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Abstract 

 

Abstract 

Background 

Obesity (OB) is one of the main determinants of avoidable disease burden. 

Schools are excellent learning environments where children spend a great 

deal of time to apply intervention program to reduce OB. Some school-based 

interventions focused on 6- to 12-year-old children have shown some 

beneficial effects on prevention of OB prevalence. Our hypothesis is that a 

regular, systematic, educational intervention in primary schools improves 

lifestyle choices and reduces OB developed by university students acting as 

Health Promoter Agents (HPA). The benefits achieved are maintained for 

several years after intervention cessation. 

Primary Objective  

1. To evaluate the effects of a 28-month EdAl primary-school-based 

program that promotes a healthy lifestyle including dietary and PA 

recommendations on OB prevalence in children 7-8 years of age. 

Secondary Objectives 

2. To design a health promotion program, named Educació en 

Alimentació (EdAl), for implementation by university student HPAs in 

primary schools. 

3. To implement an EdAl program by HPAs in primary schools. 

4. To verify that the benefits achieved, that is, OB prevalence reduction 

and PA practice increase, are sustained at 2 years post-cessation of 

the intervention in adolescents aged 11-13 years who participated in 

the EdAl program. 
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Methods 

EdAl program is a randomized, controlled, school-based program performed 

by university students acting as HPA. There are two clusters, (designated 

cluster A and cluster B) as the units of randomization. The first cluster 

involves 24 schools from Reus (it was intervention group), and the second 

cluster involved 14 schools from Cambrils, Salou and Vilaseca (it was the 

control group) combined in order to obtain comparable groups. Data 

collected include name, gender, date and place of birth, and subsequently 

weight, height, body mass index (BMI) and waist circumference, each year 

of follow-up. Questionnaires on eating and PA habits are filled-in by the 

parents or guardians in baseline, end-of-study and 2 years follow-up post-

cessation intervention program. The intervention has a duration of 3 school-

academic years and, 2-year post-cessation it has continued the assessment 

of EdAl participants (control and intervention group).  

The intervention program is based on 8 lifestyle topics. These 8 topics are 

developed in 4 educational activities/year for 3 years (a total of 12 activities; 

1 h/activity) performed by HPA.  

Descriptive data are presented as means and 95% confidence interval 

(95%CI) in variables with normal distribution, and Median (Interquartile 

Range) in variables with no normal distribution, or percentages (95%CI). 

Fisher’s exact test was used to analyse differences between the intervention 

and control pupils in relation to the prevalence of OB. The odds ratios (OR) 

and the 95%CI were calculated for nutritional patterns, after-school physical 

activity and sedentary habits based on the questionnaire. The 

anthropometric measurements were calculated with ANOVA analyses 

adjusted by age. The main analyses were performed with the modified 

intention-to-treat. Statistical significance was set at p≤0.05. Data were 

analysed using SPSS statistics 20 package. 
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Results 

After 28 months of EdAl program, OB prevalence in boys was decreased 

−2.36% in the intervention group (from 9.59% to 7.23%) and increased 

2.03% (from 7.40% to 9.43%) in the control group; the difference was 4.39% 

(95% CI 3.48 to 5.30; p=0.01). The boys in the intervention group had an 

effective reduction of −0.24 units in the change of BMI z-score (from 0.01 to 

−0.04), compared to control (from −0.10 to 0.09); 5.1% more intervention 

pupils undertook PA >5 hours/week than control pupils (p= 0.02). Since 

baseline to 2-year follow-up, in the intervention group OB prevalence was 

reduced (-5.5%; p<0.01) and BMI z-score (-0.25; p<0.01). At 2-y EdAl 

program had post-cessation, in the intervention group, change of BMI z-

score had an effective reduction in both genders, -0.26 units in boys and -

0.32 in girls compared to control group.  A 16% higher scholars percentage 

who practice ≥4 after-school PA h/week in intervention group (51.7% vs. 

34.9%; p<0.01), while a 5% higher who watched ≥4 television h/day was in 

control group (4.4% vs. 9.5%; p=0.035).   

Conclusions 

1. The design of the EdAl program provided 12 activities implemented by 

HPAs that are designed to be entertaining yet informative and that are 

focused on healthy lifestyle concepts that can be achieved by improving diet 

and PA practice. 

2. Medical, Physiotherapy and Human Nutrition and Dietetics students 

trained as HPAs enrolled the EdAl program. 

3. The HPA university program can be used to train, design, standardize and 

promote healthy lifestyle activities effectively in different community 

environments. 

4. At 28 months of the EdAl program, the prevalence of OB was reduced by -

4.39% in boys but not in girls compared with the control groups, and the BMI 
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z-scores were reduced by −0.20 units in total and by −0.24 units in boys 

participating in the EdAl intervention, confirming its effectiveness, as the 

magnitude of these changes is greater than -0.15 units related to the 

changes in the control group. 

5. At 2-years post-cessation, the OB prevalence decreased by -5.5% in 

adolescents in the intervention group. 

6. At 2-years post-cessation, the BMI z-scores were significantly reduced by 

-0.29 units in the adolescents who were included in the intervention group of 

the EdAl program compared to those of the control group. 

7. At 28 months of the EdAl program, the percentage of intervention 

participants performing ≥5 hours/week of after-school PA had significantly 

increased to 19.7%, or 5.1% more children compared to the control group. 

8. At 2-years post-cessation of the EdAl program, 13.1% more adolescents 

in the intervention group performed ≥4 h/week of after-school PA compared 

to the control group. 

9. The EdAl program stimulates the practice of after-school PA in adolescent 

participants, with 51% of intervention participants nearly achieving the WHO 

recommendations of 60 minutes/day of PA that is considered moderate to 

vigorous. 

10. At 2-years of follow up, the participation in ≥4 h/week of after-school PA 

and the daily consumption of fruit were protective factors against OB, 

whereas ≤2 h/week of after-school PA was a risk factor for OB. 

Global conclusion 

A regular, systematic, educational intervention that promotes a healthy 

lifestyle and that includes dietary and PA recommendations is an easy tool 

that can be implemented by HPAs as part of their university curriculum to 

reduce the prevalence of OB and to increase the practice of after-school PA 
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in children with these achieved benefits sustained at 2-years post-cessation 

of the intervention. 

Perspectives 

Long-term follow-up of the EdAl participants is needed to confirm the 

effectiveness of the EdAl school-based intervention program. 

Furthermore, the EdAl program must be reproduced to compare it with other 

populations and to confirm its effectiveness and feasibility. 
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OB Obesity 

OW Overweight 

BMI Body Mass Index 

Y Year 
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WHO World Health Organization 

CDC Center Diseases Control 
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1. INTRODUCTION 

Children represent the future, and their healthy growth should be the first 

objective for all societies. For children less than 10 years of age, childhood is 

a vulnerable period and is influenced by environmental factors, such as 

dietary habits and lifestyles (WHO, 2010). 

Healthy lifestyles acquired in childhood may be maintained in adolescence 

(ages 10 to 19 years, inclusive). Most adolescents make the transition into 

adulthood in good health and do not fall victim to epidemic diseases, such as 

obesity (OB), which tends to occur later in life (WHO, 2010). 

Because OB status in adulthood is predicated on childhood and adolescent 

weight, OB prevention should begin early in life. An educational program is a 

tool to prevent OB (Reinehr & Wabistch, 2011). 

1.1 Health Education and Health Promotion 

1.1.1 Definitions 

1.1.1.1 Health 

 "Health is a state of complete physical, mental and social well-being and not 

merely the absence of disease or infirmity" (WHO, 2013). 

In 1986, the Ottawa Charter for Health Promotion defined health as an 

individual or group’s ability to satisfy needs and to change or cope with the 

environment. Health is a resource for everyday life, not the objective of 

living. Health is a positive concept emphasizing social and personal 

resources as well as physical abilities (WHO, 1986). 

1.1.1.2 Wellness 

Wellness is the optimal state of individual and group health that involves the 

comprehension of the physical, psychological, social, spiritual and economic 

potential of each individual and their respective family, community, place of 

worship, workplace and other settings (figure 1) (WHO, 2012). 
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Figure 1. Source: Dimensions of health and well-being (WHO, 2012) 

1.1.1.3 Health Education 

Health education is any combination of learning experiences designed to 

help individuals and communities improve their health, according to WHO 

(WHO, 2012). 

The WHO of Europe lends support to Member States: 

- To provide technical consultancy and support to countries to 

improve the quality of education and the training of health 

professionals;   

- To build national and institutional competence to introduce evidence-

based approaches in education and practice; 

- To advise on the Bologna Process in health professionals’ 

education. 
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According to the WHO, health education is any combination of learning 

experiences designed to help individuals and communities improve their 

health by increasing their knowledge or influencing their attitudes (WHO, 

2012). Furthermore, the Coalition of National Health Education 

Organizations and the Society for Public Health Education declared that 

health education is (Hanson et al., 2013): 

- The social science to promote health and to prevent disease and 

premature death through education with voluntary behavior-change 

activities. 

- The development of individual or group systematic strategies to 

improve health knowledge, attitudes, skills and behaviors. 

- The influence and impact of individual or group health behaviors, 

besides those pertaining to living and working conditions, on health. 

Health education provides information concerning healthy nutrition and 

physical activity (PA) using techniques such as the active participation of the 

target population to promote health as a process that permits people to 

improve their health. 

Health education and promotion must assess the social determinants of 

health and use appropriate approaches to improve well-being. 

1.1.1.4 Health Promotion 

Health promotion focuses on physical, mental and social well-being, not 

solely with regard to disease, as in the WHO definition of health. Health 

promotion and education are needed when there is a behavioral risk and a 

link to living conditions. 

Health promotion involves the improvement of influencing lifestyles, health 

services and environments. There are several definitions of health 

promotion, most of which are related to health as a general concept, 

involving community and individual participation. The most prominent health-
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promotion concept, from the Ottawa Charter (WHO, 1986), proposes a 

context for action that specifies five priority areas: building healthy public 

policies; creating supportive environments; strengthening community action; 

developing personal skills; and reorienting health services. 

 

Figure 2. Model of Health Promotion (Health education: theoretical concepts, effective 

strategies and core competencies). 

1.1.2 Service-learning 

“Service-learning,” which links academic coursework with community-based 

service, provides specific experiences and training for university students 

through medical and health-science courses and improves health status by 

increasing control over the determinants of a healthy lifestyle that have been 

developed and applied around the world  (Doolittle et al., 2006; Porter, 

2007). As a complex educational approach that involves students and 

communities, this training is based on several theories that reflect the active 

learning and the reflection of students, as demonstrated in 1938 by Dewey 

(Menamin et al., 2014). This learning process exhibits reciprocity between 

Health education 

Health 
Protection 
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the learners and the communities (Doolittle et al., 2006; Durlak et al., 2011; 

McMenamin et al., 2014, McMenamin et al., 2010). 

The heightened scientific rigor involved in service-learning research has 

been utilized within the prevention sciences (Doolittle et al., 2006). 

 

Table 1. Service-learning provides the following educational benefits: 

The application of theory to practice in the community environments, 

Skill development by conveying appropriate health messages via public 
speaking, etc., 

Social responsibility, among other important benefits. 

Table 1. Service-learning educational benefits (Azer et al., 2013) 

1.1.3 Health Promoter Agents 

Health Promoter Agents (HPAs) act as reference models for the general 

population, while the latter develop tasks and collaborations to promote 

health initiatives. The HPAs must maintain professionalism and a spirit of 

service while they acquire and assimilate bioethics. 

The HPA concept has been applied in various communities under different 

titles, such as educator in family welfare, country doctor and medical 

assistant, district nurse and community health worker (Giralt et al., 2011). 

Certain projects related to health have been developed for implementation 

by HPAs in their communities. In 2003, a project in Tanzania was developed 

in which young citizens (10-14 years of age) were trained as community 

HPAs to promote health in general and awareness of HIV/AIDS in particular 

(Kamo et al., 2008). The methodology of the program was to have the young 

people enact a light-hearted drama with serious messages about this 

disease. The results indicated that such a project could improve 

communication between adults and youth to overcome the stigma of HIV-

positive status. Other habit-changing programs are important. For example, 

elevated levels of sugar in the diet may cause dental caries and other health 
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problems, including more serious issues, such as metabolic derangements. 

Hence, dental and nutrition professionals must act as HPAs because it 

appears evident that interventions to change behavior have the potential to 

alter disease trends (Richards & Filipponi, 2011). 

The MATCH project, a Mexican study (Swider et al., 2010), consisted of a 

multi-component community health worker-training program to disseminate 

the awareness of diabetes and its consequences in the community. The 

individuals selected as community health workers (termed “promotoras”) 

received 90 h of initial training with follow-up supervision and continuous 

training. It is becoming increasingly clear that programs involving community 

HPA interventions are effective in improving health outcomes. However, 

more research in this field is necessary. 

Students can perform self-reflection regarding the community situation 

before, during and after the service-learning activities (Azer et al., 2013). 

1.2 School-based intervention 

The school environment has the potential to introduce healthy lifestyles to 

children and adolescents across all socioeconomic and ethnic strata. 

Several programs involving lifestyle interventions at schools have been 

conducted, but the study results have been inconsistent (Harris et al., 2009; 

Zenzen & Kridli, 2009). 

The implementation of effective prevention strategies at an early age are of 

highest importance, as school-based interventions have yielded very limited 

data on the effectiveness of childhood OB-prevention programs from 

randomized controlled trials, and no generalizable conclusions can be 

established (Collins et al., 2004; Verstraeten et al., 2012). 

The effectiveness of school-based interventions involves several PA 

strategies, such as the following (Gutin, 2013): 

- reducing the negative emphasis on restriction of energy intake, 
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- promoting adequate intervals of vigorous PA, 

- assuring that the participation in vigorous PA is maintained, 

- taking individual differences into account when interpreting the 

meaning of vigorous PA. 

Two target groups have been identified for implementing school-based 

interventions: one group composed of all children and adolescents and the 

other focused on overweight children and adolescents. Usually, the results 

demonstrate greater success when the target group is obese or overweight 

(OW) because messages can be clearer and stronger than with the other 

target group. In the excess body weight target group, the reduction of body 

weight is immediately effective after the intervention program, but the 

evidence concerning post-cessation of the intervention is unknown (Silveira 

et al., 2011). 

1.2.1 Age 

The optimum age to implement a school-based intervention is between 7 

and 8 years because children are more receptive to guidance at that age 

(Kuoppala et al., 2008). A recent review of school-based interventions for the 

prevention of OB prevalence in children found strong evidence to support 

the beneficial effects of excess weight prevention programs on body mass 

index (BMI), especially for those programs that targeted children 6 to 12 

years of age (Waters et al., 2011). It might be concluded that OB prevention 

should begin by the age of 5-7 years because children who do not develop 

good health habits more easily become obese during older childhood and 

adolescence (Cunningham et al., 2014). Because OW and OB status in 

adulthood are predicated on weight during childhood and adolescence, OB 

prevention should commence early in life (Reinehr & Wabitsch, 2011). 

Moreover, a recent review showed that the risk of OW children becoming 

OW adults was at least twice that for normal-weight children (Singh et al., 

2008). 
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1.2.2 The school environment 

Schools are excellent learning environments where children spend a great 

deal of time (Lautenschlager & Smith, 2007). The school environment is 

regarded as a good setting for the promotion of health interventions among 

children because no other institution has as much contact time with the 

target population (Taylor et al., 2013; Wechsler et al., 2000). Schools provide 

an environment wherein nearly all children can be reached repeatedly and 

continuously, and where health education can be combined with health 

promoting environmental changes (Brug et al., 2010). 

The large majority of childhood OB-prevention activities have occurred in 

primary and secondary schools (WHO, 2009). 

Several studies involve comprehensive, multi-component programs with 

interventions targeting the school environment and that combine diet and PA 

(WHO, 2013). 

1.2.3 Characteristics school-based interventions 

To rectify the OB problem in children, The Institute of Medicine recommends 

a series of entry points to engage in a school-based program (Institute of 

Medicine, 2004): 

a) To spend time performing PA in daily life. 

b) To create environments for healthy foods and beverages those 

generate and reinforce easy choices. 

c) To promote healthy messages about PA and nutrition in child and 

adolescent environments. 

d) To prevent childhood OB in the educational environment. 

The school-based interventions based on effective nutrition education and 

PA combined to yield both behavioral and excess weight changes 

(Hoelscher et al., 2013). Whereas the evidence is insufficient to conclude 
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that school-based nutrition education interventions effectively reduce excess 

weight in children, the school-based PA interventions alone reduced BMI and 

excess weight in children by increasing PA leisure practice time and by 

reducing the television time. The school-based interventions that combine 

nutrition and PA are effective with regard to changes in BMI and demonstrate 

a behavioral improvement as demonstrated by increased PA and fruit and 

vegetable intake and decreased sedentary behaviors (American Dietetic 

Association, 2006). 

School-based interventions can significantly reduce children’s BMI, 

especially if they include a physical exercise component (Lavelle et al., 

2012). Furthermore, several studies suggest that the combination of 

increasing PA and classroom curriculum (physical education) significantly 

decreases the prevalence of childhood OW and OB (Gonzalez-Suarez et al., 

2009). 

 

Specific strategies for promoting healthy eating and PA to prevent OW and 

OB in school-based interventions should include the following: 

- Increased PA: In addition to providing health benefits in the general 

population, PA should be particularly focused on sedentary pupils and 

implemented in children and adolescents by the following: 

- The community 

- Individually targeted programs 

- School-based physical education 

- Interventions to provide social support for PA 

- Interventions to provide places for PA 
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- Increased fruit and vegetable consumption: the intake of these foods is 

associated with the prevention of some determinants of chronic and 

cardiovascular diseases and of certain cancers. 

- Reduced sedentary lifestyle (television-watching, video-gaming): such 

behaviors can reduce the risk of OB in children and adolescents. Extended 

television-viewing periods may induce children to consume more high-

calorie foods and snacks and may reduce their metabolic rates. Elements 

involved in child and adolescent health programs are described in figure 3. 

 

Figure 3. Children and adolescent health programs require different elements for 
participant involvement (WHO, 2012). 
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1.2.4 Effectiveness of school-based interventions 

School-based interventions have been demonstrated to be effective in 

decreasing the prevalence of OW and OB but not in reducing BMI in 

treatment groups compared to the control groups (Gonzalez-Suarez et al., 

2009). However, because BMI is not the most precise assessment, another 

measure of adiposity is needed (Pérez-Farinós et al., 2013; Pigeot et al., 

2004; Silveira et al., 2011). The effectiveness of school-based intervention 

programs may be influenced by the duration of the program, the type of 

intervention, the age of the participants, the participation of parents, the 

school environment, socioeconomic factors, etc. Several studies have 

demonstrated the effectiveness of the programs that were implemented for 

more than 1 year and which at minimum demonstrated more successful 

results than interventions of less than 6-months’ duration (Gonzalez-Suarez 

et al., 2009). 

School-based programs published since 2007 (the initiation time of our 

school-based program) that have included PA, food tasting, and healthy 

lifestyles promotion as intervention criteria in childhood populations and their 

control groups are represented in table 2. 
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 1.2.5 Post-cessation follow-up of school-based interventions 

Post-cessation intervention evaluations are a challenge because it is 

necessary to determine the sustainability and effectiveness of the 

intervention program on the reduction in the prevalence of OB and on 

improving healthy lifestyle habits in a school setting (Muckelbauer et al., 

2009) (Reinaerts et al., 2008). There are few post-cessation intervention 

follow-up studies. 

The CATCH study achieved a reduction in daily energy intake. The three-

year post-cessation follow-up demonstrated that this reduction was 

maintained together with greater self-reported daily vigorous PA, whereas a 

non-significant difference in BMI was noted in the intervention compared to 

the control group (Nader et al., 1999). 

The Cretan Health and Nutrition Education Program intervention at 4-year 

follow-up post-cessation showed higher levels of moderate-to-vigorous PA in 

boys in the intervention group compared to the control group, whereas no 

differences in OB prevalence were detected between the two groups 

(Manios et al., 2006). The benefits may be further maintained over time, but 

few studies provide examples of participant follow-up for longer than 4 years 

(Manios et al., 2006). 

One of the first Spanish post-cessation follow-up studies of school-based 

interventions was the AVall study (Llargués et al., 2012). The AVall 

population was followed for 2 years post-cessation of the intervention in 

schools in Granollers (Spain), and the results showed a significantly greater 

increase in BMI in the control group compared to the intervention group, 

whereas the excess weight (OW plus OB) prevalence increased 8.5% in the 

control group and 1.8% in the intervention group (Llargués et al., 2012). 
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Post-cessation follow-up studies provide an important tool in the analysis of 

the long-term effects of school-based interventions. Additionally, such 

studies are useful for determining the optimal length, intensity, and long-term 

effectiveness of lifestyle interventions (Ho et al., 2012; Ortega Anta et al., 

2013; Simon et al., 2008). 

1.3 OW and OB 

OW and OB are defined as the fat mass that may be unhealthy for people 

and that may contribute to the development of cardiovascular disease risk 

factors (WHO 2012, WHO 2003). 

Childhood OB is associated with a higher chance of OB, premature death 

and disability in adulthood. In addition to increased future risks, obese 

children experience breathing difficulties, an increased risk of fractures, 

hypertension, early markers of cardiovascular disease, insulin resistance 

and psychological effects (WHO, 2013). 

The assessment of OW and OB in children and adolescents is difficult 

because a standard definition does not exist, although international and 

national reference curves and tables may be used. 

1.3.1 Measuring OW and OB 

Because the bodies of children and adolescents undergo a number of 

physiological changes during growth, it is difficult to develop one simple 

index for the measurement of OW and OB in these groups. Depending on 

the individual’s age, different methods are available to determine a healthy 

weight (WHO, 2010). 

The definition of excess weight in children and adolescents based on BMI 

(Rolland-Cachera, 2011) is recommended for use by the International 

Obesity Task Force (IOTF) and WHO criteria to assess the prevalence of 

childhood and adolescence OW, OB and underweight. 
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1.3.1.1 BMI 

BMI is the ratio: weight (in kg) / recumbent length or standing height (in m
2
) 

In adults, weight status is easier to calculate using BMI as described in table 

3. 

 

Table 3. Classification of adult underweight, OW and OB according to BMI  

Status BMI (kg/m
2
) Chronic disease risk 

Underweight <20 
Low (but increase mortality and morbidity from 

other causes) 

Normal weight 20-24.9 Average 

OW 25-29.9 Increased 

OB >30 Moderate-very severe 

Table 3. WHO BMI classification (WHO, 2013)  

Nevertheless, the BMI of children and adolescents is not assessed by the 

same method as adults, and different methods have been proposed: 

a) WHO 

The WHO Multicentre Growth Reference Study was undertaken between 

1997 and 2003 to generate new growth curves for assessing the growth and 

development of infants and young children (WHO, 2006). Approximately 

8500 children were studied, with a focus on ages 0-5 and 5-19 years (or 61-

228 months) and who represented widely different ethnic backgrounds and 

cultural settings (Brazil, Ghana, India, Norway, Oman and the USA) (WHO, 

2006). 
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These growth curves provide an international standard that represents 

the best description of physiological growth for all children from birth to 

18 years of age. These measurements were obtained before 2003 and 

thus were prior to the large increase of excess weight in children (de 

Onis, 2003). 

b) IOTF 

The IOTF collected data from 1963 to 1993, including information from 

approximately 97,876 males and 94,851 females from birth to 25 years of 

age. With its focus on references for children 2 to 18 years of age, the IOTF 

used the BMI information from six countries: United Kingdom, USA, 

Netherlands, Brazil, Singapore and Hong Kong. Centile curves were drawn 

such that age 18 passed through the widely used criteria of 25 and 30 kg/m
2
 

for adult OW and OB. These curves were used to construct country-specific 

centile curves along BMI 25 for OW and 30 for OB, and 16, 17 and 18.5 for 

thinness grades (1, 2 and 3) at age 18. The curves obtained represented an 

average of the countries by age with specific gender curves for each cut-off 

point (Cole et al., 2000; Cole & Lobstein, 2012). 

c) Centers for Disease Control and Prevention (CDC) 

The US 2000 Centers for Disease Control and Prevention (CDC) BMI charts 

were developed between 1963 and 1994 and focused on ages 2 to 20 years. 

The CDC uses percentile curves developed in two stages: empirical 

percentiles with parametric and non-parametric procedures and parameters 

obtained by final curves and z-scores (CDC, 2014). The limitation is that the 

CDC population base is from the US. 

d) National Tables: Orbegozo Foundation 

Growth curves and cut-off points are important in excess weight calculations. 

In Spain, various tables that were published by the Faustino Orbegozo 
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Foundation are frequently used in routine clinical practice to define BMI 

categories. 

d.1) Hernandez et al., 1988: Data were obtained from 3 groups of 600 

children, boys and girls (ages 0.5-9 years) who were followed for 9 years. 

The cut-off points were as follows: 

 - OW = percentile ≥90-91 

 - OB = percentile ≥97-98 

d.2) Sobradillo et al., 2004: Data were obtained from 2 different studies: first, 

a cross-sectional study was performed to assess the precise characteristics 

of the child compared to the general population of his/her age and gender; 

and second, a longitudinal study was conducted to follow-up on the child’s 

growth. The cut-off points were as follows: 

 - OW =percentile 85  

 - OB = percentile 95 

When these data were obtained, both the BMI and the prevalence of excess 

weight were increasing. These data were used by the ALADINO study, a 

recent cross-sectional Spanish study with the aim of determining the 

prevalence of OW and OB in Spanish children aged 6-9 years in 2011-2013 

(Pérez-Farinós et al., 2013). 

d.3) Carrascosa et al., 2008: Data from 4 cross-sectional studies of 32,064 

children, adolescents and adults (ages 0-24 years) were analyzed. The BMI 

values according to Carrascosa were higher than those in other older 

studies because there was an increase in OB prevalence, as demonstrated 

by a normal weight value that was greater (that is, closer to excess weight) 

than the older values. The cut-off points were as follows: 

 - OW = percentile 85 

 - OB = percentile 95 
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The WHO recommends using OW corresponding to BMI values between the 

85
th
 and 95

th
 percentiles and OB corresponding to values greater than the 

95
th
 percentile, with Spanish references citing the same percentiles but 

adapted to their own BMI population tables (Fundación Faustiono Orbegozo, 

2011). 

As described, several criteria have been used in studies that investigated 

childhood and adolescent OW, including OB, although currently no gold-

standard criteria define OW and OB in this population. Furthermore, studies 

suggest that the IOTF criteria have poor sensitivity for OB. Using the IOTF 

criteria, an estimate of the magnitude of the childhood OB epidemic would 

be likely to be far less than when using country-specific analyses (Lang et 

al., 2011; Rolland-Cachera, 2011). However, the IOTF might be used 

because it was based on a larger sample size than other international 

references and it provides more opportunities to obtain prevalence 

comparisons between other studies that use this international reference 

(Cole et al., 2000; Cole & Lobstein, 2012; WHO, 2006). Universal cut‐off 

points for BMI and waist circumference are not appropriate for worldwide 

use as they must take into account the ethnic or population‐specific 

differences in the disease risk for any particular anthropometric measure. 

The use of two international methods, the IOTF and WHO, to define OW and 

OB in children and adolescents generates uncertainty regarding different 

outcomes (Lang et al., 2011; Monasta et al., 2011; Rolland-Cachera, 2011; 

Walton et al., 2014). However, it has been recommended to use international 

references, such as those of the IOTF or the WHO, and one or more 

country-specific standards (Walton et al., 2014). 

1.3.1.2 BMI z-score 

The z-score is the deviation of an individual's value from the median value of 

a reference population, divided by the standard deviation of the reference 

population (or transformed to normal distribution).  In children and 
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adolescents  (5-19 years of age), the WHO defines OW and OB as the 

proportion of adolescents with a BMI value for each age above + 1 z-score 

and above +2 z-scores, respectively, relative to the 2007 WHO growth 

reference median (de Onis et al., 2007). 

The use of the BMI z-score appears to be preferable to the use of absolute 

BMI in describing values of each population (Lavelle et al., 2012). 

1.3.1.3 Waist circumference  

In 2011, the WHO established a guide for adults’ waist circumference, as 

abdominal OB can increase the risk of metabolic complications and disease 

(table 4) (WHO, 2011). 

 

Table 4. Circumference (cm) 

Risk of metabolic complications  Men  Women  

Increased  ≥94  ≥80  

Substantially increased  ≥102  ≥88  

Table 4. WHO classification 

Measures of abdominal OB are better predictors of cardiovascular risk than 

BMI, although combining BMI with waist circumference can improve the 

predictive accuracy in children and adults. Using waist circumference or the 

waist–hip ratio, the absolute risk of diabetes or hypertension (risk factors for 

cardiovascular disease incidence) is higher in some population groups than 

in Caucasian adults. Universal cut‐off points for BMI and waist circumference 

are not appropriate for worldwide use because they must take into account 
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the ethnic or population‐specific differences in disease risks for any 

particular anthropometric measure. 

Moreover, excessive abdominal fat in children and adolescent is defined as 

the following: 

a) Waist-to-height ratio >0.50 cm/cm (a measure that has been related 

to cardiometabolic risk in children and adolescents (Schröder et al., 

2014). 

b) Equal to or greater than the gender- and age-specific 90
th
 percentile 

of waist circumference. 

c) Gender- and age-specific waist circumference cut-off values 

associated with increased trunk fat, as measured by dual-energy X-

ray absorptiometry (Schröder et al., 2014). 

However, a waist-to-height ratio of 0.50 has not yet been established as the 

optimal threshold for all populations and ethnicities; therefore, there is a 

need to establish population-specific waist to height ratio thresholds 

(Schröder et al., 2014). In fact, two studies in different populations have 

reported different waist to height ratio thresholds associated with 

cardiometabolic risk in children (Schröder et al., 2014). 

Abdominal OB is highly prevalent in children and adolescents in Spain 

(Schröder et al., 2014). The need exists to incorporate waist circumference 

into routine clinical practice in addition to traditional measurements of weight 

and height. 

1.3.2 OB and OW prevalence in children and adolescents  

Childhood and adolescence are critical periods for the development of OW 

and OB conditions because approximately one half of OW adolescents and 

over one-third of OW children become obese adults (Franks et al., 2010; 

Wang & Lobstein, 2006). Furthermore, excess body weight (OW plus OB) in 
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children before puberty or during puberty is a risk factor for excess weight in 

adulthood (Lanigan et al., 2010; Pelone et al., 2012; Singh et al., 2008). 

Approximately 20% of children are affected by excess body weight across all 

countries, and in Greece, the United States and Italy, the percentage is 

closer to 30%, whereas in China, Korea and Turkey, less than 10% of 

children carry excess body weight (OECD, 2012). In most countries, boys 

have higher rates of OW and OB than girls (OECD, 2012). 

The OB incidence (new cases per year) in the United States is 11.9% in 

children and adolescents 5-14 years of age, whereas boys have an OB 

prevalence of nearly 25% and nearly 18% in girls (age 11-18 years) 

(Cunningham et al., 2014). Between 1976-1980 and 2009-2010, there was a 

doubling in the prevalence of OB in children 2-5 years of age and a three-

fold increase of OB in children 9-11 years-old and adolescents 12-19 years-

old (Odgen et al., 2014). 

In 2013, the WHO European Commission confirmed that in Spanish children 

6-9 years of age, the OW prevalence was approximately 26.2% and that the 

OB prevalence approximately 18.3% (WHO, 2013), as described in the 

ALADINO study (Pérez-Farinós et al., 2013). 

Considering the different regions of Spain and with a focus on children 2-17 

years of age, it has been noted that Ceuta has the greatest prevalence of 

OB (24.7%), followed by the Canary Islands (13.9%), Murcia (12.6%) and 

Andalucía (11.7%). With regard to the prevalence of OW, the Balearic 

Islands have the highest percentage at 26.5%, followed by the Basque 

Country (25.5%), Galicia (23.8%) and Andalucía (21.3%). Furthermore, 

when the prevalence of OW and OB are considered together, 35.5% of the 

youth population of the Balearic Islands is overweight or obese, followed by 

Galicia at 34.6%, the Canary Islands at 34.5% and Andalucía at 33% 

(Instituto Nacional de Estadística, 2012). However, this increasing tendency 

towards excess weight in childhood and adulthood (Branca et al., 2007) 

observed in some countries (United Kingdom, France, Korea, United States 
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and Spain) is stable despite the absolute rates being a cause for concern 

(OECD, 2012). The OB prevalence in children and adolescents is higher in 

the southern regions of Europe (Ahrens et al., 2011; Brug et al., 2012). 

These studies demonstrate the importance of further research and 

interventions to understand the factors associated with the expansion and 

prevention of OW and OB in the youth population. 

1.3.3 Determinants of OB 

The multiple influences on a child’s growth with regard to adequate nutrition, 

plentiful PA, and training and education for the development of healthy 

behavior patterns can be shaped by policies at the community, national and 

international levels to avoid OB.    

Changes in lifestyle habits may be the principal cause of the increased OB 

prevalence in the general population as well as in children (Capewell & 

O’Flaherty, 2011; WHO, 2003). 

Certain factors that may influence OB are described below. 

1.3.3.1 Sleep time 

Several studies have suggested that sleep time is an important factor in the 

prevalence of OB. Children who sleep <8 hours per day have a higher 

probability of developing OB (Garaulet et al., 2011). 

The National Sleep Foundation recommends that children sleep 9 hours per 

night. Sleeping longer in older childhood (9.4 years of age) and younger 

adolescence (11.4 years of age) has been observed to be associated with 

higher BMIs. Thus, sleep appears to represent an important prevention 

opportunity in that sleep is modifiable (El-Sheikh et al., 2014). In Spain, the 

mean sleep time is 9.2 hours/day for boys and girls aged 5-14 years 

(Instituto Nacional de Estadística, 2012). The youth population that does not 

adhere to this sleep-time average might be at risk for OB. 
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Moreover, less sleep or poor sleep continuity were also associated with an 

increased OB risk, suggesting that a relationship between sleep loss and 

specific unhealthy eating behaviors exists and may be a risk factor for OB 

later in life (Burt et al., 2014). 

1.3.3.2. PA 

Physical inactivity is the fourth leading risk factor for global mortality (6% of 

deaths) for all individuals.  Inactive people should begin with small amounts 

of PA and gradually increase the duration, frequency and intensity over 

time.  In 2013, the WHO Member States agreed to reduce physical inactivity 

by 10% by 2025 in the framework of the "Global Action Plan for the 

Prevention and Control of Noncommunicable Diseases 2013-2020" (WHO, 

2013). 

It is recommended that children and adolescents ages 5-17 should practice 

60 minutes of moderate to vigorous PA daily to avoid the accumulation of 

excess body weight and the development of OB-related chronic diseases 

(Vander Ploeg et al., 2014; WHO, 2014). PA is essential for short- and long-

term positive health outcomes (Zanotti et al., 2012). 

The main aim of PA practiced for 60 minutes daily is achievable by school-

based interventions in children and adolescents when practiced for longer 

than 1 year, producing effective beneficial impacts beyond PA improvement 

(Brown & Summerbell, 2009). 

1.3.3.3 Sedentary habits 

As previously noted, lifestyles have become increasingly sedentary, leading 

to physical inactivity. Console game-playing and television-viewing time has 

dramatically replaced PA and participation in organized sports (Burke et al., 

2006; Garaulet et al., 2011). 

a) Television in the bedroom: The high prevalence of bedroom 

televisions, independent of the time spent watching TV, is an excess 

weight risk factor among children and adolescents (Gilbert-Diamond 
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et al., 2014). This association suggests that the effect of more 

television-viewing time is the reduction in children’s sleep time. 

1.3.3.4 Dietary habits 

Since 2002, the Joint WHO/FAO Expert Consultation on Diet, Nutrition and 

the Prevention of Chronic Diseases has recommended the consumption of 

at least 400 grams of fruits and vegetables per person per day 

(approximately equivalent to five servings). The preferred recommendation is 

to consume approximately 600 grams of fruit and vegetables per person per 

day. 

A high intake of fruit and vegetables is associated with reduced 

cardiovascular disease (Bazzano et al., 2002; Evan et al., 2012; Hung et al., 

2004; Woodside et al., 2013), some cancers (Boeing et al., 2012; Hung et 

al., 2004) and risk of mortality-morbidity (Bazzano et al., 2002; Capewell & 

O’Flaherty, 2011). 

Children who do not consume adequate fruit and vegetable may be at risk 

for inadequate nutrient intake (Fildes et al., 2014; Skinner et al., 2002). 

Furthermore, eating breakfast before going to school is inversely associated 

with childhood OB, and skipping breakfast is associated with higher BMI in 

adolescents and adults, whereas breakfast consumption can prevent OB in 

later years (Antonogergos et al., 2012). 

Although the consumption of a Mediterranean diet has been demonstrated 

to have several health benefits, such as the prevention of chronic diseases 

and a lower BMI in the general population (Chrysohoou et al., 2004; Corella 

& Ordovás, 2014; Estruch et al., 2013; Schwingshackl & Hoffmann, 2014; 

Sofi et al., 2008), the specific effects of a Mediterranean diet on OB are 

unknown. 

According to the consensus statement from the American Heart Association 

titled “Dietary recommendations for children and adolescents: a guide for 
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practitioners”, 8 healthy lifestyle topics were cited to improve and reinforce 

nutritional habits and healthy lifestyles (Gidding et al., 2006): 

1. Healthy lifestyle: Taste (knowledge of previously unknown food items) 

2. Healthy drinks 

3. Vegetables and legumes 

4. Candies and pastry vs. nuts 

5. Healthy habits: Timetable (home meals preferably) and physical activity 

6. Fruits 

7. Dairy products 

8. Fish 

1.3.3.5 Socioeconomic level 

Low socioeconomic levels are associated with excess weight prevalence in 

children and adolescents. In the United Kingdom, children and adolescents 

of low-income families have been associated with excess weight (Walton et 

al., 2014). Findings from other countries, such as the United States, Mexico, 

and Germany, suggest that low socioeconomic and low cultural levels are 

associated with excess weight in children and adolescents. Some studies 

have observed that educated mothers are associated with lower excess 

weight among their children (Mak et al., 2012; O’Dea et al., 2014). 
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1.3.3.6 Breastfeeding 

Breastfeeding is a normal way of providing young infants with the nutrients 

they need for healthy growth and development. All mothers can breastfeed, 

provided they are offered accurate information and the support of their 

family, the health care system and society at large (WHO, 2003). 

The WHO recommends exclusive breastfeeding for six months, with the 

introduction of age-appropriate and safe complementary foods at six 

months, and continued breastfeeding for up to 2 years or beyond (WHO, 

2006; WHO, 2003). 

In 2003, in Geneva, the WHO concluded that there is increased evidence of 

an association of lower blood pressure levels in childhood, a lower risk of 

developing OB, lower risk factors for cardiovascular disease and a lower risk 

for several chronic diseases (e.g., type 1 diabetes, celiac disease, some 

childhood cancers and inflammatory bowel disease) with breastfeeding than 

for feedings with milk formulas (WHO, 2003). 

Several studies have demonstrated associations between breastfeeding and 

protective factors for child and adolescent OB (WHO, 2006). 

1.3.3.7 Ethnicity 

Commonly used cut‐off points for waist circumference and waist–hip ratio 

are based on studies undertaken predominantly in populations of European 

origin (Fernández-Alvira et al., 2013). The importance of considering ethnic 

differences in the amount of body fat associated with waist circumference or 

the waist–hip ratio at different BMI levels was a primary motivation for an 

expert consultation upon which were based the findings of the 2002 WHO 

Expert Consultation on Appropriate BMI for Asian Populations and Its 

Implications for Policy and Intervention Strategies (WHO, 2004). 
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1.3.3.8 Gender 

Gender differences in body composition of fat are evident at the fetal stage 

and become much more pronounced during puberty (Wells, 2007). After 

adjusting for differences in height, men have greater total lean mass and 

bone mineral mass and a lower fat mass than women; these differences 

continue throughout adult life. Women have more total adipose tissue than 

men, and these whole‐body sex differences are complemented by major 

differences in tissue distribution. 

Gender differences in body composition are primarily attributable to the 

action of sex steroid hormones, which drive the dimorphisms during pubertal 

development. In men, a reduction in free testosterone levels is associated 

with an increase in fat mass and a reduction in muscle mass, and both total 

and free testosterone levels are inversely associated with OB (Derby et al., 

2006). 

1.3.3.9 Cardiovascular Risk 

Excess weight and the accumulation of fat tissue in childhood cause an 

increase of disease risk in childhood as well as in adulthood and are 

associated with chronic diseases, some types of cancer, diabetes mellitus 

and cardiovascular diseases (Barton, 2012; Estruch et al., 2013; Franks et 

al., 2010; Wojcicki & Heyman, 2010; Woodside et al., 2013). The 

development of cardiovascular risk is related to behavioral components that 

should be initiated by health promotion programs at an early age, when 

behaviors are first developed. 

1.4 EdAl program 

Considering all of the evidence presented within this framework, we 

designed the EdAl (Education in Alimentation) program, a regular systematic 

educational intervention in primary schools and implemented by university 

students acting as HPAs during 3 academic years with a 2-year post-

cessation follow-up of the intervention program. 
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2. HYPOTHESIS AND OBJECTIVES 

2.1 Hypothesis  

Our hypothesis is that a regular, systematic, educational intervention in 

primary schools improves lifestyle choices and reduces OB. The benefits 

achieved are maintained for several years after intervention cessation. 

 

2.2 Objectives  

2.2.1 Primary objective: 

1. To evaluate the effects of a 28-month EdAl primary-school-based 

program that promotes a healthy lifestyle including dietary and PA 

recommendations on OB prevalence in children 7-8 years of age 

(article 1). 

2.2.2 Secondary objectives: 

2. To design a health promotion program, named Educació en 

Alimentació (EdAl), for implementation by university student HPAs in 

primary schools (article 2). 

3. To implement an EdAl program by HPAs in primary schools (article 

2). 

4. To verify that the benefits achieved, that is, OB prevalence reduction 

and PA practice increase, are sustained at 2 years post-cessation of 

the intervention in adolescents aged 11-13 years who participated in 

the EdAl program (article 3). 
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3. ARTICLES 

3.1 ARTICLE 1 

A primary-school-based study to reduce the prevalence of childhood obesity 

– EdAl (Educació en Alimentació) study: a randomized controlled trial 
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3.2 ARTICLE 2 

A primary-school-based study to reduce the prevalence of childhood obesity 

in Catalunya (Spain) – EdAl-Educació en Alimentació: study protocol for a 

randomized controlled trial. 
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3.3 ARTICLE 3 

Follow-up of a Healthy Lifestyle Education Program (the EdAl Study): Two 

Years Post-cessation of Intervention 
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Clinical Trial Register: ISRCTN29247645Abstract  

Abstract  

Purpose: The EdAl (Educació en Alimentació) program conducted over 28 

months in primary-school children reduced obesity (OB) prevalence in boys 

and increased voluntary physical activity (PA). The continued benefit post-

cessation of EdAl is unknown. We assessed the changes in OB prevalence 

and healthy lifestyle in 11-13 year-old adolescents, the age group that had 

complete inclusion data available 2 years after the EdAl program’s 

conclusion. 

Methods: Adolescents (n=421 intervention; n=198 control) with data at 

baseline and at 2-year follow-up were recruited. Analyses included body 

mass index (BMI), BMI z-score, and lifestyle data (from questionnaires).  
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Results: Between baseline and 2-year follow-up, OB prevalence was 

reduced (-5.5%; p<0.01) and BMI z-score (-0.29; p<0.001) in intervention 

compared to control group. BMI z-score was effectively reduced in 

intervention in both genders: -0.26 units in boys and -0.32 in girls, compared 

to control group. The ≥4 h/week after-school PA was increased significantly 

by 13.1% in adolescents of intervention group, compared to control group 

(p=0.023), a tendency towards increased PA in intervention girls was 

observed (p=0.062).   

At 2-year follow up, participating in ≥4h/week after-school PA (OR: 0.240; 

p=0.002) and daily fruit consumption (OR: 0.447; p=0.025) were protective 

factors against OB, while ≤2h/week after-school PA was a risk factor for OB. 

Conclusions: At 2-year follow-up, the EdAl program induced a lowering of 

BMI z-score and OB prevalence, compared to control group. After-school PA 

practice can be stimulated in primary school as part of a healthy lifestyle, 

and maintained subsequently despite cessation of the intervention program. 

Word Count: 247 

Key Word: adolescents, prospective study, cohort studies, obesity, physical 

activity, follow-up studies  
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OB: Obesity 

OW: Overweight 

PA: Physical Activity 

BMI: Body Mass Index 

mITT: modifying Intention-to-Treat 
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MANUSCRIPT 

Implications and contribution 

At 2-year follow-up, BMI z-score and OB prevalence were lower and the 

percentage of adolescents who practiced ≥4 h/week after-school PA was 

higher in intervention than control group. Benefits from a healthy lifestyle 

(including after-school PA) can be maintained following implementation of 

intervention in primary school.  

[Word count = 46] 

 

Introduction 

Obesity (OB) prevalence in children has increased over the past decade and 

approaches epidemic levels (1). High levels of excess weight, such as 

overweight (OW) and OB, have been observed in southern European 

countries (2), such as Spain (3) where it remains high, at about 40% (4).  

Most of the beneficial effects of intensive long-term interventions do not 

usually persist once the program is completed (5), and evaluating the long-

term effect post-intervention is a challenge (6). Of the studies that have 

tested the effectiveness after cessation of the intervention (7-8), the CATCH 

study achieved a reduction in energy intake. This reduction was maintained 

together with a higher, self-reported, daily vigorous physical activity (PA). A 

non-significant difference in body mass index (BMI) was noted at 3 years of 

follow-up (7). Similarly, in the Cretan Health and Nutrition Education 

Program, higher levels of moderate-to-vigorous PA in boys occurred in 

intervention group at 4 years of follow-up (8), while no differences were 

detected in OB prevalence between intervention and control groups (9).   

Long-term evaluation is necessary to determine the sustainability and 

effectiveness of intervention programs to reduce OB prevalence and to 

improve healthy lifestyle habits in a school setting (10). In our case, after 28 
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months of commencing the EdAl program, there was a significant difference 

of -4.4% in OB prevalence in the intervention group and a favorable 

reduction in BMI z-score (from 0.01 to -0.04), but only in boys. Furthermore, 

a significant 5.1% more boys and girls in the intervention group practiced ≥5 

h/week after-school PA than the control group (11). To verify the 

sustainability of the benefits achieved, the present study sought to assess 

OB prevalence, anthropometric variables, healthy lifestyle habits, and PA in 

adolescents (11-13 years of age) who had participated in the EdAl program 

which was implemented between 2007/2008 and 2009/2010. 

METHODS 

The protocol, rationale, randomization, and techniques of EdAl program (trial 

registration number ISRCTN29247645) as well as the results at the 

conclusion of the program have been published in Trials (11, 12). The 

current study at 2-year follow-up post-cessation of intervention was 

approved by the clinical research ethical committee of the Hospital 

Universitari Sant Joan de Reus, Universitat Rovira i Virgili (Catalan ethical 

committee registry #20; ref: 12-03-29/3proj2).  

The protocol conformed to the Helsinki Declaration and Good Clinical 

Practice guidelines of the International Conference of Harmonization (ICH 

GCP). The data were collected on adolescents who provided written 

informed consent (signed by parents or guardians) prior to the participation 

in the follow-up study. This 2-year follow-up post-cessation of the EdAL 

program is an observation study, and is described according to the STROBE 

Statement (13). 

Study population 

At 2-year follow-up, we analyzed the anthropometric and lifestyle choices of 

the original EdAl participants (now 11-13 year-olds). The present study 

covered 18 education centers in Reus (primary- and high-schools) and 

included 1222 adolescents. The control group was from 20 education 
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centers in the surrounding towns of Salou, Cambrils and Vila-seca (schools 

and high-schools) and included 717 adolescents. With permission of the 

local education and health authorities, the original EdAl participants (born 

between 1st January 1999 and 31st December 2000 and who had 

participated in the original EdAl program in 2007/2008 academic course) 

were contacted to participate in the follow-up program conducted in 2012. 

The inclusion criterion was the availability of a data set that included, at 

least, name, gender, date and place of birth, weight and height in each 

adolescent between 11 to 13 years of age who had participated in EdAl 

program at baseline, whether in the intervention or in the control group. 

Exclusion criteria were EdAl participants that were not aged between 11-13 

years, and who lacked one or other of the inclusion criteria. Each participant 

maintained the same identification number in the 2-year follow-up as in the 

original EdAl program. The current analyses include those children on whom 

complete anthropometric data were available from baseline (2007/2008) and 

at the 2-year follow-up. 

EdAl intervention program and results achieved up to 2010 

The EdAl program consisted of interventional activities of educational value 

(11,12) focusing on 8 lifestyle topics. These topics are based on scientific 

evidence indicating the value of improving nutritional food-item selection 

(and perhaps more importantly, the avoidance of certain other items), 

healthy habits such as teeth-brushing and hand-washing and, overall, 

adoption of activities that encourage physical activity (walking to school, 

playground games), and avoidance of sedentary behavior. These topics 

were covered in 12 activities (1h/activity/session) in 7-8 year old children, 

and implemented by health-promoter agents (HPAs) over 3 school academic 

years. The intervention carried-out in the primary-schools of Reus 

successfully reduced childhood OB prevalence in boys by 4.39%; an 

effective reduction of -0.24 units in BMI z-scores compared to controls. Of 
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note was that there were 5.1% more pupils in the intervention group who 

practiced ≥5 h/week PA after school compared to the controls (11). 

Outcomes 

Weight and height were obtained as described in the protocol (12). Primary 

outcome was OB prevalence as measured as BMI according to the 

International Obesity Task Force (IOTF; 14) and WHO criteria (15). 

Secondary outcomes were adiposity measurement changes in BMI z-score, 

waist circumference and BMI, incidence and remission (i.e. the participant’s 

change from OB status to OW or to normal weight) of excess weight (OW + 

OB). Also recorded were changes in eating habits using the Krece Plus 

questionnaire (16). This included 15 habitual food items such as dairy 

product at breakfast, cereals at breakfast, pastry at breakfast, daily fruit or 

natural juice, second fruit per day, second dairy product per day, daily 

vegetables, >1 vegetables per day, fish eaten regularly, fast food >1 per 

week, legumes >1 per week, candy >1 per day, daily pasta or rice, cooking 

with olive oil (16) and the level of PA (as measured on the AVall 

questionnaire) (17). Both questionnaires were filled-in at baseline 

(2007/2008) and at the 2-year follow-up. BMI z-score was analyzed 

according to the WHO Global InfoBase (18) which defines children with BMI 

z-score >2 as OB (15, 18). 

Statistical Analyses 

Descriptive data are presented as means or percentages and 95% 

confidence intervals (95%CI) or standard deviation (SD) for variables that 

follow normal distributions. General Linear Mixed Models (GLM) was used to 

analyze differences between the intervention and control group values in 

relation to OB prevalence. Repeated measures of GLM were used to 

analyze the trend of BMI z-score between baseline and 2-year follow-up. 

The number of subjects with specific data on TV h/day watched and h/week 

after-school PA were expressed as percentages of the total number of 

individuals being assessed. To evaluate risk- and protective-factors for 
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childhood OB, logistic regression analyses were performed with the 2-year 

follow-up data, with no distinctions made between control group and 

intervention group. The odds ratios (OR) and the 95%CI were calculated for 

after-school PA and TV patterns based on the AVall Questionnaire (17).  

Anthropometric data were analyzed using ANOVA adjusted for age. 

The main analyses were performed with the modified intention-to-treat 

(mITT) population i.e. subjects with at least baseline and 2-year follow-up 

measurements of weight and height. The analysis did not use any imputation 

missing method; the implication being that missing data were random.  

Statistical significance was set at p≤0.05. Data were analyzed using the 

SPSS software (version 20). 

RESULTS 

Participants  

The children who completed the original EdAl study numbered 1222 and 717 

in intervention and control group, respectively. Focusing on follow-up of EdAl 

participants, 674 adolescents in the intervention and 330 adolescents in the 

control group, born between 1st January 1999 and 31st December 2000, 

were identified as potential participants in the current follow-up study. Of 

these, 421 in the intervention group and 198 in the control group were 

analyzed. The retention rates were 421/674 in intervention (62.5%) and 

198/330 (60%) in controls i.e. these had provided consent forms signed by 

the parent for the 2-year post-cessation of the intervention program and had, 

at least, weight and height measurements at baseline and at 2-year follow-

up.  

At the 2-year follow-up, the mean (±SD) age was 12.51 ± 0.52 years in 

intervention and 11.88 ± 0.35 years in control group. 
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Table 1 presents the anthropometric characteristics of the adolescents at 2-

year follow-up. There were no significant differences between the two 

groups.  

At 2-year follow-up, the OW prevalence (using IOTF tables) decreased (from 

20.2% to 18.3%; p=0.020) while OB prevalence remained unchanged in 

intervention group.  

Further, no significant differences were observed in OW and OB prevalence 

between the two groups (Table 2). However, using the WHO criteria (17), 

OB prevalence decreased in boys by 7.2% (p=0.006) and in girls by 3.8% 

(p=0.039) in the intervention group (Table 2) while no statistically significant 

differences were observed in the control group. At 2-year follow-up, the OB 

prevalence compared to baseline was reduced by -10% (p<0.01) in boys 

and was not statistically significantly different in girls of intervention group, 

relative to control group (Table 2).    

Between baseline and 2-year follow-up, the OB remission was significantly 

higher in intervention group; 31 of 50 (62%) participants changed their OB 

status to best category  OW, or normal weight, compared to the control 

group in which only 3 of 14 (21%) adolescents had changed their OB status. 

The difference in remission) in OB status between the two groups was 

statistically significant (p=0.014). Focusing on gender, adolescents with 

greater remission from OB to a better status such as OW or normal weight, 

were boys in intervention group (10/18 =55.6%) compared to boys of control 

group (0/8 = 0%) (p=0.001). In girls, there were no statistically significant 

differences between groups. The incidence of OB (according to WHO 

classification) was higher in girls of control group than in intervention group 

(5/100 = 5% vs. 2/191 = 1%, respectively; p=0.049). 

Between baseline and 2-year follow-up, we observed: a ≥4h/week after-

school PA increase of 29.5% in boys (p<0.001) and 20.7% in girls (p=0.004) 

in the intervention group while there was an increase of 12.9% in boys 

(p=0.049) and 2.8% in girls (p=0.664) in the control group. Thus, at 2-year 
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follow-up, 13.1% more adolescents in the intervention group performed 

≥4h/week after-school PA compared to control group (p=0.023).  

By gender, there were no significant differences in boys or girls between 

groups with respect to ≥4h/week after-school PA, albeit a tendency towards 

increased PA in intervention girls was observed (p=0.062).  

Normal-weight subjects in the intervention group increased their ≥4h/week 

after-school PA; rising to 31.8% in boys (p<0.001) and to 21.1% in girls 

(p=0.020), while no statistically significant differences were found in the 

control group. Furthermore, at 2- year  follow-up, 5% more of ≥4 h/day TV 

was watched by the adolescents of the control group, compared to 

intervention group (p=0.013) (Table 4). 

BMI z-score in intervention group was reduced by -0.25 units whereas 

control group had an increase of 0.04 units (p<0.001) difference of -0.29 

units. By gender, the intervention boys decreased -0.21 while control boys 

increased 0.05 (p=0.004). Also, intervention girls decreased -0.29 and 

control girls increased 0.03 (p<0.001) (Table 3 and Figure 2). Of the 15 food 

items of the Krece Plus questionnaire (16), the only significant change was a 

24% increase in mid-morning snack consumption (usually a mini-sandwich) 

in boys in the intervention group compared to boys in the control group 

(p=0.008). 

Participation in ≥4h/week after-school PA (OR: 0.240; p=0.002) and daily 

fruit consumption (OR: 0.447; p=0.025) were protective factors against OB, 

whereas performing ≤ 2 h/week after school PA was a risk factor for OB.  

 

DISCUSSION 

At 2- year follow-up, the EdAl school-based intervention prospective cohort 

study showed a significant reduction of -0.29 units in BMI z-score and -5.9 % 

of OB prevalence in adolescents in the intervention group, compared with 

control group. The practice of ≥4 h/week after-school PA was increased 
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significantly by 16.8% in adolescents of intervention group, compared to 

control group with a trend that was borderline non-significant in intervention 

girls. These results are similar to that achieved in the original intervention 

EdAl program in which a significantly greater number (5.1%) of boys and 

girls performed ≥5 h/week after-school PA than the control group (11). These 

data suggest that EdAl program has a beneficial effect in promoting PA in 

childhood, and was maintained over 2-year follow-up, even after cessation of 

the intervention.  

In the adolescents of EdAl follow-up study, the prevalence of OB observed in 

adolescents was 10% less than that observed in the ENERGY project that 

described BMI distributions of 10 to 12 year-old participants from different 

European countries, including Spain (19). In the ENERGY project using 

WHO criteria, OW prevalence was higher; up to 37.6% in boys and 30.8% in 

girls. Our EdAl follow-up study observed 10% more OW in boys and in girls. 

OB prevalence was similar in the ENERGY and EdAl studies (18), albeit the 

EdAl adolescents had 2% less OB prevalence.   

The BMI z-score has been proposed as an appropriate measure to verify the 

long-term beneficial effects of an intervention (5, 6), such as the EdAl 

program. As proposed by Waters et al (20), an intervention may be 

considered effective when the magnitude of the change in BMI z-score pre- 

to post-intervention is of the order of -0.15 units, relative to the change in the 

control group. Thus, in the present study, a change of -0.24 units in boys 

and -0.33 units in girls indicated that the EdAl intervention was effective in 

the long-term in both genders. Other long-term measures of intervention 

effectiveness have been proposed, such as OB prevalence. For example, as 

with our present study, the AVall study (21) observed a similar reduction of -

3.6% in OB prevalence in the intervention group of school children. Similarly, 

a meta-analysis by Ho et al (22) showed that the most healthy lifestyle 

interventions produced a significant weight-loss in the intervention group (as 
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measured by BMI and BMI z-score) but the post-treatment effect on BMI at 1 

year from baseline was not maintained.   

Our 2-year follow-up study showed a significant improvement of 24.9% in 

participants who performed ≥4 h/week after-school PA (26.8% at baseline 

change to 51.7% at 2-year post-cessation follow-up) in the intervention 

group. Further, these adolescents have obligatory 2h/week PA as part of 

their curriculum when they reach high school. Hence, these 51.7% of 

adolescents, practice at least 6 h/week PA. These results are in accord with 

the overall PA observed to be effective in prevention programs to reduce 

OW in adolescents (23). Further, in our 2-year follow-up, the increase in the 

numbers of adolescents in the intervention group who performed ≥4 h/week 

after-school PA with normal-weight at baseline, suggest that the intervention 

is effective not only in a primary-school healthy population, but is also 

effective in preventing OB over the longer-term because of PA practice 

being maintained. Also, in the present study, participation in ≥4h/week after-

school PA is a protective factor against OB, while performing ≤ 2 h/week 

after school PA appears to be a risk factor for OB.  

On the other hand, the mid-morning snack consumption (usually a mini-

sandwich) increased significantly to 24% of boys in the intervention group 

compared to control group. Daily fruit consumption was a protective factor 

against OB. The association between different aspects of dietary intake and 

the development of OB in adolescents is controversial (24). Ortega et al 

found that missing breakfast and having lunch at home was a risk factor for 

childhood obesity in a Spanish population (25), but the study did not find any 

association with fruit intake.  

Thus, the EdAl intervention program, which focused on healthy lifestyle 

(such as dietary choices and practice of extra-school PA) in primary-school 

children, continues to be effective as the children grow into adolescence. 

Follow-up of children over several years is beset with difficulties regarding 

appropriate sample size acquisition, mainly because children move between 
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primary- and high-schools. In this 2-year follow-up study, 291 adolescents of 

the intervention and 168 adolescents of the control group were excluded for 

reasons of mobility. From 2010 (end of the original intervention program) to 

2012 (the current follow-up study) the emigration phenomenon observed 

was higher than usual in Spain. Due to economic difficulties in Spain, 

approximately 20,000 children between the ages of 10-14 years moved with 

their parents from Spain to another country in 2011, with particular impact in 

our area (26). This would seem to be reflected in the movement of our study 

children beyond the catchment area of the EdAl program, and could be a 

result of parental preference or geographic convenience i.e. when children 

finish primary-school they move to high-school that can be in a totally 

different locality, or even country. Also, the low retention rate around 61.7% 

can be explained by a high rate of parental decision not to provide consent 

and, as well, the decision of the children themselves not to participate in the 

program. 

Follow-up studies constitute an important tool to analyze the long-term 

effects of school-based interventions. Also, they are useful in determining 

the long-term effectiveness of lifestyle interventions (22,23).  

There are several limitations to our study: 1) we employed a 2-year follow-up 

evaluation focusing only on adolescents of 11-13 years of age because, in 

our data collection, they represented the age group in which we had the 

most sets of complete data (an inclusion criterion). This improved our 

sample size but, adolescents of other ages need to be studied; 2) after-

school PA was evaluated with a questionnaire. Perhaps a more accurate 

method than questionnaires, such as using an accelerometer (27) needs to 

be used to evaluate PA; 3) in the absence of a consensus to define 

childhood OB, several alternative criteria should be included (28). WHO 

criteria (18) have been proposed because they combine more sensitivity and 

specificity than the alternative methods to determine BMI (29,30); 4) socio-

economic status of the parents or guardians of participants was not 
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determined. This is a potential confounder of OB and not having been 

measured constitutes a limitation of our study (31). 

The generalizability of results from this study is that the original EdAl 

program was applied to entire schools (12). It is an easy-to-apply tool for 

implementation in primary-schools so that the amount of PA can be 

increased, as with other beneficial choices within the context of an overall 

healthy lifestyle. This intervention program can be applied equally in other 

cultures, providing specifics of the intervention are adapted to the habits and 

customs of the population in which it is to be applied. 

 

CONCLUSION 

At 2-year follow-up, the EdAl program induced a lowering of BMI z-score and 

OB prevalence, compared to control group. After-school PA practice can be 

stimulated in primary-school as part of a healthy lifestyle, and maintained 

subsequently, despite cessation of the intervention program. 
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Notes to Table 1: 

1
Mean (95%CI) 

2
Weight, height, lean mass, waist circumference and hip circumference; values adjusted by age, 

using ANCOVA analysis 

3
Body mass index (BMI) calculated as weight (kg) ÷ height in m²; values adjusted by age, using 

ANCOVA analysis 

4
Fat and lean mass calculated using a standard beam balance (Tanita TBF-300 Body 

Composition Analyzer) 

5
BMI z-score and fat mass not adjusted by age, but using ANOVA analysis 
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Notes to Table 2 

1
 WHO (World Health Organization) criteria cut-off points (2007) was used for BMI classification 

2
 IOTF (International Obesity Task Force) criteria cut-off points (Cole, 2000) was used for BMI 

classification 

3
 Fisher's exact test 

4
 Differences between intervention and control pre-post intervention 
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Notes to Table 3: 

1
 BMI z-score was calculated as "Growth reference 5-19 years" WHO tables 

2
 Repetead Measures of GLM 

3
 Baseline (2007-2008) 

4 
Mc Nemar’s test 

5
 Fisher’s exact test. Differences between intervention and control pre-post intervention. 
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Notes to Table 4 

1
 Physical activity and TV hours were analyzed at baseline and at 2-year follow-up 

2
 McNemar's test 

3 
Fisher's exact test. Differences between intervention and control pre-post intervention. 

 

 

Figure Legends 

Figure 1: Flow diagram of participants through the study 

Figure 2: BMI z-score changes 
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4. RESULTS AND DISCUSSION 

Our hypothesis that a regular, systematic, educational intervention focused 

on lifestyle improvement reduces the prevalence of OB in boys and 

increases after-school PA practice in children and that the benefits achieved 

are sustained at 2 years follow-up post-cessation of the EdAl program 

intervention is verified. 

Our study sample is representative of current Spanish society with respect to 

economic, social and ethnic distributions. 

In 2010, at 28 months of intervention, the EdAl program showed a reduction 

in OB prevalence of 4.39% in boys. The OB prevalence among girls also 

decreased; however, the difference compared to the control group was not 

significant. A significantly greater reduction was observed in the BMI z-

scores of boys in the intervention group compared to the control group. 

Waters and colleagues (Waters et al., 2011) stated that an intervention might 

be effective when the magnitude of the change in the BMI z-score pre- to 

post-intervention is approximately -0.15 units relative to the change in the 

control group. In our study, we observed a change of −0.20 units in total and 

−0.24 units in boys participating in the EdAl intervention program, thus 

revealing that the intervention was effective. However, BMI and waist 

circumference measurements were not significantly different between the 

groups at 28 months. We also observed that the intervention group had 

fewer new cases of excess weight as OB plus OW than the control group. 

This result highlights the efficacy of our program in preventing (or reducing) 

childhood OB. 

With regard to the incidence and remission of OB, the incidence of excess 

weight was significantly higher in the control group (51/414; 12.3%) than in 

the intervention group (57/709; 8%), particularly in control boys (35/207; 

16.9%) compared to boys in the intervention group (33/352; 9.4%). The girls, 

conversely, did not present significant differences in excess weight incidence 
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between the groups. The remission of excess weight was not significantly 

different between the groups. 

Some studies, such as the AVall study (Llargues et al., 2011), have shown 

that BMI was not reduced despite changes in lifestyle, although the 

intervention group demonstrated a lower increase in BMI than the control 

group. Nevertheless, in the AVall study, the prevalence of OW and OB 

increased less in the intervention group than in the control group (Llargues 

et al., 2011). 

In our study, the percentage of OB in girls remained relatively unchanged 

during the study. Physiological differences between boys and girls at 

approximately 10-11 years of age might explain these findings. Differences 

in the age-of-onset of puberty between girls and boys might explain some of 

the variation in BMI response observed in the EdAl program. The Planet 

Health program (Gortmaker et al., 1999) observed OB prevalence changes 

in girls but not in boys. 

Furthermore, Planet Health (Gortmaker et al., 1999) presented differences in 

girls in terms of remission, while the EdAl program does not. Thus, while the 

EdAl program prevented OB among boys in the intervention group, Planet 

Health reduced the OB prevalence in girls, with both interventions inducing 

positive benefits in the intervention groups of children, albeit with gender 

differences. 

These differences in the outcomes indicate that because mediators of 

anthropometric changes are different between males and females, future 

interventions need to be specifically tailored to gender (He et al., 2010). 

At the 2-year follow-up post-cessation of the intervention in the EdAl 

participants in 2012, we observed a significant reduction of -0.29 units in 

BMI z-score in the intervention group compared to the control group, as well 

as a significant reduction by -5.5% in OB prevalence among adolescents of 

the intervention group (-0.24 units in boys and -0.33 units in girls by BMI z-
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score compared to the control groups). This result indicated that the EdAl 

intervention was effective long term in both genders, according to a 

magnitude of change in the BMI z-score of at least -0.15 units relative to the 

change in the control group (Waters et al., 2011). 

As in the EdAl program, the AVall intervention 2 years post-cessation 

(Llargués et al., 2012) demonstrated a reduction of -3.6% in OB prevalence 

in the intervention group of school children. These data correspond to a 

meta-analysis by Ho et al (Ho et al., 2012) that showed that the most healthy 

lifestyle interventions produced a significant weight loss in the intervention 

group as measured by BMI and BMI z-scores but that the post-treatment 

effect on BMI from baseline was not maintained at 1 year.   

In the EdAl program, the prevalence of OB at baseline, corresponding to the 

academic year 2007-2008, was 9.0% in the intervention group and 7.5% in 

the control group. The EnKid Study by Serra Majem and colleagues (Serra 

et al., 2003) in northeast Spain (conducted between 1998 and 2000) 

indicated an OB prevalence of 9.8% in children of the same age as the 

participants in the present study (7-9 years). In Spain, using the same OB 

definition criteria (Cole et al., 2000) as the EdAl program, measurements 

made in 2012 by Sánchez-Cruz et al (Sánchez-Cruz et al., 2013) showed an 

OB prevalence of 9.6% in children between 8 and 13 years of age. 

Thus, in 2012, the OB prevalence in the Sánchez-Cruz study was similar to 

the baseline values (2006 and 2007) obtained in the EdAl program, 

indicating a stabilization of childhood OB prevalence in Spain (OECD, 2012). 

At the 2-year follow-up of the EdAl program in 2012, the prevalence of 

excess weight and OB were 21.6% and 3.3%, respectively. These results 

were quite similar to those observed in the ENERGY project, which 

described BMI distributions of 10- to 12-year-old participants from different 

European countries, including Spain (Brug et al., 2012). 
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At the 2-year follow up, participation in ≥4 h/week of after-school PA (OR: 

0.240) and the daily consumption of fruit (OR: 0.447) were found to be 

protective factors against OB, whereas ≤2 h/week of after-school PA was a 

risk factor for OB. 

The observed efficacy of our intervention with respect to BMI-related 

outcomes may be due to our approach, which focused on the nutritional 

quality of food intake and the increase in the PA of the pupils. 

In 2010, at 28 months of the EdAl program, the performance of ≥5 

hours/week PA increased significantly to 19.7% in the intervention group of 

boys as well as girls. Also significantly different was the increase of 5.1% 

more children performing ≥5 hours/week PA compared to the control group. 

The ENERGY project found significant associations between television-

viewing time and computer use with BMI and waist circumference, whereas 

participation in sports was associated with low BMI and low waist 

circumference (Fernández-Alvira et al., 2013). 

In 2012, at the 2-year follow-up post-cessation of the EdAl program, a 

significant improvement of 24.9% was observed among participants who 

performed ≥4 h/week of after-school PA in the intervention group (26.8% at 

baseline to 51.7%), with 13.1% more adolescents demonstrating 

improvement compared to the control group. 

Furthermore, at the 2-year follow-up post-cessation of the EdAl program, the 

increase in the number of adolescents in the intervention group who 

performed ≥4 h/week of after-school PA who were normal-weight at baseline 

suggests that the intervention is effective not only in a primary-school 

healthy population but also in preventing OB over the longer term with the 

maintenance of PA. The tendency towards a reduction in BMI z-scores when 

children performed ≥4 hours/week PA in the EdAl program needs to be 

confirmed in other long-term studies. 
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According to the WHO, children and adolescents should practice 60 

minutes/day of moderate to vigorous PA because it provides additional 

health benefits by reducing excess-weight prevalence, cardiovascular and 

chronic diseases and some types of cancer (AAPA, 2014; Vander Ploeg et 

al., 2014; WHO, 2014). 

At the 2-year follow-up post-cessation of the EdAl program in 2012, half of 

our EdAl participants (51.7%) spent ≥4 hours/week involved in after-school 

PA. Additionally, they had obligatory 2 h/week PA practice as part of their 

high school curriculum, yielding a total of ≥6 h/week PA. In our geographical 

area, after-school PA is devoted to football, basketball, athletics, etc., which 

are considered moderate or vigorous in intensity. Thus, 51% of adolescents 

and 13.1% more adolescents in the intervention group performed ≥4 h/week 

of after-school PA compared to the control group, which nearly fulfills the 

WHO recommendation of 60 minutes/day of PA considered as moderate to 

vigorous in intensity. These results agree with the overall PA observed to be 

effective in prevention programs to reduce OB in adolescents (Simon et al., 

2008). 

We used the IOTF (Cole et al., 2000) criteria for optimal international 

comparisons of the data. However, when we designed the study protocol, 3 

evaluation methods were proposed based on Hernandez et al, the EnKid 

study and IOFT (Cole et al., 2000; Serra et al., 2003; Fundación Faustiono 

Orbegozo, 2011) because each one had advantages and disadvantages. 

The values of Hernández in 1988 (Hernández et al., 1988) corresponded to 

data obtained before the increase of OW and OB prevalence in Spain, which 

should not be used for international comparisons that do not meet these 

criteria. The Spanish values in the EnKid study (Serra et al., 2003) (1998-

2000) are 10 years more recent than those of Hernández. BMI values in the 

former are higher than those of Hernández because the worldwide increase 

in BMI and OB prevalence occurred during this period. 
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However, the selection of one of the various international methods to 

determine OB prevalence is controversial. Studies suggest that the IOTF 

criteria have poor sensitivity for OB because it was designed in 2000, when 

the OB problem was increasing around the world. It included a larger 

population sample than other international references, thereby providing 

more opportunities for OB prevalence comparisons with other studies that 

use this international reference (Cole et al., 2000; Cole & Lobstein, 2012; 

WHO 2006).   

The use of BMI z-scores, another measure of weight status, appears 

preferable to the use of absolute BMI (Lavelle et al., 2012) because the 

former provides more sensitivity and specificity than BMI (Martinez-Costa et 

al., 2013; Reilly, 2010). 

In 2010, at 28 months of the EdAl program with its focus on dietary habits, 

the percentage of pupils in the intervention group who consumed pastry 

before going to school significantly decreased from 3.9% to 2.4%. Moreover, 

the consumption of pastries at the mid-morning break significantly 

decreased from 3.8% to 1.7%. In the control group, the percentage of pupils 

consuming pastries during the mid-morning break also decreased (4.1% to 

2.2%), while the consumption of fruit or natural juices increased (12.2% to 

15.5%). There were no significant differences between the groups with 

respect to other nutritional habits. Of considerable note is that breakfast 

consumption increased in the intervention group (68.3% to 72.9%). 

Consuming more than three meals per day is associated with lower rates of 

OW or OB, especially if breakfast is not skipped (Antonogeorgos et al., 

2012). Furthermore, Ortega et al (Ortega Anta et al., 2013) found that 

skipping breakfast was a risk factor for childhood OB in a Spanish 

population. 

At the 2-year follow-up post-cessation of the EdAl program in 2012, the 

dietary habits of our intervention group demonstrated a significantly greater 

number of girls (15%) consuming more fruit and vegetables than was 
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observed in the control group. This healthy habit is associated with a 

reduction of cardiovascular disease determinants (Bazzano et al., 2002; 

Evans et al., 2012; Hung et al., 2004; Woodside et al., 2013), certain 

cancers (Boeing et al., 2012; Hung et al., 2004) and mortality-morbidity risk 

(Bazzano et al., 2002; Capewell & O’Flaherty, 2011). 

Several school-based programs show successful improvements in nutritional 

habits at the end of the intervention (Eilat-Adar et al., 2011; Reinaerts et al., 

2008; Taylor et al., 2013; Zenzen & Kridli, 2009). The majority of these 

school-based programs modify the curriculum of children and actively 

involve the teachers. Had the activities of our intervention been included in 

our children’s curriculum, they would have had to replace another academic 

task. The EdAl program’s interventional activities are extra-curricular tasks, 

and because teachers already have many tasks to perform and are occupied 

with new educational challenges, we thus proposed HPAs for the 

implementation of these interventional activities. Planet Health (Gortmaker et 

al., 1999) lasted 2 years, during which educational sessions were 

incorporated into the curricula by primary school teachers and in which OB 

prevalence changes were observed in participant girls. 

Some educational aspects of the EdAl program were developed in 

educational sessions that were implemented in the classroom but were not 

part of the curriculum. The intervention program was based on eight lifestyle 

topics that were established according to scientific evidence (Gidding et al., 

2006). The program incorporated 12 activities that were disseminated over 

12 sessions (1 h/activity/session). These sessions were prepared, 

standardized and implemented as four activities per school academic year 

by university students acting as HPAs in the school classrooms (figure 4). 

The 4 activities or sessions were implemented every 2 weeks over a 2-

month period, each academic year. All 12 activities or sessions were 

conducted over a period of 28 months (3 academic school years). 
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Each session was composed of experimental development activities related 

to healthy lifestyle habits using a food-item selection (free food items were 

provided by local producers) for the children to experience the organoleptic 

quality of the items, which may or may have not been new to them (figure 4). 

Evidence from longitudinal studies suggests that food preferences are 

established in childhood and adolescence and persist into adulthood; 

therefore, interventions to increase fruit and vegetable consumption should 

be developed in children (Skinner et al., 2002; Lytle et al., 2000; Mikkilä et 

al., 2004). For this reason, the EdAl children tasted different types of food. At 

the 2-year follow-up post-cessation of the EdAl program, the nutritional 

habits achieved were maintained in the adolescent participants of the 

intervention group. 
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Another aspect of the intervention program was to involve parents in 

activities with their children. This parental intervention involved the same 

educational nutritional activities that were directed towards the children by 

the HPAs. The intention was to have parents and their children interact in 

making healthy nutrition and lifestyle choices. Parents experienced the same 

experimental activities and tasted the specific foods identical to the children’s 

sessions. Young children’s dietary intake is also influenced by parents and 

by factors such as parental fruit and vegetable consumption. Parental 

modeling and the involvement of children in food selection contribute to 

more than half of the variance in children’s fruit and vegetable consumption 

(Taylor et al., 2013). Nutritional education for parents is necessary to change 

children’s nutritional habits (Skinner et al., 2002), supporting the importance 

of parental roles on child nutritional habits, as was conducted in the EdAl 

program. 

The age of the HPAs (approximately 20 years) was closer to that of the child 

participants and the scholars than to that of the professors. Moreover, 

children were more susceptible to the health message implemented by the 

HPAs because it was delivered by a person external to their closed 

environment, i.e., that of parents and teachers. 

The HPA university education is designed and implemented through 2 

courses in health promotion and health education within the academic 

degrees of Medicine, Physiotherapy, and Human Nutrition and Dietetics. We 

aim to train students as HPAs to implement education and the promotion of 

health in different sectors of the community, beginning with the primary 

schools in the EdAl program.   

Course #1 is concerned with methodology for the promotion of health in 

schools and theory focusing on eight topics to improve food item selection, 

PA and healthy habits (14 h of lectures, 5 h of teamwork, 22 h of tutorials, 4 

h of oral evaluation; total of 45 h over 15 weeks). Course #2 involves the 

interdisciplinary implementation of health education in schools and is 
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focused on strategies of design, implementation, evaluation and activity 

definitions for each topic (4 h of lectures; 12 h of teamwork, lesson plan 

design and teaching materials, 2 h of oral evaluation of HPA performance 

with schoolteachers as the jury, 12 h of training involving 4 standardized final 

activities, 15 h of activities implemented in schools; total of 45 h over 15 

weeks). 

In summary, we trained and standardized educational intervention activities 

in schools to promote a healthy lifestyle. The interventional activities 

implemented over 3 university academic years resulted in a reduction of OB 

prevalence in children (albeit only in boys) participating in the EdAl program. 

Of considerable benefit is that the HPA university program can be used to 

train, design, and promote healthy lifestyle activities effectively in different 

environments or sites within the community (including primary schools, high 

schools, community centers or homes for the elderly). 

A school-based program with characteristics similar to the EdAl program 

must involve people of the target population environment. In total, the EdAl 

program involved 60 university students who became HPAs, 6 university 

professors, 5 school teachers that assessed the intervention sessions, the 

community as local producers, 1550 children 7-8 years of age who received 

the intervention (1222 children were assessed) and 717 children 7-8 years of 

age in the control group. At the 2-year follow-up post-cessation of the EdAl 

program, focusing only on adolescents 11-13 years of age who participated 

in the program previously, there were 421 youths in the intervention group 

and 198 in the control group. Figure 5 shows the follow-up for all of the EdAl 

program years. 
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Limitations in the follow-up of children over several years created difficulties 

regarding the appropriate sample size acquisition, which resulted mainly 

from children moving between primary and high schools and movement with 

their parents to other parts of town or even other parts of the country. Follow-

up studies constitute an important tool to analyze the long-term effects of 

school-based interventions. Additionally, they are useful for determining the 

optimal length, intensity, and long-term effectiveness of lifestyle interventions 

(Gonzalez-Suarez et al., 2009; Ho et al., 2012; Simon et al., 2008). 

There are several possible limitations to our study. In the school setting of 

various cities, there are possible sources of “contamination” of the control 

group. For example, if a school in the control group acquired information that 

was given to the intervention group as a result of chatting among parents 

and school friends, this might have motivated control students and families 

to adopt the intervention recommendations and thus not behave as true 

controls. 

We used a 2-year follow-up post-cessation EdAl program evaluation that 

was focused only on adolescents 11-13 years of age because in our data 

collection, they represented the age group with more inclusion data sets. 

This inclusion improved our sample size, although adolescents of other ages 

clearly need to be studied. 

Furthermore, after-school PA was evaluated by a questionnaire. However, a 

more accurate method than using questionnaires, such as using an 

accelerometer (Hallal et al., 2013), may also be used to evaluate PA. 

In the absence of a consensus to define childhood OB, several alternative 

criteria should be included (Rolland-Cachera, 2011). We proposed the use of 

the BMI z-score criteria (WHO, 2006) because these criteria provide more 

sensitivity and specificity than the alternative methods to determine BMI 

(Martinez-Costa et al., 2013; Reilly, 2010). 
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The generalizability of our results is that the EdAl program is focused on a 

healthy lifestyle intervention and can be applied by university students 

trained as HPAs in primary schools. It is an easy-to-apply tool for 

implementation in primary schools to increase the practice of after-school 

PA, improve nutritional habits and reduce OB prevalence within the context 

of an overall healthy lifestyle. 
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5. GLOBAL CONCLUSIONS 

1. The design of the EdAl program provided 12 activities implemented by 

HPAs that are designed to be entertaining yet informative and that are 

focused on healthy lifestyle concepts that can be achieved by improving diet 

and PA practice. 

2. Medical, Physiotherapy and Human Nutrition and Dietetics students 

trained as HPAs enrolled the EdAl program. 

3. The HPA university program can be used to train, design, standardize and 

promote healthy lifestyle activities effectively in different community 

environments. 

4. At 28 months of the EdAl program, the prevalence of OB was reduced by -

4.39% in boys but not in girls compared with the control groups, and the BMI 

z-scores were reduced by −0.20 units in total and by −0.24 units in boys 

participating in the EdAl intervention, confirming its effectiveness, as the 

magnitude of these changes is greater than -0.15 units related to the 

changes in the control group. 

5. At 2-years post-cessation, the OB prevalence decreased by -5.5% in 

adolescents in the intervention group. 

6. At 2-years post-cessation, the BMI z-scores were significantly reduced by 

-0.29 units in the adolescents who were included in the intervention group of 

the EdAl program compared to those of the control group. 

7. At 28 months of the EdAl program, the percentage of intervention 

participants performing ≥5 hours/week of after-school PA had significantly 

increased to 19.7%, or 5.1% more children compared to the control group. 

8. At 2-years post-cessation of the EdAl program, 13.1% more adolescents 

in the intervention group performed ≥4 h/week of after-school PA compared 

to the control group. 
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9. The EdAl program stimulates the practice of after-school PA in adolescent 

participants, with 51% of intervention participants nearly achieving the WHO 

recommendations of 60 minutes/day of PA that is considered moderate to 

vigorous. 

10. At 2-years of follow up, the participation in ≥4 h/week of after-school PA 

and the daily consumption of fruit were protective factors against OB, 

whereas ≤2 h/week of after-school PA was a risk factor for OB. 

Global conclusion 

A regular, systematic, educational intervention that promotes a healthy 

lifestyle and that includes dietary and PA recommendations is an easy tool 

that can be implemented by HPAs as part of their university curriculum to 

reduce the prevalence of OB and to increase the practice of after-school PA 

in children with these achieved benefits sustained at 2-years post-cessation 

of the intervention. 

Perspectives 

Long-term follow-up of the EdAl participants is needed to confirm the 

effectiveness of the EdAl school-based intervention program. 

Furthermore, the EdAl program must be reproduced to compare it with other 

populations and to confirm its effectiveness and feasibility. 
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