 

 (1) (2) (3) (4)  (1) (2) (3) (4) 
 BMI Waist/ 

Height 
Over- 

weight 
Obese  BMI Waist/ 

height 
Over- 

weight 
Obese 

Z 0.0082 0.4639 -0.0005 0.0030  0.0698 0.5643* 0.0071 -0.0062 
 (0.0707) (0.3337) (0.0180) (0.0118)  (0.0804) (0.2583) (0.0150) (0.0058) 

N 1045 671 1045 1045  1102 689 1102 1102 
R2 0.003 0.030 0.003 0.001  0.005 0.027 0.003 0.002 

Change in age and a school year dummy are included as controls. Standard errors (in parentheses) are 
clustered at school level. + p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
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The effect of HSN is clearly non-significant. Results are similar when the change in the treatment dummy 

is replaced by its level (see Table 17), except that here the effect on waist circumference is significant for 

boys at the 5% level. The parameter estimate for boys suggests that participation in the HSN increases 

the waist/height ratio by 0.56, corresponding to an increase in waist circumference of about 0.7 cm for 

an average boy of 1.23 metres in height.  

7.6. EFFECT OF TREATMENT BY SUBGROUPS RELATED TO SOCIOECONOMIC 

CHARACTERISTICS 

We have examined the differences in the effects of participating in the HSN programme by demographic 

and socioeconomic characteristics by including interactions between these variables and the treatment 

dummy (Z). Selected results (for grades 0, 1, 5 and 9 together) are presented in Tables A8 and A9 in 

Appendix A for post-treatment OLS and DID regressions respectively. In model 1 of these tables we 

include an interaction effect between non-Western immigrant status and the treatment dummy, Z. The 

point estimates of the interaction term are positive for all four outcomes, while the point estimates of 

the main effects of Z are negative for BMI, overweight and obesity, and positive for waist/height ratio. In 

the BMI regression in Table A8 the interaction term is significant at the 5% level and the main effect is 

marginally significant at the 10% level. These estimates indicate that the HSN intervention tends to 

reduce BMI for native Danes (and Western immigrants), but not for non-Western immigrants. The same 

pattern tends to apply for the overweight outcome, although here the main effect is non-significant. 

However, for the DID estimations the interaction term between Z and non-Western immigrant is not 

significant for any of the outcomes. For obesity, the parameter estimate of Z is significant at the 5% level 

in the DID regression in Table A9, indicating that HSN reduces the risk of obesity among native Danish 

(and Western immigrant) students. The positive point estimate of the interaction term is half the size of 

the main effect, indicating that HSN also reduces obesity among non-Western immigrants but to a lesser 

extent than among Danish students.   

In model 2 in Tables A8 and A9 we include an interaction between Z and a dummy which is equal to 

unity if neither the father nor the mother has completed a course of further or higher education. All the 

estimated coefficients of the interaction terms are clearly non-significant in this case. In model 3 in 

Tables A8 and A9 we include an interaction between Z and an indicator for both parents being 

unemployed, out of the labour force or low-level wage earners. The coefficients of the interaction terms 
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are positive except in the DID estimation for obesity, where the coefficient is very close to zero. The 

point estimates of the interaction effect on BMI and waist/height ratio are significantly different from 

zero (at the 10% level) and a little larger numerically than the main effect of Z (although not significantly 

so). The main effect of Z is again negative for BMI, overweight and obesity and positive for waist/height 

ratio, but only significant (at the 5% or 10% level) for BMI. Thus, these results indicate that for BMI, HSN 

has no effect for students for whom both parents are wage earners at a low level, unemployed or out of 

the labour force, while HSN has a significant negative effect on BMI for students for whom one or both 

of the parents are wage earners at medium or high level, or self-employed. 

7.7. CONTROL FOR INITIAL HEALTH STATUS 

In the main analysis, which includes all four grades, it is not possible to control for initial health status, 

since we do not have data for the same children in consecutive school years. However, this is possible 

when the sample is restricted to students for whom we have observations for both grade 0 and grade 1, 

i.e. the sample used in the estimations reported in Tables 16 and 17. When we include lagged outcomes 

in the BMI or waist/height ratio regressions similar to those in Tables 16 and 17, the coefficients of the 

lagged outcomes become significant, but the estimated treatment effects do not change in any 

significant way.  

We have tried estimating differential treatment effects by initial health status in several ways. For 

instance, in BMI and waist/height ratio regressions we have included dummies for whether the student 

in grade 0 was above the 75 percentile in the BMI and waist/height ratio distribution (of all students in 

2009/10), and also an interaction term between each of these lagged health variables and the treatment 

dummy. However, these interaction effects are clearly non-significant, and the main treatment effect 

estimates are approximately the same as in the corresponding estimations reported in Tables 16 and 17. 

7.8. ADDITIONAL ROBUSTNESS CHECKS 

All the results presented in this paper are based on the three-school-year sample from 2009/10-

2011/12. Actually, we have data also for 2008/09 for weight and height (but not for waist 

circumference) for grades 0, 1 and 9 (but not 5). In supplementary analyses, we have included these 

data, but this does not change results in any significant way. 
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We constructed variables based on the BMI measurement to indicate overweight and obesity, using 

conventional threshold values of BMI as explained above. There are no similar conventional threshold 

values for waist/height ratio. Instead, we generated various dummy variables based on percentiles in 

the waist/height ratio distribution for all students in our sample in 2009/10. For instance we (for all 

three school years of our study) generated a dummy based on the 80th percentile which is one for 

students with a value of waist/height ratio above this percentile and zero otherwise. We did a series of 

analyses using such dummy variables as outcomes in order to investigate whether the effects of HSN on 

waist/height ratio are different at different points in the distribution compared to the effects on the 

mean (which we present in the tables in this paper). In general, however, results using these dummy 

variable indicators of ‘large waist circumference’ are very similar to the results based on the continuous 

waist/height ratio variable. Point estimates are in general positive (indicating unintended effects of 

HSN), but the majority of the estimates are statistically non-significant. 

We have checked the influence of outliers by dropping observations with very large and very small 

values of BMI (e.g. the 1% of the sample in each end of the distribution) – and similarly for outliers in 

terms of waist/height ratio. However, the results presented above are very robust to the exclusion of 

outliers. We have also tried excluding all observations from a given school. This robustness check could 

be important in order to check whether one school is very different from the others in terms of 

unobserved variables, or if measurement errors in outcomes are particularly large at a given school. 

Thus, we ran 31 different sets of estimations on samples excluding observations from one of each of the 

31 schools in the sample. The results were found to be very robust in this respect as well. 

Instead of BMI and waist/height ratio as outcomes, we also used weight and waist measurements 

separately, and instead included height and height squared as control variables. Again, the results are 

basically the same. The treatment dummy parameter is non-significant, with positive point estimates for 

waist and negative point estimates for weight. 

In ‘placebo models’ with height as the outcome the treatment dummy is clearly non-significant, as 

expected. 
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8. DISCUSSION AND CONCLUSION 

The Healthy Schools Network differs from previous health interventions with children in that no direct 

action is taken to improve the children’s health status or the health environment at the school. The core 

elements in the programme are measuring the children on a range of health parameters that indicate 

their health status, including height, weight, waist circumference, fitness rating and vertical jump height, 

and to establish health committees at schools, communicate knowledge about health, and support 

health-promoting projects at schools for children aged 5 to 16. The intention is that these health 

initiatives will make children (and their parents and teachers) more aware of their health status and 

thereby induce behavioural changes towards increased physical activity and improved diet. Thus, the 

results in this paper are not directly comparable with the results found in previous studies of the effects 

of health interventions in schools. 

Because of high and, for many countries, increasing rates of child overweight, and strong evidence of 

the negative long-term effects of this trend, governments in many countries are working actively to 

develop instruments that can change behaviours related to diet and physical exercise. A recent 

Cochrane review (Waters et al., 2011) analysed 55 studies that evaluate diet and exercise interventions 

to prevent overweight in children. Large differences exist in the design, implementation, duration and 

organization of these programmes, but overall Waters et al. (2011) find that most school interventions 

reduce child overweight and obesity. In their meta-analysis they find that when children aged 6-12 

participate in a health intervention at school, then on average their BMI is reduced by 0.15 kg/m2, and 

this effect becomes statistically significant when evidence from the various studies is combined. The 

authors conclude that this would be a ‘small but clinically important shift in population BMI if sustained 

over several years’.  

Our point estimates indicate that the HSN intervention has average effects on BMI of about the same 

size (see Tables 4, 7, 8, 10 and 12), and our estimates also indicate that HSN reduces the risk of being 

overweight and obese. However, most of these point estimates for BMI, overweight and obesity are not 

statistically significant, and results for waist/height ratio indicate unintended effects in the opposite 

direction, although the majority of these estimates are also non-significant.  

It is difficult to explain why the sign of the estimated effects for waist/height ratio is in general the 

opposite of that for BMI, overweight and obesity. The few statistically significant positive effect 
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estimates on waist/height ratio are almost exclusively found for grade 0 (see Tables 5, 9 and 13). This is 

surprising, since one would expect smaller and less significant effects for grade 0 than for higher grades, 

given that children in grade 0 were only affected by the intervention during a few months prior to 

measurement by the school nurse (whereas children in higher grades were also affected by the 

intervention in previous years). The positive estimates for waist circumference for grade 0 may partly be 

explained by differential selection bias for missing waist circumference information across treatment 

status in grade 0. Thus, the analysis in Appendix B indicates that the estimated treatment effect on waist 

measurement is upward biased for grade 0, i.e. that the estimate would be smaller if we had waist 

circumference information for all individuals in the sample for whom we have BMI information. 

However, even when we exclude grade 0 observations, the majority of the point estimates of the 

waist/height ratio regressions are positive, although clearly non-significant (see the estimates for model 

1 in Tables 10 and 12). The analysis in Appendix B indicates that, for all grades, measurement errors for 

waist circumference are much larger than for weight and height, and since measurement error is 

clustered on the rather low number of school nurses, this might be part of the explanation.  

Overall, we find no consistent (positive or negative) effects of the HSN programme on student health 

indicators. The fact that a few estimates seem to be significant may be due to the multiple comparisons 

problem. Analyses by subgroups of students in terms of socioeconomic characteristics indicate that the 

HSN programme is more likely to benefit children from advantaged backgrounds, but the differential 

effect is not significant for all types of socioeconomic characteristics; it is (marginally) significant when 

subgroups are defined in terms of parents’ labour market status, but not when, for example, parents’ 

level of education is used. Thus, the main conclusion is that we find no consistent effect of the HSN 

programme. There may be several reasons for this finding. 

First, the extent of treatment of the individual student is rather modest, even though in principle the 

HSN programme affects all students at a participating school. The main focus of the programme is to 

measure health indicators for each student and to make information about these indicators available to 

the individual students and their parents, and encourage teachers to use general information about the 

measurements in their lessons. The establishment at each school of a health committee and a teacher 

responsible for health may help to promote other health initiatives at the school, but the programme 

does not directly include extra physical education lessons or other specific health-related initiatives. 

Therefore, it is perhaps not surprising that the initiative does not have large effects within a time 
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horizon of 1-2 years after its implementation. This type of initiative, which focuses on information about 

health issues in general and health status of the individual student in particular as a vehicle to induce 

changes in lifestyle toward more exercise and more healthy food consumption, may work in the long 

run, even though it does not have measurable effects in the very short term.  

Second, the randomization into treatment and control schools was conducted across all relevant schools 

in the municipality of Odense, including schools which did not wish to participate in the intervention. 

Thus, these schools were ‘forced’ to participate if they were randomized into the treatment group (just 

as control schools were ‘forced’ not to participate). Treatment effects would presumably have been 

larger if the randomization into treatment and control schools had been restricted to a group of schools 

with a (strong) desire to participate in the intervention. The fact that a large fraction of schools 

randomized into the treatment group postponed implementation by one year and the fact that only two 

out of 15 control schools accepted the offer of joining the programme after three years indicate that the 

majority of schools were not much interested in participating.  

Third, even though the HSN programme, through its focus on the importance of information about 

health, may induce some treatment schools to engage in other health promoting initiatives as well, the 

programme may work in the opposite direction at other schools, crowding out such initiatives.  

Fourth, the implementations of the HSN programme at individual schools may differ greatly. Even 

though the annual health measurements are the most specific part of the programme, the share of 

students who were actually measured in a given year varied a great deal between treatment schools, 

and also between grades within the schools. At some schools there are no measurements at all for 

students in some grades in a given year. We investigated this problem by replacing the treatment 

dummy by an indicator of treatment intensity (the share of students at the school in the previous year 

and grade with HSN measurements), but this did not change the results significantly.  

Fifth, a qualitative evaluation (Als Research, 2013) based on interviews at six HSN schools (one in 

Odense and five in other municipalities) and a survey of HSN schools indicates that the HSN 

measurements were not used much, and that the most important component of the programme may 

have been the establishment of a health committee at each school which increased awareness of health 

problems and promoted health-related activities. Only very few children (about 5%) or their parents had 



ROCKWOOL FOUNDATION RESEARCH UNIT 

EVALUATING THE IMPACT OF A SCHOOL-BASED HEALTH INTERVENTION 
USING A RANDOMIZED FIELD EXPERIMENT 

 
 

 
48 

checked the child’s individual measurements on the HSN home page, and teachers typically did not use 

results from the measurements in their teaching. 

Sixth, even though all students at a school were affected by the HSN programme and we have about 

15,000 student observations, we only have data for 31 schools (14 treatment and 17 control schools), 

and this limits the statistical power of the analysis, since the intervention is at school level.  

Seventh, since the health measurement data collected by school nurses which we use in the evaluation 

are only available for four grades (0, 1, 5 and 9), we are not able to take account of individual fixed 

effects (or lagged health status) except in an analysis of the change of health indicators from 0th to 1st 

grade. 

Since the long term effects of a programme such as HSN may be larger than its short term effects, it 

would be interesting to investigate longer-term effects at a later point in time. This would be possible, 

since the measurements by school nurses which we use in this evaluation are collected each year.  
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10. APPENDIX A 

Table A1: School nurse measurements for treatment and control schools by year and month for each 

grade. 

Treatment schools                     

Year 2009 2010 

 Month Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

0th grade 0 8 26 178 105 170 109 96 29 20 8 0 

1st grade 0 0 0 0 1 11 28 94 207 198 76 0 

5th grade 11 247 144 110 18 72 21 14 26 2 0 0 

9th grade 75 86 58 97 60 44 32 16 33 18 0 0 

 
            

Year 2010 2011 

 Month Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

0th grade 0 2 53 101 79 121 129 104 13 21 21 0 

1st grade 0 2 2 1 5 7 15 176 103 221 75 0 

5th grade 77 209 186 189 23 3 12 2 0 2 1 0 

9th grade 0 72 62 79 6 22 33 26 46 18 46 0 

 
            

Year 2011 2012 

 Month Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

0th grade 0 0 34 150 128 132 111 89 16 22 41 1 

1st grade 0 0 2 1 2 14 44 45 192 310 82 0 

5th grade 75 258 179 159 22 3 3 1 0 1 2 0 

9th grade 3 33 75 85 48 62 67 161 104 0 0 0 

 
            

Control schools            

Year 2009 2010 

 Month Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

0th grade 1 85 82 205 128 172 51 37 3 3 3 0 

1st grade 1 5 2 1 2 22 44 128 210 206 86 0 

5th grade 15 293 190 92 64 79 0 2 3 4 6 0 

9th grade 64 114 29 72 112 145 59 10 0 0 0 0 

 
            

Year 2010 2011 

 Month Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

0th grade 1 20 77 217 130 109 55 46 2 8 1 0 

1st grade 0 0 1 7 32 33 107 172 145 190 52 0 

5th grade 86 390 150 79 40 9 5 7 1 2 1 0 

9th grade 37 44 1 97 27 52 20 49 24 0 0 0 

 
            

Year 2011 2012 

 Month Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

0th grade 0 0 6 135 137 208 136 56 6 21 2 0 

1st grade 0 1 0 4 2 46 67 88 125 279 68 0 

5th grade 58 218 209 231 29 6 2 0 8 9 8 0 

9th grade 0 57 39 138 43 75 88 55 90 81 0 0 
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Table A2. Means of basic characteristics by whether the observation is included in the estimation 

sample (i.e. whether BMI measurements exist and the child did not change school during the study 

period) and two-sample t-test statistics. 

 In sample Not in sample Difference t 

Grade 0 0.265 0.214 0.052*** 6.18 
Grade 1 0.250 0.270 -0.020* -2.25 
Grade 5 0.282 0.129 0.154*** 21.43 
Grade 9 0.203 0.388 -0.185*** -19.37 
Male  0.513 0.537 -0.024* -2.41 
Non-Western immigrant 0.181 0.199 -0.018* -2.24 
Only child 0.142 0.168 -0.025*** -3.38 
One sibling 0.524 0.484 0.039*** 3.92 
Two or more siblings 0.334 0.348 -0.014 -1.49 
Birth weight 3.457 3.438 0.019 1.68 
Birth length 51.765 51.631 0.134* 2.50 
Mother basic education 0.198 0.241 -0.043*** -5.04 
Mother vocational education 0.387 0.377 0.010 1.03 
Mother further education 0.385 0.331 0.054*** 5.67 
Mother's education missing 0.030 0.052 -0.021*** -4.90 
Father basic education 0.181 0.216 -0.036*** -4.37 
Father vocational education 0.415 0.403 0.012 1.23 
Father further education 0.343 0.288 0.055*** 5.93 
Father's education missing 0.062 0.093 -0.031*** -5.43 
Mother unempl./out of labour force 0.233 0.292 -0.058*** -6.45 
Mother wage earner, low 0.336 0.339 -0.003 -0.27 
Mother employed, med./high 0.431 0.370 0.061*** 6.24 
Father unempl./out of labour force 0.159 0.193 -0.034*** -4.30 
Father wage earner, low 0.341 0.352 -0.012 -1.22 
Father employed, med./high 0.500 0.454 0.046*** 4.53 

N 15,493 2,930   
* p<0.05, ** p<0.01, *** p<0.001 
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Table A3: Detailed description of variables  

Dependent variables, child health indicators measured by the school nurse:  
BMI (Body Mass Index): weight in kg/(height in metres)2. 
Waist/height ratio: waist in cm/height in m. 
Overweight: The threshold for each gender and age group is designed to pass through BMI 25 at age 
18 (Cole et al. 2000). 
Obesity: The threshold for each gender and age group is designed to pass through BMI 30 at age 18 
(Cole et al. 2000). 
 
Child variables: 
Gender: (0/1) 1 if boy. 
Age: age at the date of school nurse measurement in days divided by 365, i.e., age measured in years. 
Non-Western immigrant: immigrant or child of immigrants from non-Western countries. 
Only child; one sibling (reference group: more than one sibling). 
Birth weight in kg. 
Birth length in cm. 
Grade: 0th, 1st,5th, 9th grades. 
 
School characteristics for the child’s school: 
School activities: Sum of health initiatives at school level. 
School dummy for each school except one (30 dummies). 
 
Treatment variables: 
Treatment, Z: (0/1) 1 if child was enrolled at an HSN school in a year with a potential HSN effect. 
Intensity of treatment (Zint): Share of students measured in the HSN system by grade and school in the 
previous school year. Thus, for students in grade k in school year t at a given school, Zint is the share of 
students in school year t-1 in grade k-1 who had HSN measurements. 
 
Parental variables (all variables are measured one year before the child’s measurement): 
Education: one set of variables for father and one for mother. 
Mother/Father basic education: (0/1) 1 if mother’s/father’s education is basic (compulsory) schooling. 
Mother/Father vocational education: (0/1) 1 if mother’s/father’s education is vocational training or 
upper secondary school. 
Mother/Father further education: (0/1) 1 if mother’s/father’s had further or higher education. 
 
Occupation: one set of variables for father and one for mother 
Mother/Father unemployed or out of the labour market: (0/1) 1 if mother’s/father’s occupational 
status is unemployed or out of the labour force at the end of the year. 
Mother/Father high or medium level wage earner or self-employed: (0/1) 1 if mother’s/father’s 
occupational status is self-employed or high or medium level wage earner at the end of the year. 
Mother/Father wage earner, low: (0/1) 1 if mother’s/father’s occupational status is low level wage 
earner (or wage earner of unknown type) at the end of the year. 
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Table A4. Descriptive statistics for outcomes by grade and gender 

 N Mean SD Min Max 

Grade 0, girls      
BMI 2005 15.889 1.777 10.888 29.112 
Waist/height ratio 1784 44.826 3.495 36.441 62.092 
Overweight 2005 0.155 0.362 0.000 1.000 
Obese 2005 0.030 0.172 0.000 1.000 
Weight 2005 23.427 3.809 14.400 49.200 
Height 2005 121.149 5.291 104.000 139.000 
Waist 1784 54.308 4.723 43.000 78.000 
Grade 0, boys      
BMI 2108 15.956 1.712 11.806 33.418 
Waist/height ratio 1825 44.826 3.254 36.290 67.143 
Overweight 2108 0.108 0.311 0.000 1.000 
Obese 2108 0.027 0.162 0.000 1.000 
Weight 2108 24.088 3.904 16.000 65.500 
Height 2108 122.594 5.506 104.300 142.000 
Waist 1825 54.953 4.581 42.500 94.000 
Grade 1, girls      
BMI 1871 16.577 2.278 11.065 30.347 
Waist/height ratio 1455 44.273 4.171 36.290 64.179 
Overweight 1871 0.196 0.397 0.000 1.000 
Obese 1871 0.045 0.208 0.000 1.000 
Weight 1871 27.768 5.222 16.200 54.200 
Height 1871 129.061 5.783 110.500 165.000 
Waist 1455 57.140 6.049 45.000 90.000 
Grade 1, boys      
BMI 1998 16.490 1.961 12.527 36.598 
Waist/height ratio 1582 44.036 3.466 35.036 73.267 
Overweight 1998 0.131 0.337 0.000 1.000 
Obese 1998 0.022 0.145 0.000 1.000 
Weight 1998 28.361 5.007 16.000 84.000 
Height 1998 130.787 5.924 107.500 158.000 
Waist 1582 57.648 5.394 45.000 111.000 
Grade 5, girls      
BMI 2128 18.680 3.129 12.323 36.093 
Waist/height ratio 1897 43.373 5.141 30.625 71.565 
Overweight 2128 0.205 0.404 0.000 1.000 
Obese 2128 0.032 0.177 0.000 1.000 
Weight 2128 42.606 9.154 24.000 95.900 
Height 2128 150.545 7.190 125.000 177.000 
Waist 1897 65.318 8.315 49.000 112.000 
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 N Mean SD Min Max 
Grade 5, boys      
BMI 2246 18.613 3.017 12.972 43.547 
Waist/height ratio 1954 44.222 5.117 28.378 76.074 
Overweight 2246 0.204 0.403 0.000 1.000 
Obese 2246 0.036 0.185 0.000 1.000 
Weight 2246 42.323 9.013 25.100 115.700 
Height 2246 150.314 7.089 115.500 178.000 
Waist 1954 66.529 8.571 42.000 124.000 
Grade 9, girls      
BMI 1531 21.594 3.408 14.114 40.641 
Waist/height ratio 1366 43.415 5.014 32.558 73.065 
Overweight 1531 0.180 0.384 0.000 1.000 
Obese 1531 0.033 0.178 0.000 1.000 
Weight 1531 58.948 10.218 37.500 124.000 
Height 1531 165.146 6.375 144.500 186.000 
Waist 1366 71.591 8.225 56.000 118.000 
Grade 9, boys      
BMI 1606 21.483 3.611 13.544 40.677 
Waist/height ratio 1454 43.026 5.289 29.825 72.176 
Overweight 1606 0.217 0.413 0.000 1.000 
Obese 1606 0.055 0.229 0.000 1.000 
Weight 1606 66.644 13.149 31.000 133.000 
Height 1606 175.855 7.722 120.000 200.000 
Waist 1454 75.592 9.673 51.000 131.000 
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Table A5. DID estimates for girls by grade for 2009/10 and 2011/12 without control variables 

 2009/10  2011/12   

 Mean  
treatment 

Mean  
control 

Diff.  Mean  
treatment 

Mean  
control 

Diff.  DID 

          
Grade 0          
BMI 16.050 15.950 0.099  15.775 15.775 0.000  -0.099 
Waist/height 45.242 45.362 -0.120  44.919 44.096 0.823  0.943 
Overweight 0.178 0.170 0.008  0.140 0.131 0.008  -0.000 
Obese 0.040 0.039 0.001  0.026 0.029 -0.002  -0.004 
Weight 23.923 23.292 0.631  23.366 23.187 0.178  -0.453 
Height 121.761 120.573 1.188  121.435 120.980 0.455  -0.733 
Waist 55.155 54.622 0.533  54.584 53.308 1.275  0.743 
          
Grade 1          
BMI 16.509 16.672 -0.163  16.466 16.708 -0.243  -0.079 
Waist/height 44.378 44.420 -0.042  44.137 43.510 0.627  0.668 
Overweight 0.185 0.215 -0.030  0.171 0.214 -0.043  -0.013 
Obese 0.053 0.038 0.015  0.034 0.055 -0.022  -0.037 
Weight 27.641 28.039 -0.399  27.663 27.932 -0.269  0.129 
Height 129.052 129.311 -0.259  129.226 128.963 0.263  0.522 
Waist 57.281 57.480 -0.198  56.990 56.121 0.870  1.068 
          
Grade 5          
BMI 18.673 18.687 -0.014  18.620 18.679 -0.059  -0.045 
Waist/height 43.375 43.139 0.236  43.851 42.739 1.112  0.875 
Overweight 0.205 0.213 -0.008  0.192 0.201 -0.009  -0.001 
Obese 0.039 0.029 0.010  0.026 0.021 0.005  -0.006 
Weight 43.082 42.486 0.596  42.539 42.513 0.026  -0.570 
Height 151.377 150.346 1.032  150.735 150.451 0.284  -0.748 
Waist 65.922 64.922 1.000  65.995 64.319 1.676  0.675 
          
Grade 9          
BMI 21.294 21.187 0.108  21.533 21.893 -0.360  -0.468 
Waist/height 42.869 42.729 0.139  43.687 44.148 -0.461  -0.601 
Overweight 0.179 0.150 0.029  0.186 0.180 0.006  -0.023 
Obese 0.012 0.032 -0.020  0.022 0.045 -0.024  -0.003 
Weight 58.582 57.661 0.921  58.821 59.781 -0.960  -1.881 
Height 165.922 164.957 0.965  165.161 165.078 0.083  -0.882 
Waist 71.055 70.470 0.585  71.923 72.701 -0.778  -1.363 
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Table A6. DID estimates for boys by grade for 2009/10 and 2011/12 without control variables 

 2009/10  2011/12   

 Mean  
treatment 

Mean  
control 

Diff.  Mean  
treatment 

Mean  
control 

Diff.  DID 

          
Grade 0          
BMI 15.938 16.051 -0.113  15.869 15.974 -0.105  0.008 
Waist/height 44.944 44.888 0.056  45.075 44.432 0.643  0.586 
Overweight 0.105 0.113 -0.008  0.095 0.107 -0.011  -0.003 
Obese 0.033 0.034 -0.001  0.019 0.026 -0.007  -0.006 
Weight 24.186 24.203 -0.017  24.205 24.053 0.152  0.169 
Height 122.840 122.554 0.286  123.212 122.462 0.750  0.464 
Waist 55.270 55.046 0.224  55.551 54.400 1.151  0.926 
          
Grade 1          
BMI 16.623 16.524 0.099  16.356 16.405 -0.048  -0.148 
Waist/height 44.223 43.891 0.332  43.903 43.443 0.461  0.129 
Overweight 0.160 0.141 0.018  0.110 0.115 -0.004  -0.023 
Obese 0.016 0.025 -0.009  0.009 0.025 -0.015  -0.006 
Weight 28.929 28.394 0.535  28.001 28.134 -0.134  -0.669 
Height 131.620 130.648 0.972  130.550 130.596 -0.046  -1.018 
Waist 58.186 57.377 0.809  57.382 56.810 0.572  -0.237 
          
Grade 5          
BMI 18.454 18.572 -0.118  18.321 18.717 -0.396  -0.279 
Waist/height 43.911 44.009 -0.097  44.286 43.854 0.432  0.529 
Overweight 0.181 0.197 -0.016  0.177 0.200 -0.023  -0.007 
Obese 0.030 0.032 -0.002  0.026 0.042 -0.016  -0.014 
Weight 42.190 42.000 0.190  41.548 42.878 -1.330  -1.520 
Height 150.632 149.945 0.687  150.216 150.733 -0.517  -1.203 
Waist 66.486 65.954 0.532  66.492 66.210 0.282  -0.250 
          
Grade 9          
BMI 21.279 21.623 -0.345  21.595 21.449 0.147  0.491 
Waist/height 42.766 42.870 -0.104  43.295 43.512 -0.216  -0.112 
Overweight 0.197 0.236 -0.039  0.223 0.220 0.003  0.042 
Obese 0.051 0.069 -0.018  0.075 0.049 0.026  0.044 
Weight 65.770 66.914 -1.144  66.730 66.986 -0.255  0.889 
Height 175.513 175.566 -0.052  175.606 176.467 -0.862  -0.810 
Waist 75.015 75.341 -0.326  75.851 76.559 -0.708  -0.382 
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Table A7. The average number of other health initiatives at schools by treatment status and school year 

 Control 

schools 

Treatment 

schools 
Total 

2009/10 2.47 1.93 2.21 

2010/11 3.07 3.86 3.45 

2011/12 3.67 5.36 4.48 

Total 3.07 3.71 3.38 

See Section 5 for a description of the health initiatives data 

 

Table A8. OLS regression results using post-treatment observations: coefficient of treatment dummy (Z) 

and its interaction with immigrant status, parental education, and parental employment status 

 BMI Waist/ 
height 

Over- 
weight 

Obese 

     
Model 1 (immigrant status)     
Z -

0.200+ 
0.306 -0.017 -0.008 

 (0.106) (0.421) (0.014) (0.005) 
Z * non-Western immigrant 0.351* 0.389 0.040* 0.012 
 (0.156) (0.416) (0.019) (0.012) 
     
Model 2 (parental education)     
Z -

0.189+ 
0.247 -0.015 -0.002 

 (0.108) (0.388) (0.013) (0.004) 
Z * neither mother nor father has further education 0.090 0.249 0.007 -0.008 
 (0.105) (0.216) (0.013) (0.009) 
     
Model 3 (parental employment status)     
Z -

0.239* 
0.205 -0.020 -0.007 

 (0.112) (0.417) (0.013) (0.004) 
Z * mother and father unempl./out of labor force/low wage 
earner 

0.247+ 0.423+ 0.023 0.002 

 (0.141) (0.223) (0.016) (0.008) 

N 9438 8060 9438 9438 
All three regressions include the same set of controls as in Table 4. Standard errors (in parentheses) are clustered 
at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 



ROCKWOOL FOUNDATION RESEARCH UNIT 

EVALUATING THE IMPACT OF A SCHOOL-BASED HEALTH INTERVENTION 
USING A RANDOMIZED FIELD EXPERIMENT 

 
 

 
59 

Table A9. DID regression results: coefficient of treatment dummy (Z) and its interaction with immigrant 

status, parental education, and parental employment status. 

 BMI Waist/ 
height 

Over- 
weight 

Obese 

Model 1 (immigrant status)     
Z -0.136 0.331 -0.015 -

0.009* 
 (0.094) (0.291) (0.015) (0.004) 
Z * non-Western immigrant 0.152 0.206 0.027 0.004 
 (0.145) (0.281) (0.024) (0.011) 
     
Model 2 (parental education)     
Z -0.113 0.308 -0.010 -0.004 
 (0.096) (0.277) (0.015) (0.006) 
Z * neither mother nor father has further education -0.001 0.115 -0.001 -0.011 
 (0.076) (0.153) (0.009) (0.009) 
     
Model 3 (parental employment status)     
Z -

0.191+ 
0.228 -0.020 -0.009 

 (0.097) (0.272) (0.015) (0.005) 
Z * Mother and father unempl./out of labor force/low wage 
earner 

0.207+ 0.352* 0.023 -0.000 

 (0.116) (0.155) (0.016) (0.009) 

N 15493 13317 15493 15493 
All three regressions include the same set of controls as in Table 7. Standard errors (in parentheses) are clustered 
at school level. 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 

 

  



ROCKWOOL FOUNDATION RESEARCH UNIT 

EVALUATING THE IMPACT OF A SCHOOL-BASED HEALTH INTERVENTION 
USING A RANDOMIZED FIELD EXPERIMENT 

 
 

 
60 

11. APPENDIX B 

 

Table B1. Mean of waist, weight and height measurements by grade and school year for the school with 

biased measures of waist circumference in the school year 2010/2011 and for all other schools. 

  

School with biased waist 
measurements 

 All other schools 

  waist weight height  waist weight height 
 

    Grade 0    

2009/10  54.6 24.1 123.8  55.1 23.9 122.0 

2010/11  49.0 23.8 122.8  54.4 23.6 121.6 

2011/12  54.3 23.4 122.0  54.4 23.8 122.1 
 

 
       

 
 

   Grade 1    

2009/10  55.7 27.4 131.8  57.7 28.3 130.2 

2010/11  48.8 27.6 130.6  57.7 28.2 129.9 

2011/12  56.3 27.8 130.5  56.8 28.1 129.8 
 

 
       

 
 

   Grade 5    

2009/10  63.4 40.1 150.2  65.9 42.9 150.9 

2010/11  63.2 40.0 150.6  66.5 42.7 150.1 

2011/12  64.5 43.3 152.8  65.8 42.5 150.4 

Note. Means of all measurements are calculated for observations with non-missing waist 

measurements. The number of observations for the school with biased waist measurements in 2010/11 

is 65-77, depending on grade and school year.  
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Table B2. Reductions in Root Mean Squared Error (RMSE) when school nurse fixed effects are 

introduced in estimations of waist circumference, weight and height on explanatory variables 

  All observations  Excluding observations from 1 school nurse  

  All grades  All grades  Only grades 0 and 1 

  Waist Weight Height  Waist Weight Height  Waist Weight Height 

  
           

RMSE0  7.001 7.820 6.129  6.993 7.850 6.140  4.984 4.221 4.944 

RMSE1  6.884 7.797 6.123  6.897 7.826 6.133  4.879 4.206 4.929 

D(RMSE)  0.117 0.023 0.006  0.095 0.023 0.007  0.104 0.015 0.015 

R(RMSE)  0.017 0.003 0.001  0.014 0.003 0.001  0.021 0.003 0.003 

F(nurse FE)  13.821 3.156 1.792  11.294 3.200 1.783  9.163 2.313 2.156 

N   13,450    13,318    6,646  

Note: RMSE0 is the RMSE of a regression on all explanatory variables in the model in Table 7, except 

that school fixed effects are replaced by a treatment school dummy; RMSE1 is the RMSE when school 

nurse fixed effects are added; D(RMSE)=RMSE0-RMSE1, i.e. the absolute difference in RMSE; 

R(RMSE)=D(RMSE)/RMSE0, i.e. the relative difference in RMSE; F(nurse FE) is the F test statistic of joint 

significance of all school nurse dummies. Estimations for weight and height are restricted to 

observations with non-missing waist measurements. 

 

Table B3. Mean BMI in grade 0 by treatment status and availability of waist information; number of 

observations in parentheses (all three school years) 

Treatment status (Z) Waist information No waist information Difference 

0 15.94 (2682) 16.10 (332) 0.16 

1 15.89   (994) 15.35 (105) -0.54 

Difference -0.05 -0.75 -0.70 

 

 


