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1. Summary  
Introduction: Efficacy trials of Physical activity (PA) intervention programs during 
childhood have repeatedly shown favourable effect on obesity (OB) prevention. On the 
other hand, in order to change population health these programmes need to be up-scaled; 
yet many challenges feature translating interventions to real-world settings and delivering 
programmes to large population groups.  

Methods: The present study examines the effects of a real-world, population-based, long-
lasting PA intervention on OB prevalence in children aged 6-14 in Slovenia, called “Healthy 
Lifestyle”. It was derived from previous successful small-scale PA interventions in single 
Slovenian schools that provided above-standard programme of one physical education (PE) 
lesson per day, delivered by PE specialist teachers also in lower classes of primary school. 
Healthy Lifestyle was a nation-wide intervention, introduced in Slovenia in the period 2011-
2018. The intervention provided two (grades 1 to 6) to three (grades 7 to 9) additional lessons 
of PE per week, and one PE lesson per day to children aged 6 to 14. Although the focus of 
Healthy Lifestyle programme was the improvement of physical fitness and encouragement 
of healthy lifestyle, we examined its effects on OB prevalence. We included 30 000 
participants in Healthy Lifestyle and a similar number of non-participants with measured 
Body mass index, and employed Logistic Generalised Estimating Equations to estimate the 
effects of different durations of the programme on OB prevalence (from one up to 5 
consecutive years of participation).  

Results: The analysis showed that the control group had significantly higher odds of OB 
than intervention group in all five temporal scenarios. In the first monitored group of 
children (participating or not participating for one year), the odds of OB were 10% higher 
in controls compared to the intervention group, then doubled in the next three groups (2,3 
and 4 years of participation), and more than tripled among children who participated or did 
not participate for 5 consecutive years. Next, in the school-level analysis, we found that 
when comparing to the year before joining the intervention, Slovenian schools that were 
running PA intervention showed a decrease in the prevalence of OB, but only if they joined 
before 2016. Also, schools that joined the intervention in the first five years (2011-2015) 
achieved lower OB rates than other non-participating schools despite higher OB prevalence 
at baseline, but the decline of OB prevalence was stopped or even reversed after 2016 (when 
the programme was disrupted by the lack of funds).  

Conclusion: We found that a large-scale, population-based PA intervention delivered in 
real-world conditions targeting children and adolescents aged 6 to 14 years was effective in 
reducing the odds of OB. Conversely, we observed to what extent temporary disruptions in 
long-lasting interventions might attenuate their long-term effectiveness, as a reduction in 
effectiveness was evident in the year the programme was hindered by the lack of funding, 
but also after this point. This might be particularly relevant given the current public health 
crisis and related barriers to PA for children which translate to dramatically reduced 
physical activity levels and impaired physical fitness. 

 



 
2. Background 
Childhood obesity (OB) is among leading public health problems worldwide with 
consequences even among younger age groups.1 Strikingly, the prevalence of overweight 
(OW) and OB in children has increased far and wide, and notably also in economically 
advanced countries.2 Over the last 40 years, childhood OB increased worldwide, with more 
rigorous, eightfold rise in 5-19-year old individuals compared to children under the age of 
five.3 Moreover, this global prevalence developed at a startling rate from 0.7% to 5.6% in 
boys and 0.9% to 7.8% in girls between 1975 and 2016.4 

The present global OB pandemic makes groundwork for numerous non-communicable 
diseases (NCDs),5 which are no longer exclusively related to adults but are becoming more 
frequent among younger populations as well. Growing sedentary behaviour of children 
which includes increased screen time with an excess caloric intake, causes energy imbalance 
and contributes to the accumulation of adipose tissue.6 Additionally, current individual’s 
adipose condition increases propensity towards behaviours which contribute to a fat-mass 
accumulation in the future.7  

The number of children living with OB globally is rising, reaching 124 million in 20168. Also,  
the projections for future incidence of OB‐related morbidity and mortality are very high as 
well as are the anticipated costs for health care and economic losses.8 It is, therefore, of great 
importance to implement convenient and controlled approaches on global scale and surveil 
their effectiveness in order to slow down and reverse this epidemic. It has been established 
that OB pandemic is a consequence of changed dietary habits and reduced physical activity 
(PA),9 often on behalf of increased sedentary time,10 while strong evidence support 
favourable upshot of OB prevention programs that include PA on BMI, especially in 
children aged 6 to 12.11  

Schools can serve as one of the most appropriate settings to implement interventions aimed 
at preventing and controlling OB. Children and adolescents go to school on daily basis, 
which means that school-based interventions have a possibility of reaching large number of 
children simultaneously, including hard-to-reach groups, such as ethnic minorities or 
migrants. Schools also provide a convenient setting for synergistic implementation of 
physical and health education accompanied by a noticeable influence from teachers, peers, 
and parents.12 Compellingly, interventions are more effective in childhood then later in life 
due to higher sensitivity of children to external influences.13 

Numerous systematic reviews have shown that school interventions involving physical 
activity had the largest effect on body mass.14-16 This is why school-based programs which 
include physical activity as a health component positively affecting well-being, can serve as 
an important tool in childhood OB management. Interventions that increase physical 
activity can simultaneously improve children’s functioning also in other domains. Beside 
the increase in energy expenditure and reduction of energy imbalance,17 it has positive 
effects on cardiovascular, metabolic and bone health,18 as well as on cognitive development, 
psychological wellbeing and academic performance.19  

Longer-lasting interventions usually result in better and larger effects in comparison to 
shorter ones, and World Health Organization (WHO) suggests programs to last at least one 



year involving many forms of movement, an optimal caloric intake and parental 
involvement.20 Moreover interventions that are fitness-oriented are showing greater 
potential improving body composition compared to other types of PA interventions.21 An 
hour of daily PA, accompanied by reduced high-fat, high-sugar, high-salt foods, and 
healthy caloric intake can effectively prevent a further unnecessary accumulation of fatty 
tissue.22 

Although beneficial effects of PA intervention programs during childhood are well 
documented, most of the evidence comes from small to medium scale studies in well-
controlled settings, without implementing a large scale, population-based approach. 
However, the researchers are opting for PA interventions to scale-up23 and in this sense 
encompass wider masses of children in different strata of society.24-29 The deficit of the 
institutionalisation of school-based physical activity interventions in real social settings 
can—as a consequence—impede the fight against childhood OB epidemic.30,31 

Nevertheless, even if a PA intervention is put in place and scaled-up it can be susceptible to 
poor performance accuracy depending on the adequate competencies of stuff that ensure a 
higher quality of implementation,32 and it can be affected also by external factors such as 
discontinuous funding or poor political decisions.33,34 

In the last decade the research community started emphasising the need for larger and 
smarter approaches to get people moving but also the need for more systematic 
documentation and investigation of already scaled-up PA interventions.23 In this regard, the 
present study is an attempt to examine the effects of a population-based, long-lasting PA 
intervention Healthy Lifestyle on OB prevalence in children aged 6-14 in Slovenia, which was 
derived from previous successful small-scale PA interventions in individual Slovenian 
schools that provided above-standard programme of one physical education  (PE) lesson 
per day, delivered by PE specialist teachers also in lower classes of primary school. 

 

3. Methods  
3.1 Intervention 
Healthy Lifestyle was a nation-wide intervention, introduced in Slovenia in the period 2011-
2018. The intervention provided two (grades 1 to 6) to three (grades 7 to 9) additional lessons 
of PE per week—thus providing one PE lesson per day—to children aged 6 to 14. In grades 
1 to 5, in which predominantly classroom teachers are delivering PE lessons, the PE 
specialist teachers were delivering additional PE lessons, thus improving quality along 
quantity of PE. 

The intervention was financed by the European Social Fund with the aim to increase the 
first employment opportunities of recently graduated physical educated teachers. Schools 
were granted funds for half-time employment per teacher but had to provide sports facilities 
and equipment. The additional lessons were organised immediately after school. Schools 
were allowed to include children of two consecutive grades in one class (e.g. children from 
grade 1 and grade 2) and they had to adhere to legislative demands regarding the maximum 
number of children per class, which meant between 16 and 30 children per class. The 
intervention was available to all children and was organised in the form of elective course. 
The involvement in Healthy Lifestyle was therefore voluntary and accessible to all but it 



especially encouraged the inclusion of children who were not yet exercising in the local 
sports clubs or who had been experiencing difficulties in somatic and motor development.  

The focus of Healthy Lifestyle programme was the improvement of physical fitness and 
encouragement of active lifestyle. The programme required from teachers to provide at least 
twelve different sports per triennia but they had to prioritise the three most established 
sports in the local environment. It also included the presentation of urban sports, currently 
not specifically covered in the physical education curricula at the time, and they had to 
provide also basic information on healthy dietary and lifestyle habits. Classes, that 
specifically included children with difficulties in somatic and motor development had to be 
organised as separate classes in which the maximum number of children was limited to ten 
in order to provide more individualised approach. Childhood OB was not a specific target 
of the intervention, but increased PA due to two or three additional PE lessons helped 
maintaining optimal weight and to improving the energy imbalance in the participating 
children with OB. 

The funding of the intervention was administered by the Ministry of Education, Science and 
Sport of the Republic of Slovenia through European Social Fund. The national coordinator 
of the intervention programme was the Slovenian Sports Agency Planica which has been 
publishing annual public calls for inclusion of new schools in the programme and was 
responsible for administration and surveillance of its organisational functioning. This meant 
that new schools were joining the programme yearly: the first round comprised 78 schools 
in school year 2010/11, included additional 32 in 2011/12, 19 in 2012/13, 17 in 2013/14, 16 
in 2014/15, 33 in 2015/16, 8 in 2016/17 and 13 in 2017/18. In the final year of 
implementation, the total number of involved schools was 216. The intervention was facing 
a serious challenge in the school year 2015/16 when the financing was suspended for several 
months due to administrative reasons that were not resolved timely by the Ministry of 
Education, Science and Sport. In this period the schools had to provide funds for teacher’s 
salaries and this resulted in considerable reduction of delivered lessons in comparison to 
previous year (Table 1). Finally, the intervention was temporarily terminated in 2018 due to 
inability of the Ministry of Education, Science and Sport to assure regular funding from the 
national budget.  

 

Table 1. Quantitative description of the Healthy Lifestyle intervention 

School year 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 2017/18 
Newly included 
schools (N) 78 32 19 17 16 33 8 13 
Included 
children (N) 18,993 24,202 26,000 27,600 30,261 29,549 35,640 32,245 

Lessons (N) 33,190 60,505 68,306 70,866 72,054 53,527 69,613 51,893 
Annual costs 
(EUR) 

1,156,32
2 

1,754,08
7 

2,007,29
1 

2,026,94
0 

2,070,68
1 

1,752,96
4 

2,618,38
4 

2,341,55
7 

Annual costs 
per child (EUR) 60.88 72.48 77.20 73.44 68.43 59.32 73.47 72.62 

 

 



3.2 Study design and sample 
In Slovenia there are 451 primary schools, 216 of which have been involved in the 
intervention for at least one school year (Figure 1). The participating schools did not differ 
from non-participating schools in proportions of regional distribution, size, or 
urbanisation level, but the participating schools did show higher levels of baseline OB, 
which could have contributed to their decision to implement the intervention. Between 
18,000 and 35,000 children have been included in the intervention in a single year and the 
number of their anthropometric measurements in the period between 2011 and 2018 was 
221,646. 

Figure 1. Study design and flowchart of the study sample 
 

Due to the complexity of the intervention with schools entering in different years and 
children entering, exiting and re-entering the intervention in different grades, there were 
numerous scenarios of individual participation. In terms of analysis we had to choose an 
approach that would give the most straightforward insight into possible effects of the 
intervention on the prevalence of OB. In order to observe possible changes in OB prevalence, 
the information on OB prevalence prior to the intervention is essential. In terms of analysis, 
this was translated to considering only children who were enrolled in a participating school 
already a year before school’s first inclusion in the intervention. The quasi-experimental 
design of the study limited the possibilities for controlling numerous environmental effects 

451 primary schools in Slovenia 

Measurements of children, participating in the intervention 
from 216 intervention primary schools included in the initial 

experimental sample 
(N = 221,646) 

Intervention cohort with 
baseline nutritional status  

(N = 29,152) 

Excluded measurements 
of children without 

baseline nutritional status 
or missing data due to 
missing measurement 

rounds  
(N = 158,048) 

Added control cohort with 
baseline nutritional status  

(N = 34,473) 

Annual analyses of obesity 
in intervention cohort: 

 
Nyr1 = 28,705 
Nyr2 = 15,072 
Nyr3 = 8,461 
Nyr4 = 4,325 
Nyr5 = 2,229 
Nyr6 = 1,181 
Nyr7= 504 
Nyr8 = 171 

Annual analyses of obesity 
in control cohort: 

 
Nyr1 = 33,886 
Nyr2 = 21,437 
Nyr3 = 14,166 
Nyr4 = 7,593 
Nyr5 = 4,414 
Nyr6 = 2,181 
Nyr7= 590 
Nyr8 = 220 

Excluded measurements 
of children with missing 

BMI data in intervention (N 
= 715) and control group 

(N = 1,480) 



that potentially influence childhood OB, but in order to reduce the number of these effects, 
we sampled the control group of children from the participating schools by including only 
children who never participated in the intervention. 

The analyses were based on the comparison of the intervention and control group by the 
number of consecutive years of participation or non-participation in the intervention. 
Since the number of children was decreasing steadily with longer participation duration, 
resulting in less than 10% of the original sample in the cohort that participated for six 
consecutive years, we decided to restrict the analyses to five consecutive years of 
participation. 

At baseline, there were some differences between the intervention and control group (Table 
2). The average baseline age of children in intervention group was lower in all five analysed 
participation scenarios and declined in groups with longer participation scenario of 
intervention. In all five participation scenarios, control group had lower percentile of 
subcutaneous fat. The average difference between intervention and control group was 1.5 
percentile and the baseline difference among both groups was increasing with longer 
duration of intervention. The largest baseline difference was observed between intervention 
and control group in scenario of five consecutive years of participation or non-participation 
in intervention, in which the triceps skin fold percentile of intervention group was 3.9 
percentile ranks higher. There was no significant difference in baseline body height between 
the intervention vs. the control group in any of the scenarios. In all five participation 
scenarios, at the baseline the schools from intervention group had more obesogenic 
environment than the control group.  

 
Table 2. Baseline characteristics of the intervention and control cohort according to consecutive 
years of participation or non-participation in the intervention programme 

 N  
(boys, girls) 

Age  
(SD) 

Triceps skinfold 
(SD) 

Height  
(SD) 

Obesogeneity 
(SD) 

1 yr control 33,886 (16,816, 17,070)** 10.37 (2.26)* 54.65 (28.84)* 52.42 (28.79) 7.13 (2.80)* 
1 yr intervention 28,705 (15,398, 13,307)** 9.06 (2.24)* 55.16 (28.63)* 52.32 (28.73) 7.66 (3.11)* 
2 yrs control 21,437 (10,414, 11,023)** 9.99 (1.96)* 54.48 (28.77)* 52.57 (28.77) 7.06 (2.75)* 
2 yrs intervention 15,072 (8,407, 6,665)** 8.56 (1.96)* 55.32 (28.75)* 52.32 (28.61) 8.00 (3.28)* 
3 yrs control 14,166 (6,738, 7,428)** 9.42 (1.70)* 54.10 (28.91)* 52.05 (28.78) 7.05 (2.76)* 
3 yrs intervention 8,461 (4,919, 3,542)** 8.20 (1.70)* 55.20 (28.71)* 55.20 (28.71) 8.23 (3.35)* 
4 yrs control 7,593 (3,573, 4,020)** 8.81 (1.44)* 53.52 (28.85)* 51.40 (28.72) 7.04 (2.78)* 
4 yrs intervention 4,325 (2,655, 1,697)** 7.87 (1.46)* 54.71 (28.77)* 51.63 (28.59) 8.45 (3.46)* 
5 yrs control 4,414 (2,057, 2,357)** 8.19 (1.20)* 52.08 (29.07)* 50.43 (28.65) 7.06 (2.76)* 
5 yrs intervention 2,299 (1,447, 852)** 7.61 (1.20)* 55.97 (28.25)* 51.11 (28.53) 8.51 (3.56)* 

 
Legend: N - number of children, Age - baseline age in years, truncated to integer, Triceps skinfold - baseline age- and 
sex-specific percentile value of triceps skinfold, Height - baseline age- and sex-specific percentile value of height, 
Obesogeneity - baseline obesity prevalence in individual school in %. * significant difference between intervention and 
control group, p < .005, ** significant difference between intervention and control group, p < .005 
 
 
3.3 Anthropometric measurements 
Anthropometric measurements of body height, body weight and triceps skin fold thickness 
were obtained through the SLOfit system—the Slovenian national surveillance system of 
children’s somatic and motor development—in accordance with the standardised and 
uniform protocol.35  The SLOfit measurements are organised in all Slovenian schools every 



April, assuring identical time interval between measurements in all schools with standard 
equipment. The measurements in schools are performed by the PE teachers with the support 
of classroom teachers. PE teachers have been thoroughly trained for this task in various 
courses during their study at the Faculty of Sport, University of Ljubljana which is the only 
institution in Slovenia, educating PE teachers in a five-year study programme. 

Following the SLOfit system protocol, during the anthropometric measurements children 
are barefoot and wearing only light clothes—typically shorts and t-shirt. Body height is 
measured in the standing position with stadiometer to the nearest mm, and body weight 
with medical scale to the nearest 0.1 kg. Triceps skinfold thickness is measured at the mid-
point on the posterior surface of the left upper arm to the closest mm with Holtain calliper. 
The measurements of children whose parents provide positive consent are sent to the 
Laboratory for Diagnostics of Somatic and Motor Development at the Faculty of Sport, 
where the data is checked for logical errors, eventual errors are communicated back to 
teachers for correction. Schools receive feedback for every individual child and class after 
the age- and sex-specific national percentile ranks of 8 fitness indicators and 4 
anthropometric indicators (height, weight, triceps skinfold, and BMI) are calculated. The 
participation rate of children in the studied period 2010-2018 has been above 94% in all 
years. 

 

3.4 Statistical methods 
Chi-square test was used to check to baseline differences in number of boys and girls in 
intervention and control group and independent sample t-test to check the baseline 
difference in age, triceps skinfold, height and environmental obesogeneity between 
intervention and control group. 

Logistic Generalised Estimating Equation (GEE) was used to analyse the possible effect of 
the intervention on the prevalence of OB in the intervention and control group. GEE36 is a 
multilevel regression method that adjusts standard errors to account for correlated data, 
such as the correlation of repeated measurements in a longitudinal study. A working 
correlation structure is specified before the analysis and defines the hypothesised 
relationship between repeated observations of individual subject. Regression parameters in 
GEE are first estimated through a generalised linear regression that initially ignores whether 
the data are longitudinal and—in the next step—the standard error estimates are adjusted 
according to the hypothesised correlation between different time points of the outcome. This 
adjustment then updates the standard errors in the analysis to account for repeated 
observations within the same subject.37  
The OB outcome was analysed using a logit link function. We specified a first-order 
autoregressive correlation structure (AR-1) for the main GEE models. This assumption is 
appropriate in the context of our balanced longitudinal data in which measurements closer 
in time are more correlated than measurements further apart in time. Balanced data occurs 
when subjects are assessed at the same intervals, which was the case in our study. In a first-
order autoregressive structure, the correlation of the outcome between any two points in 
time is a mathematical power of their distance in time. For example, nutritional status a year 
apart would be correlated by r1  (i.e., r  raised to the power of one), nutritional status two 
years apart would be correlated by r2  (i.e., r  raised to the power of two), and so forth. 



The outcome variable in the model was nutritional status, determined by the sex- and age-
specific BMI percentile of the Slovenian population of children between 1989 and 2020. We 
decided to use the national percentiles because a population-specific reference is more 
representative of a country’s children than any other international reference and because 
international BMI cut-offs are not recommended for assessment of individual child’s 
growth,38 which is the case when analysing the cohort data with GEE. The choice of 
population-specific percentile references was further substantiated by the recent evidence 
that contemporary Slovenian children are taller than the WHO growth references core 
sample for almost 4 cm which can lead to high rates of misclassifications of nutritional 
status.39 

Time—as within-subject variable—was categorised into five categories, contrasting baseline 
versus 1st, 2nd, 3rd, 4th, and 5th year of children’s participation or non-participation in the 
intervention. 

Five different models were produced to assess the intervention effects by comparison of 
control and experimental group who were exposed to 1-, 2-, 3-, 4-, and 5-year consecutive 
participation or non-participation in the intervention. Predicted category of nutritional 
status (z-test with Bonferroni adjusted p-values) and odds ratio of OB of control versus 
intervention group (Wald test) were calculated for each model. 

The intervention was evaluated by the participation in individual year, interpreted as the 
odds of non-participation versus participation (0 vs. 1). 

As observed in published evidence on intervention effects on OB, a common limitation is 
the ignoring of micro-environmental settings40 and individual biological factors that can 
have a strong positive or negative influence on the effectiveness of the intervention. One of 
the most important micro-environmental factors is environmental obesogeneity, which was 
first described in 1999 when Swinburnet et al.41 described it as the sum of environmental 
influences on promotion of OB in individuals or populations. Each school in the 
intervention had its distinctive prevalence of baseline OB that could be considered as an 
indicator of childhood obesogeneity in the local environment. In any environment—even in 
markedly obesogenic—not all children suffer from the same level of OB. Some children with 
OB have less body fat than others, but the ones that have more, have  lower odds of 
becoming non-obese than the ones who have less of it. To account for this intervention effect 
handicap we took into consideration also the baseline triceps skinfold percentile value of an 
individual. Furthermore, if the intervention is longer—as was the case with the Healthy 
Lifestyle intervention—individual growth cannot be ignored. The timing and tempo of 
growth spurt are characterised by big differences among peers, but also by sex-related 
differences with girls mostly it sooner than boys.42 Growth spurt is preceded by increased 
energy accumulation in the form of body fat which can result in temporary rise of BMI that 
normalises afterwards. To account for these differences, we considered also sex and body 
height percentile to adjust for individuals whose speed of growth deviates from their peer 
group. Lastly, the own life of an intervention is mostly not considered in the analyses 
although the effectiveness of an intervention can be severely impaired by external factors 
such as discontinued funding, staff changes, policy changes or other unexpected events. 
Since Healthy Lifestyle intervention suffered from temporarily discontinued funding which 



in some cases resulted in six-month total or partial suspension of intervention, we also 
decided to control for this effect by including it in the model. 

Each model was, therefore, adjusted for sex, baseline environmental obesogeneity (baseline 
OB prevalence in individual school), individual risk of OB (baseline percentile of triceps 
skinfold thickness of an individual), individual maturation rate (body height percentile rank 
of an individual in certain year), and intervention disruption (designation whether an 
individual was exposed to disturbance of intervention in 2016). All five models were 
adjusted by the same covariates that were considered potential moderating variables, 
although only participation, environmental obesogeneity and individual risk of OB were 
found significant in all five models. Sex was significant only in the one-year participation 
scenario in which boys had 10% less odds for OB in comparison to girls (OR=0.90, 
95%CI=0.84, 0.96). Body height percentile rank was significant only in the 1-, 2- and 3-year 
participation scenario, while intervention disruption was not significant in any of the 
scenarios but had a moderating effect and improved the model and reduced confidence 
intervals. 

All statistical analyses were performed with IBM SPSS 26.0 and statistical significance was 
set at 𝛼 = 0.05. 

 
4. Results 
Before performing GEE analysis and calculating model-predicted values of OB prevalence, 
we estimated the unadjusted prevalence of OB to assess the trends of OB in intervention 
schools and compare them to the general trends in other Slovenian schools, which were 
never included in the intervention (Figure 2).  
The schools that decided to join the intervention typically had higher prevalence of OB at 
baseline compared to other schools, with the exception of schools joining in 2016. The 
prevalence of OB—in comparison to the year before joining—declined in schools that joined 
the intervention before 2016. It also declined in the schools that joined the intervention in 
2017. However, in the schools that joined the intervention in 2016, when the intervention 
was disrupted due to delayed and reduced financing, and in the last year 2018, when the 
uncertainty regarding its future emerged, the joining of the intervention was not 
accompanied by the decline of OB.  

In schools that joined the intervention from 2011 to 2015, we detected a visible increase of 
OB prevalence in 2016, whereas in the schools joining in 2013 the trend of decline 
temporarily decelerated in that year.  With exception of schools who joined in the first and 
in the last year of the intervention, an increase of OB prevalence was observable after 2018 
when the intervention was terminated. The schools that joined the intervention in the first 
five years, managed to achieve lower OB rates than other non-participating schools but after 
2016, the OB prevalence in schools, joining in 2015 rose above the non-participating schools 
again. 

 

 

 



Figure 2. Comparisons of obesity trends between intervention schools according to the year of 
their inclusion and other schools in Slovenia 
 



Error bars indicate lower and upper 95% Wald CI, * p ≤ .05 
 
Figure 3. Odds of obesity in control group vs. intervention group according to consecutive years 
of participation or non-participation in the intervention programme 

 
Figure 4. Model-adjusted changes between baseline and final prevalence of obesity in intervention 
and control group according to consecutive years of participation or non-participation in the 
intervention programme 
 



The GEE analysis (Figure 3) showed that the control group had significantly higher odds of 
OB than intervention group in all five intervention scenarios. In the first monitored group 
of children who were participating or not participating for one year, the odds of OB in the 
control group was below 10% in comparison to intervention group, but the odds more than 
doubled in the next three groups and more than tripled among children who participated 
or not participated for five consecutive years. The 95% confidence interval also increased 
with every additional year of intervention but remained very similar in second, third and 
fourth group and doubled in the last group.  

The analysis of model-predicted values of OB prevalence (Figure 4) showed that among the 
controls there were no visible changes in OB prevalence in any of the groups except the first 
one while the situation was exactly opposite in the intervention group. The model-adjusted 
decline of OB prevalence between the baseline and final year did not exceed 0.1% in any of 
the intervention five groups. 

 
5. Discussion 
In this study we examined the effect of a large-scale, population-based PA intervention 
delivered in real-world conditions on OB in children and adolescents aged 6 to 14 years.  
The intervention group had higher odds of OB in comparison to the control group in all 
participation scenarios, with odds increasing as intervention duration increased. After one 
year of intervention, the odds of OB in the control group was 10% higher compared to 
intervention group, then doubled in the next three groups and more than tripled among 
children who participated or not participated for five consecutive years. This has to be 
interpreted in light of baseline differences in obesogenic environment between the groups. 
Hence, the results also showed that—despite more obesogenic baseline environment of 
children belonging to intervention group and higher levels of baseline subcutaneous fat—
the risk of becoming obese grew significantly higher in control group than in the 
intervention group. This clearly indicates that additional exposure to physical activity in the 
intervention group, partly neutralised or altered the environmental obesogeneity and 
individual biological factors that moderated OB. Next, we found that when comparing to 
the year before joining the intervention, Slovenian schools that were running PA 
intervention showed a decrease in the prevalence of OB, but only if they joined before 2016. 
In schools involved in 2016 and 2018, when the intervention was disrupted and not running 
smoothly, positive changes regarding childhood OB were lacking, with no visible decline. 
Similarly, the schools that joined the intervention in the first five years (2011-2015) managed 
to achieve lower OB rates than other non-participating schools despite higher baseline OB 
prevalence, but the decline of OB prevalence was stopped or even reversed after 2016 
disruption. This indicates that temporal disruptions in long-lasting interventions may 
attenuate their effectiveness, which might be particularly important given the current public 
health crisis and related barriers to physical activity for children. 

The effects of the intervention studied here are in line with the recent near-census analysis  
of secular trends in childhood OB in Slovenia, that showed a decreasing OB prevalence 
among 6-14-year-olds during the last decade.43 It is noteworthy that the former study used 
IOTF classification44 and our study used national reference values. Although the analysis 
presented in this report is based exclusively on 30,000 children who were continuously 
included in the intervention, Healthy Lifestyle programme has involved about 30% of the 



entire population of children in the country during its life course. Thus, Healthy lifestyle is 
probably one of the main drivers of the decrease in childhood OB in Slovenia observed since 
2010. 

Further, we did use BMI percentile of the Slovenian population of children as reference 
value because it is the most appropriate for this population due to its larger average height 
compared to international standards.39 Nevertheless, BMI is still not the most accurate 
estimate of adiposity due to a well-known limitation of its inability to distinguish between 
fat and muscle mass.45 A systematic review that has examined resistance training and 
showed that those interventions have effect on body fat % and skinfolds, without changing 
body mass, BMI, fat-free mass, fat-mass or lean mass, or waist circumference.46 Furthermore, 
a study which conducted an eight week (three times per week) program using resistance 
stimulus in children with excess body weight, aged 7-12, showed  a significant increase in 
lean body mass (5.3%, P< 0.05), and decrease in percent body fat (2.6%, P< 0.01). However, 
no significant change in weight was observed.47 Hence the effect of Healthy lifestyle 
programme on adiposity could be even larger if we had used body fat as the outcome 
instead of BMI. On the other hand, growth during maturation period can also contribute to 
weight gain during intervention, especially if the program is long lasting. In girls, higher 
prevalence of excess body mass correlates with maturation. Further, higher stature is visible 
in both sexes,48 and results based on girls build on previous cross-sectional studies.49,50 This 
indicates that even if the change in weight is missing, positive alternations in body 
composition are still present with modification of body fat %. Although we adjusted for 
maturation effect in our models, we cannot rule out the residual effect of growth that could 
have resulted in the underestimation of the true effect of the intervention. 

The PA program studied here had similar impact on both boys and girls. This is in line with 
a recent review that showed that fitness-oriented programmes, such as the one studied here, 
have similar effects on BMI in both genders, although the effect on % body fat is larger in 
boys compared to girls.21 

Our results indicated that the longer children participated in the intervention, the larger 
were the effects. More specifically, the effects were more than double in the group that was 
involved for two years compared to their peers involved for only one year, and participating 
in the intervention for five consecutive years produced the largest effect on OB prevention.  
This goes hand in hand with WHO suggestion which emphasises interventions lasting a 
longer period of time with usually better and larger effects in comparison to shorter ones.20 
In contrast to our results, another five-year, school-based PA intervention program, which 
included six PE sessions per week, and incorporated the improvement of children’s diet at 
school, and lasted longer period of time—while improving fitness level—did not manage to 
affect BMI although it did result in the decline of waist circumference.51 Similarly, a 
childhood OB prevention program focusing on diet, physical activity and stress-related 
lifestyle factors, over a two-years observation period did not successfully reduce the 
prevalence of OW/OB in children up to the age of 10.52 In line with this, even a longer PA 
intervention, lasting four-years, found no difference in the prevalence and incidence of 
OW/OB between the intervention and control schools before and after the implemented 
program.53 The Healthy Lifestyle intervention was a population-based, nation-wide 
programme, delivered in the real-world conditions. Consequently, the effect size of the 
programme observed here has to interpreted in light of the challenges associated with 



scaling-up OB prevention initiatives. A recent meta-analysis54 has observed minor effects in 

scaled‐up OB prevention intervention trials compared to pre–scale up efficacy trials and 
that scaling-up OB prevention efficacy trials of does not provide significant benefit relative 
to a control group for BMI. Expanded interventions usually have 75% less of the effects of 
pre-scale-up efficacy trails. 

Although this analysis focused on weight change, there are a number of other benefits 
incurred by a fitness-oriented PA programme such as the one described here. Unhealthy 
weight status is associated with increased risk for almost every chronic problem including 
diabetes, cardiovascular impairments, osteoarthritis and others.55 OB is one of the main 
adjustable risk factor for insulin resistance in children and adolescents,56 where excess body 
mass serves as a strong predictor of adult insulin resistance and type II diabetes.57-59 In 
addition, childhood OB negatively affects social and emotional aspects of life, as well as 
academic performance and a quality of life,60 with observational evidence suggesting that 
PA promotion and sedentary behaviour reduction may support mental health in children 
and adolescents.61 It has to be noted that PA in children and adolescents has a wide range 
of benefits beyond weight loss, including beneficial metabolic changes and positive 
psychosocial outcomes. Self-esteem and cognitive capacities are enhanced and mental 
health problems are reduced, while evidence on improved mood is also promising but 
remains interrogative.62 For instance, systolic blood pressure was higher in inactive children 
with OB compared to sufficiently active children having OB. Also, in children with OB, 
adequate PA as well as appropriate fitness level represent a favourable cardiovascular 
predictor despite excess adiposity, where good cardiovascular health can serve as a 
protective component from heart-related disease even in childhood.63 Next, it has been 
shown that regular PA can serve as an important reducer of systemic inflammation,63 and 
that children and adolescents with OW, when subjected to an aerobic exercise process 
lasting eight weeks, improved their fitness, HDL cholesterol levels and endothelial 
function.64 All in all, PA is beneficial for children having normal weight, as well as for youth 
with overweight or OB irrespective of weight loss.  

 
6. Strengths and limitations 
This study has several strengths. First, our study is not a clinical trial, but a population-
based study delivered in real-word settings, which contributes to higher generalisability of 
our findings. Generalisation of the results of a study represents an important element in 
translational research and is accompanied by ecological validity.65 The latter can be 
examined as a correlation between results from an intervention and results obtained from 
everyday life where it stands for more as an estimate and not as exact data. Thus, ecological 
validity examines whether experimental results can be translated to a non-experimental, 
real-life setting. Second, while most prior interventions were restricted to one academic year 
or less, our study used a longitudinal design implemented over a very long, five-year 
period, which allows us to infer causal relationship between the intervention and obesity-
related outcomes, while also examining the sustainability of the effects over a longer 
intervention period. Third, we adjusted our models for several important confounders, 
including obesogeneity of the environment, initial OB severity and maturation. 
Traditionally the intervention-effectiveness studies only considered the baseline differences 



in personal characteristics of intervention and control groups, or used only an indirect 
environmental indicators of OB risks, such as socio-economic indicators, whereas our study 
used an actual OB prevalence in certain environment to control for environmental 
obesogeneity. In contrast to existing studies, we also controlled for effects of individual’s 
baseline subcutaneous fat which can hide the actual interventions’ effects due to slower or 
less pronounced improvement of nutritional status. Through this approach we were also 
able to examine changes over time together with controlling factors which contribute to 
these transformations along with the intervention itself. Lastly, the study controlled also for 
the maturation effects which can blur the actual decline in body mass due to increased 
accumulation of subcutaneous fat before the growth spurt and due to increased gaining of 
muscle mass in boys and fat mass in girls entering puberty.66,67 

However, this study also has several limitations that need to be addressed. First, the data 
did not allow for estimation of body composition, but relied on BMI as an indicator of 
adiposity. It is, namely, well documented that among children the BMI prediction ability 
varies across different body fat levels. Amongst individuals having higher amount of fat, 
the BMI is a good indicator of excess adiposity. However, differences in the BMIs of lean 
children can occur also due to fat-free mass.68 Around the age of 12, fat free mass begins to 
plateau in girls while—on the contrary—it starts to increase notably in boys and stabilises 
much later than in girls. This process is accompanied by an increase in bone mineral density 
and height as well. Furthermore, during puberty girls gain more fat mass than boys, and 
have 5-6 kg higher absolute fat mass with an average gain of 1.14 kg/year. Conversely, 
absolute fat mass during maturation period does not change in boys.69 Taking into account 
all these changes, evaluating efficacy of a long-lasting intervention based only on BMI 
represents a complex task. However, we made an effort to adjust for biological development 
of children in our models. Also, it should be noted that PA, alongside with fat mass 
reduction, typically increases lean mass, which leads to smaller changes in weight and an 
underestimation of the true effects on OB when BMI is used as the main outcome. Second, 
we were unable to collect information about dietary habits, physical activity outside the 
intervention and screen time, which represent important factors in childhood OB 
management.70,71 There are also several other important determinants of OB (other than diet 
and physical activity) affecting OB which were not recorded in this study, and thus not 
included in analyses. Examples are genetic variation, epigenetics, endocrine disease, central 
nervous system pathology, sleep, infection and socio-economic and cultural factors.72 Third, 
we are aware of possible sampling bias due to non-random voluntary  enrolment used in 
the intervention. Thus, there is a possibility that some children and adolescents who had 
been more prone to behaviour change wanted to be a part of this intervention, omitting 
children with opposite characteristics. Lastly, while horizontally scaling up the intervention, 
we have not been able to collect other indicators on the quality of implementation across 
different schools and years of participation apart from the fact that it was delivered by 
specialist PE teachers rather than by less competent classroom teachers or other professional 
profiles.  

 



7. Implications for future research 
As using BMI as an outcome can result in the underestimation of the effects on PA on OB 
due to muscle mass accumulation, we urge future studies to include body composition 
measurement. Next, the sustainability of changes should be further examined in future 
studies by including follow-up assessments at different time points after the end of the 
intervention.    

 

8. Ethical approval 
The protocol, measurement procedures and data management of the SLOfit surveillance 
system were approved by the National Medical Ethics Committee of the Republic of 
Slovenia (No. 52/03/14) and is in accordance with the Helsinki Declaration. Healthy 
Lifestyle intervention did not require ethical approval since it was not an experiment and 
was independently evaluated by the SLOfit system.  



Bibliography
 
1. Khambalia A, Dickinson S, Hardy L, Gill Ta, Baur L. A synthesis of existing systematic 

reviews and meta-analyses of school-based behavioural interventions for controlling 
and preventing obesity. Obesity Reviews 2012; 13(3): 214-33. 10.1111/j.1467-
789X.2011.00947.x 

2. Lobstein T, Jackson-Leach R. Planning for the worst: estimates of obesity and 
comorbidities in school-age children in 2025. Pediatric Obesity 2016; 11(5): 321-5. 
10.1111/ijpo.12185 

3. Di Cesare M, Sorić M, Bovet P, et al. The epidemiological burden of obesity in childhood: 
a worldwide epidemic requiring urgent action. BMC Medicine 2019; 17(1): 212. 
10.1186/s12916-019-1449-8 

4. Abarca-Gómez L, Abdeen ZA, Hamid ZA, et al. Worldwide trends in body-mass index, 
underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 
population-based measurement studies in 128· 9 million children, adolescents, and 
adults. The Lancet 2017; 390(10113): 2627-42 

5. Swinburn BA, Sacks G, Hall KD, et al. The global obesity pandemic: shaped by global 
drivers and local environments. The Lancet 2011; 378(9793): 804-14. 10.1016/S0140-
6736(11)60813-1 

6. Taber DR, Chriqui JF, Perna FM, Powell LM, Slater SJ, Chaloupka FJ. Association between 
state physical education (PE) requirements and PE participation, physical activity, 
and body mass index change. Preventive Medicine 2013; 57(5): 629-33. 
10.1016/j.ypmed.2013.08.018 

7. Osei-Assibey G, Dick S, Macdiarmid J, et al. The influence of the food environment on 
overweight and obesity in young children: a systematic review. BMJ Open 2012; 2(6). 
10.1136/bmjopen-2012-001538 

8. Sassi F. Fit not fat. Paris: OECD Publishing; 2010. 
9. Lobstein T, Baur L, Uauy R. Obesity in children and young people: a crisis in public health. 

Obesity Reviews 2004; 5: 4-85. 10.1111/j.1467-789X.2004.00133.x 
10. Pearson N, Braithwaite R, Biddle SJ, van Sluijs EM, Atkin AJ. Associations between 

sedentary behaviour and physical activity in children and adolescents: a meta-
analysis. Obesity Reviews 2014; 15(8): 666-75. 10.1111/obr.12188 

11. Waters E, de Silva-Sanigorski A, Burford BJ, et al. Interventions for preventing obesity 
in children. Cochrane Database of Systematic Reviews 2011; (12). 
10.1002/14651858.CD001871.pub3 

12. Budd GM, Volpe SL. School-based obesity prevention: research, challenges, and 
recommendations. Journal of School Health 2006; 76(10): 485-95. 10.1111/j.1746-
1561.2006.00149.x 

13. Kumanyika SK. Environmental influences on childhood obesity: Ethnic and cultural 
influences in context. Physiology & Behavior 2008; 94(1): 61-70. 
10.1016/j.physbeh.2007.11.019 

14. Summerbell CD, Waters E, Edmunds L, Kelly SA, Brown T, Campbell KJ. Interventions 
for preventing obesity in children. Cochrane Database of Systematic Reviews 2005; (3). 
10.1002/14651858.CD001871.pub2 

15. Wang Y, Cai L, Wu Y, et al. What childhood obesity prevention programmes work? A 
systematic review and meta-analysis. Obesity Reviews 2015; 16(7): 547-65. 
10.1111/obr.12277 



16. Bleich SN, Vercammen KA, Zatz LY, Frelier JM, Ebbeling CB, Peeters A. Interventions 
to prevent global childhood overweight and obesity: a systematic review. The Lancet 
Diabetes & Endocrinology 2018; 6(4): 332-46. 10.1016/S2213-8587(17)30358-3 

17. Romieu I, Dossus L, Barquera S, et al. Energy balance and obesity: What are the main 
drivers? Cancer Causes & Control 2017; 28(3): 247-58. 10.1007/s10552-017-0869-z 

18. Janssen I, LeBlanc AG. Systematic review of the health benefits of physical activity and 
fitness in school-aged children and youth. International Journal of Behavioral Nutrition 
and Physical Activity 2010; 7(1): 40. 10.1186/1479-5868-7-40 

19. Rasberry CN, Lee SM, Robin L, et al. The association between school-based physical 
activity, including physical education, and academic performance: a systematic 
review of the literature. Preventive Medicine 2011; 52: S10-S20. 
10.1016/j.ypmed.2011.01.027 

20. WHO. Interventions on diet and physical activity: What works: evidence tables. Geneva: 
World Health Organization, 2009 

21. Podnar H, Jurić P, Karuc J, et al. Comparative effectiveness of school-based interventions 
targeting physical activity, physical fitness or sedentary behaviour on obesity 
prevention in 6-12-year-old children: A systematic review and meta-analysis. Obesity 
Reviews 2020; in press:  

22. WHO. Obesity and overweight. 2020. https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight (accessed January 14 2021). 

23. Reis RS, Salvo D, Ogilvie D, et al. Scaling up physical activity interventions worldwide: 
stepping up to larger and smarter approaches to get people moving. The Lancet 2016; 
388(10051): 1337-48. 10.1016/S0140-6736(16)30728-0 

24. Gyurcsik NC, Brittain DR. Partial examination of the public health impact of the People 
with Arthritis Can Exercise (PACE®) program: reach, adoption, and maintenance. 
Public Health Nursing 2006; 23(6): 516-22. 10.1111/j.1525-1446.2006.00591.x 

25. Brady TJ, Sniezek J, Ramsey LA. News from the CDC: Scaling up sustainable 
intervention delivery–lessons learned from the CDC arthritis program. Translational 
Behavioral Medicine 2012; 2(1): 3-5. 10.1007/s13142-011-0105-4 

26. van Dongen JM, van Poppel MN, Milder IE, van Oers HA, Brug J. Exploring the reach 
and program use of hello world, an email-based health promotion program for 
pregnant women in the Netherlands. BMC Research Notes 2012; 5(1): 514. 
10.1186/1756-0500-5-514 

27. Seguin R, Connor L, Nelson M, LaCroix A, Eldridge G. Understanding barriers and 
facilitators to healthy eating and active living in rural communities. Journal of 
nutrition and metabolism 2014; 2014:  

28. Hardy LL, Mihrshahi S, Gale J, Nguyen B, Baur LA, O’Hara BJ. Translational research: 
are community-based child obesity treatment programs scalable? BMC Public Health 
2015; 15(1): 652. 10.1186/s12889-015-2031-8 

29. McKay HA, Macdonald HM, Nettlefold L, Masse LC, Day M, Naylor P-J. Action Schools! 
BC implementation: from efficacy to effectiveness to scale-up. British Journal of Sports 
Medicine 2015; 49(4): 210-8. 10.1136/bjsports-2013-093361 

30. Hallal PC, Andersen LB, Bull FC, et al. Global physical activity levels: surveillance 
progress, pitfalls, and prospects. The Lancet 2012; 380(9838): 247-57. 10.1016/S0140-
6736(12)60646-1 

31. Kohl 3rd HW, Craig CL, Lambert EV, et al. The pandemic of physical inactivity: global 
action for public health. The Lancet 2012; 380(9838): 294-305. 10.1016/S0140-
6736(12)60898-8 



32. Young D, Steckler A, Cohen S, et al. Process evaluation results from a school-and 
community-linked intervention: the Trial of Activity for Adolescent Girls (TAAG). 
Health Education Research 2008; 23(6): 976-86. 10.1093/her/cyn029 

33. Heath EM, Coleman KJ. Evaluation of the institutionalization of the coordinated 
approach to child health (CATCH) in a US/Mexico border community. Health 
Education & Behavior 2002; 29(4): 444-60. 10.1177/109019810202900405 

34. Hoelscher DM, Feldman HA, Johnson CC, et al. School-based health education programs 
can be maintained over time: results from the CATCH Institutionalization study. 
Preventive Medicine 2004; 38(5): 594-606. 10.1016/j.ypmed.2003.11.017 

35. Strel J, Ambrožič F, Kondrič M, et al. Sports Educational Chart. Ljubljana: Ministry of 
Education and Sport; 1997. 

36. Liang K-Y, Zeger SL. Longitudinal data analysis using generalized linear models. 
Biometrika 1986; 73(1): 13-22. 10.1093/biomet/73.1.13 

37. Huh D, Flaherty BP, Simoni JM. Optimizing the analysis of adherence interventions 
using logistic generalized estimating equations. AIDS and Behavior 2012; 16(2): 422-
31. 10.1007/s10461-011-9955-5 

38. De Onis M, Lobstein T. Defining obesity risk status in the general childhood population: 
Which cut-offs should we use? International Journal of Pediatric Obesity 2010; 5(6): 458-
60. 10.3109/17477161003615583 

39. Starc G, Popović S, Đordić V, et al. Differences in body height between the contemporary 
Western Balkan children and the WHO growth references core sample. 
Anthropological Notebooks 2019; 25(3): 55-67 

40. Kirk SF, Penney TL, McHugh TL. Characterizing the obesogenic environment: the state 
of the evidence with directions for future research. Obesity Reviews 2010; 11(2): 109-
17. 10.1111/j.1467-789X.2009.00611.x 

41. Swinburn B, Egger G, Raza F. Dissecting obesogenic environments: the development 
and application of a framework for identifying and prioritizing environmental 
interventions for obesity. Preventive Medicine 1999; 29(6): 563-70. 
10.1006/pmed.1999.0585 

42. Tanner J, Whitehouse R, Marubini E, Resele L. The adolescent growth spurt of boys and 
girls of the Harpenden growth study. Annals of Human Biology 1976; 3(2): 109-26. 
10.1080/03014467600001231 

43. Sorić M, Jurak G, Đurić S, Kovač M, Strel J, Starc G. Increasing trends in childhood 
overweight have mostly reversed: 30 years of continuous surveillance of Slovenian 
youth. Scientific Reports 2020; 10(1). 10.1038/s41598-020-68102-2 

44. Cole T, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness, 
overweight and obesity. Pediatric Obesity 2012; 7(4): 284-94. 10.1111/j.2047-
6310.2012.00064.x 

45. Shephard RJ. The obesity epidemic: A challenge to pediatric work physiologists? 
Pediatric Exercise Science 2005; 17(1): 3-17. 10.1123/pes.17.1.3 

46. Collins H, Fawkner S, Booth JN, Duncan A. The effect of resistance training interventions 
on weight status in youth: a meta-analysis. Sports Medicine-Open 2018; 4(1): 41. 
10.1186/s40798-018-0154-z 

47. McGuigan MR, Tatasciore M, Newton RU, Pettigrew S. Eight weeks of resistance 
training can significantly alter body composition in children who are overweight or 
obese. The Journal of Strength & Conditioning Research 2009; 23(1): 80-5. 
10.1519/JSC.0b013e3181876a56 



48. Benedet J, da Silva Lopes A, Adami F, de Fragas Hinnig P, de Vasconcelos FdAG. 
Association of sexual maturation with excess body weight and height in children and 
adolescents. BMC Pediatrics 2014; 14(1): 72. 10.1186/1471-2431-14-72 

49. Ribeiro J, Santos P, Duarte J, Mota J. Association between overweight and early sexual 
maturation in Portuguese boys and girls. Annals of human biology 2006; 33(1): 55-63. 
10.1080/00207390500434135 

50. Adami F, Vasconcelos FdAGd. Obesidade e maturação sexual precoce em escolares de 
Florianópolis-SC. Revista Brasileira de Epidemiologia 2008; 11: 549-60. 10.1590/S1415-
790X2008000400004 

51. Bhave S, Pandit A, Yeravdekar R, et al. Effectiveness of a 5-year school-based 
intervention programme to reduce adiposity and improve fitness and lifestyle in 
Indian children; the SYM-KEM study. Archives of Disease in Childhood 2016; 101(1): 33-
41. 10.1136/archdischild-2015-308673 

52. De Henauw S, Huybrechts I, De Bourdeaudhuij I, et al. Effects of a community-oriented 
obesity prevention programme on indicators of body fatness in preschool and 
primary school children. Main results from the IDEFICS study. Obesity Reviews 2015; 
16: 16-29. 10.1111/obr.12346 

53. Graf C, Koch B, Falkowski G, et al. School-based prevention: effects on obesity and 
physical performance after 4 years. Journal of Sports Sciences 2008; 26(10): 987-94. 
10.1080/02640410801930176 

54. McCrabb S, Lane C, Hall A, et al. Scaling-up evidence-based obesity interventions: a 
systematic review assessing intervention adaptations and effectiveness and 
quantifying the scale-up penalty. Obesity Reviews 2019; 20(7): 964-82. 
10.1111/obr.12845 

55. Hruby A, Hu FB. The epidemiology of obesity: a big picture. Pharmacoeconomics 2015; 
33(7): 673-89. 10.1007/s40273-014-0243-x 

56. Chiarelli F, Marcovecchio ML. Insulin resistance and obesity in childhood. European 
Journal of Endocrinology 2008; 159(suppl_1): S67-S74. 10.1530/EJE-08-0245 

57. Reinehr T, Kiess W, Kapellen T, Andler W. Insulin sensitivity among obese children and 
adolescents, according to degree of weight loss. Pediatrics 2004; 114(6): 1569-73. 
10.1542/peds.2003-0649-F 

58. Lee JM, Okumura MJ, Davis MM, Herman WH, Gurney JG. Prevalence and 
determinants of insulin resistance among US adolescents: a population-based study. 
Diabetes Care 2006; 29(11): 2427-32. 10.2337/dc06-0709 

59. Nguyen QM, Srinivasan SR, Xu J-H, Chen W, Kieltyka L, Berenson GS. Utility of 
childhood glucose homeostasis variables in predicting adult diabetes and related 
cardiometabolic risk factors: the Bogalusa Heart Study. Diabetes Care 2010; 33(3): 670-
5. Utility of childhood glucose homeostasis variables in predicting adult diabetes and 
related cardiometabolic risk factors 

60. Sahoo K, Sahoo B, Choudhury AK, Sofi NY, Kumar R, Bhadoria AS. Childhood obesity: 
causes and consequences. Journal of Family Medicine and Primary Care 2015; 4(2): 187. 
10.4103/2249-4863.154628 

61. Rodriguez-Ayllon M, Cadenas-Sanchez C, Estevez-Lopez F, et al. Role of physical 
activity and sedentary behavior in the mental health of preschoolers, children and 
adolescents: a systematic review and meta-analysis. Sports Medicine 2019: 1-28. 
10.1007/s40279-019-01099-5 

62. Biddle SJ, Asare M. Physical activity and mental health in children and adolescents: a 
review of reviews. British Journal of Sports Medicine 2011; 45(11): 886-95. 
10.1136/bjsports-2011-090185 



63. Legantis CD, Nassis G, Dipla K, Vrabas I, Sidossis L, Geladas N. Role of 
cardiorespiratory fitness and obesity on hemodynamic responses in children. J Sports 
Med Phys Fitness 2012; 52(3): 311-8 

64. Kelly AS, Wetzsteon RJ, Kaiser DR, Steinberger J, Bank AJ, Dengel DR. Inflammation, 
insulin, and endothelial function in overweight children and adolescents: the role of 
exercise. The Journal of Pediatrics 2004; 145(6): 731-6. 10.1016/j.jpeds.2004.08.004 

65. Lewkowicz DJ. The concept of ecological validity: what are its limitations and is it bad 
to be invalid? Infancy 2001; 2(4): 437-50. 10.1207/S15327078IN0204_03 

66. Tanner JM. Sequence, tempo, and individual variation in the growth and development 
of boys and girls aged twelve to sixteen. Daedalus 1971; 100(4): 907-30. 
www.jstor.org/stable/20024040 

67. Tanner JM. Growth and maturation during adolescence. Nutrition Reviews 1981; 39(2): 
43-55. 10.1111/j.1753-4887.1981.tb06734.x 

68. Freedman DS, Sherry B. The validity of BMI as an indicator of body fatness and risk 
among children. Pediatrics 2009; 124(Supplement 1): S23-S34. 10.1542/peds.2008-
3586E 

69. Loomba-Albrecht LA, Styne DM. Effect of puberty on body composition. Current Opinion 
in Endocrinology, Diabetes and Obesity 2009; 16(1): 10-5. 
10.1097/MED.0b013e328320d54c 

70. Kumar S, Kelly AS. Review of childhood obesity: from epidemiology, etiology, and 
comorbidities to clinical assessment and treatment.  Mayo Clinic Proceedings; 2017: 
Elsevier; 2017. p. 251-65. 

71. Fang K, Mu M, Liu K, He Y. Screen time and childhood overweight/obesity: A 
systematic review and meta-analysis. Child: care, health and development 2019; 45(5): 
744-53. 10.1111/cch.12701 

72. Güngör NK. Overweight and obesity in children and adolescents. Journal of clinical 
research in pediatric endocrinology 2014; 6(3): 129. 10.4274/jcrpe.1471 

73. Rosa JS, Oliver SR, Flores RL, et al. Altered inflammatory, oxidative, and metabolic 
responses to exercise in pediatric obesity and type 1 diabetes. Pediatric Diabetes 2011; 
12(5): 464-72. 10.1111/j.1399-5448.2010.00724.x 

74. WHO. Taking action on childhood obesity. Geneva: World Health Organization, 2018 


