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Abstract

Objective: The aim of this study was to examine the effectiveness of a real-world,

population-scaled, school-based physical activity (PA) intervention that provided two

to three additional physical education lessons per week to children aged 6 to

14 years in Slovenia.

Methods: More than 34,000 participants from over 200 schools were compared with

a similar number of nonparticipants from the same schools. Generalized estimating

equations were used to estimate the effects of differing levels of exposure to the

intervention (i.e., from 1–5 years) on BMI in children with normal weight, overweight,

or obesity at baseline.

Results: BMI was lower in the intervention group, irrespective of participation dura-

tion or baseline weight status. The difference in BMI increased with the program

duration, with maximal effects being seen after 3 to 4 years of participation, and was

consistently larger for children with obesity (peaking at 1.4 kg/m2 [95% CI: 1.0–1.9]

for girls with obesity and peaking at 0.9 kg/m2 [95% CI: 0.6–1.3] for boys with obe-

sity). The program started to become effective at reversing obesity after 3 years,

whereas the lowest numbers needed to treat (NNTs) were observed after 5 years

(NNTs = 17 for girls and 12 for boys).

Conclusions: The population-scaled, school-based PA intervention was effective in

preventing and treating obesity. The effects were the greatest in children initially

presenting with obesity, such that the program was able to benefit children needing

support the most.

INTRODUCTION

The global prevalence of childhood obesity has increased at a startling

rate, moving from 0.7% to 5.6% in boys and 0.9% to 7.8% in girls from

1975 to 2016 [1]. Projected obesity-related morbidity incidence rates

and all-cause mortality are very high, as are the anticipated costs for

health care and economic losses [2]. It is, therefore, critical to imple-

ment convenient and controlled approaches on a global scale in order

to slow down and ultimately reverse this costly pandemic.

Most children and adolescents go to school daily, which means

that school-based interventions can impact many children simulta-

neously, including hard-to-reach groups. Numerous systematic

reviews have shown that school interventions involving physical activ-

ity (PA) produce larger effects on body weight than interventionsGregor Starc and Maroje Sori�c had equal authorship.
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without PA [3–5]. Therefore, a school-based program that includes

PA can serve as an important contributing feature in childhood obe-

sity management, especially when led by experienced physical educa-

tion (PE) professionals [6]. Moreover, fitness-oriented interventions

that focus on improving the components of physical fitness and typi-

cally involve more vigorous PA (e.g., structured exercise) have demon-

strated greater potential for improving body composition than other

types of PA interventions, such as interventions focusing on merely

increasing the volume of PA (e.g., providing more time for unstruc-

tured play) or interventions with exclusively educational content

(e.g., providing information on the benefits of PA) [7].

Although the beneficial health effects of initiating PA intervention

programs during childhood are well documented, most of this evidence

comes from short-term efficacy trials conducted in well-controlled set-

tings, usually without implementing large-scale, or scalable, population-

based approaches. The current lack of successfully implemented

school-based PA interventions in real-world settings impedes the

fight against the childhood obesity pandemic [8, 9]. The present

study leverages a natural experiment in Slovenia that provided the

opportunity to examine the effectiveness of the Healthy Lifestyle

intervention, a real-world, population-based, longitudinal PA inter-

vention, on body mass index (BMI) in children aged 6 to 14 years;

this intervention was derived from a previous successful, small-

scale PA intervention in individual Slovenian schools that provided

an above-standard program of one PE lesson per day, which was

also delivered by PE specialist teachers in the lower classes of pri-

mary school [10].

METHODS

Intervention

Healthy Lifestyle was a nationwide intervention introduced in

Slovenia from 2011 to 2018. The intervention provided two addi-

tional PE lessons in grades 1 to 6 and three in grades 7 to 9, thus pro-

viding one PE lesson per day to children aged 6 to 14 years (Table 1).

The additional lessons were not part of the obligatory curricula but

they were organized to take place immediately after the end of regu-

lar school hours and were thus within the time frame of the ordinary

school day. The intervention was financed by the European Social

Fund with the aim of increasing initial employment opportunities for

recently graduated PE teachers. In order to get the funding, schools

needed to employ recently graduated PE teachers who were the only

teachers delivering the intervention lessons. The intervention was

offered to all children in an individual school and was organized in the

form of an elective course. After the children joined the program upon

their parental written consent, their participation became compulsory,

but they were not graded as in regular PE classes. The maximum num-

ber of children per class was between 16 and 30, and the school was

allowed to shape multiple joint classes composed of children from

grades 1 to 3, 4 to 6, or 7 to 9 if the number of enrolled children per

grade was lower than 16. The program required teachers to provide at

least 12 different sports per triennium, and they had to prioritize the

three most established sports in the local environment. It also

included the presentation of urban sports (such as in-line skating, par-

kour, and other sports suitable in urban settings) that were currently

not specifically covered in the PE curricula at the time, and PE special-

ist teachers also had to provide limited information on healthy dietary

and lifestyle habits regarding energy balance, limiting the consumption

of snacks and sugar-sweetened beverages, and promoting a diverse

diet. Teachers were free to choose how to provide this information,

but they typically delivered it in the form of short group conversations

at the beginning of the lessons or during short breaks between activi-

ties. Childhood obesity was not a specific target of the intervention

per se. However, increasing overall PA with the addition of two or

three PE lessons was considered a helpful “by-product” strategy for

Study Importance

What is already known?

• The global prevalence of obesity has increased at a signif-

icant rate, growing from 0.7% to 5.6% in boys and 0.9%

to 7.8% in girls from 1975 to 2016.

• The current lack of successfully implemented interven-

tions in real-world settings prevents quality management

of the childhood obesity pandemic.

What does this study add?

• A school-based physical activity (PA) intervention that

provided additional physical education lessons remained

effective in the prevention of obesity after scaling up.

• The greatest effect was present in children initially pre-

senting with obesity, such that the program was able to

benefit children needing support the most, whereas the

number needed to treat for obesity reversal decreased

with intervention duration, emphasizing the need for

long-term PA programs.

How might these results change the direction of

research or the focus of clinical practice?

• To be effective at reducing obesity for children of both

sexes aged 6 to 14 years, the intervention must last a

minimum of three consecutive years without funding

interruption because even temporary disruptions in long-

lasting interventions attenuate their long-term

effectiveness.

• Policy makers and funding bodies should be aware that

obesity is a chronic condition that needs to be dealt with

over a longer time frame and that easy solutions and

immediate effects are neither realistic nor sustainable.
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maintaining optimal weight and improving the energy imbalance in

participating children. All in all, the intervention was designed through

a bottom-up approach, meaning that schools were totally independent

in selecting the contents and form of work. This approach was chosen

to facilitate adaptation to local contexts and settings. Parents only

provided consent for their children to be involved in the intervention;

they did not receive any educational materials and were not involved

in the intervention program in any other way.

New schools were joining the program yearly, so in the final year

of implementation, the total number of involved schools was

216 (48% of the total number of primary schools). Only two schools

decided to discontinue the intervention in the entire 2011 to 2018

period. On the other hand, the intervention faced a serious challenge

in the school year 2015/2016 when financing was suspended for sev-

eral months for administrative reasons. This resulted in a considerable

reduction of delivered lessons compared with previous years

(Table 1).

Study design and sample

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 (number 52/03/14), and

they are in accordance with the Declaration of Helsinki. The Healthy

Lifestyle intervention did not require ethical approval because it was

not an experimental study and was independently evaluated by using

the SLOfit system. This intervention was implemented at a national

level on a voluntary basis, and we treat this as a natural experiment;

here we compare weight outcomes in children involved in the inter-

vention with the outcomes of their peers who did not participate. In

Slovenia, there are 451 primary schools, 216 of which volunteered to

implement the intervention for at least 1 school year. Each year, the

Slovenian Sports Office published a public call, and schools were free

to submit their applications. All the schools that applied in any of the

years were granted the funding, and no school was ever refused the

funding. Participating schools did not differ from nonparticipating

schools in terms of regional distribution, size, or urbanization level,

but participating schools did show higher levels of baseline obesity

(data not shown). Between 18,000 and 35,000 children were included

in the intervention in each single year, and around 96% of the children

from participating schools were measured within the SLOfit system

every year. Because of the natural experiment design, intervention

assignments on both the school and individual levels were outside of

our control (with schools joining in different years and children joining,

leaving, and rejoining the intervention at different ages), which

resulted in a large and unfeasible number of durations to consider

when evaluating the intervention effects. Hence, we opted to include

only children who participated in the intervention continuously over a

certain period, but we restricted the analyses to children who were

enrolled in a participating school at least a year before the specific

school joined the intervention to have true baseline values. We com-

pared these children with a control group of children who attended

participating schools but who were not involved in the intervention at

any time. All analyses were stratified by the number of consecutive

years of participation or nonparticipation in the intervention. The lon-

ger the participation duration, the fewer generations of children there

were who had the opportunity to join the intervention. This resulted

in very low statistical power in models that were restricted to groups

with 6, 7, and 8 years of participation. Hence, we decided to restrict

the analyses to a consecutive 5 years of participation.

Anthropometric measurements

Height, weight, and triceps skinfold measurements were obtained

through the SLOfit system—the Slovenian national fitness surveillance

system—in accordance with the standardized and uniform protocol

[11], and data were anonymized regarding the intervention involve-

ment. The SLOfit measurements are organized in all Slovenian schools

every April, assuring an identical time interval between measurements

in all schools with standard equipment [12]. The measurements in

schools are performed by the regular PE teachers with the support of

classroom teachers, and all of the schools are equipped with standard

measuring equipment. All PE teachers in Slovenia are educated in a

single 5-year study program at the Faculty of Sport, University of

Ljubljana, and are all thoroughly trained in measurement procedures

in three different study courses.

The SLOfit systematic measurement protocol requires children to

be tested barefoot and wearing only light clothes during the anthro-

pometric measurements. Height is measured to the nearest millimeter

in the standing position with a stadiometer, and weight is measured

to the nearest 0.1 kg with a medical scale. The measurements are sent

to the Laboratory for Diagnostics of Somatic and Motor Development

at the Faculty of Sport, where the data are checked for logistical

errors; any errors are communicated to teachers for immediate

T AB L E 1 Participation in Healthy Lifestyle intervention and related costs in the period of 2010–2018

School year 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016 2016/2017 2017/2018

Participants (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 (€) 1,156,322 1,754,087 2,007,291 2,026,940 2,070,681 1,752,964 2,618,384 2,341,557

Annual costs

per child (€)
60.88 72.48 77.20 73.44 68.43 59.32 73.47 72.62

EFFECTIVENESS OF A SCALED-UP INTERVENTION 813
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correction. The participation rate of children in SLOfit for the period

studied here (i.e., 2010–2018) surpassed 94% in all years.

Statistical methods

Because the aim of this study was to examine the effects of an inter-

vention scaled up to a population level, we opted to use generalized

estimating equations (GEE) [13]—one of the population-average models

(or marginal models) that tests the average effects on a population level,

instead of examining individual-level effects. GEE models [14] also pro-

vide robust parameter estimates regardless of the assumed variance–

covariance correlation matrix and deal well with missing data. Unlike

traditional basic regression models, a GEE model can handle multilevel,

clustered, and autocorrelated data and it does not require distributional

assumptions (e.g., normally distributed data). We accounted for the mul-

tilevel structure of the data by considering clustering at the school level,

but we did not cluster at the exercise-group level, as this information

was not available. The change in BMI was analyzed by using a linear

scale response. Because of the balanced data, we specified a first-order

autoregressive correlation structure for all GEE models [14]. Time—as a

within-subject variable—was categorized into five categories, contrast-

ing baseline with the first, second, third, fourth, and fifth year of chil-

dren’s participation or nonparticipation in the intervention. Covariates

were selected a priori based on expert knowledge, and each model was

adjusted for age, baseline school obesity prevalence, economic

affluence of the local environment (Municipality Development Index),

individual risk of obesity (baseline percentile of triceps skinfold thick-

ness of an individual), proxy of individual maturation rate (body height

percentile rank of an individual in a certain year), and intervention dis-

ruption (designation of whether an individual was exposed to distur-

bance of the intervention in 2016). Because we tried to establish the

possible differences in the effects of the intervention on BMI in children

who had normal weight, overweight, or obesity at baseline, stratified by

sex, we produced 30 different models with all potentially moderating

covariates included. The criterion for normal weight was having BMI

below the 85th percentile of the national age- and sex-specific BMI

values, which were calculated by using the data of more than 7.5 million

measurements in the period of 1989 to 2020. The criterion for over-

weight was having BMI above or equal to the 85th percentile but below

the 95th percentile, and the criterion for obesity was having BMI equal

to or above the 95th percentile. As the GEE model does not contain an

intuitive statistical effect size metric, we report and discuss the effect

size in terms of clinical significance of observed effects (i.e., β coeffi-

cients) and related uncertainty estimates (i.e., 95% confidence intervals

[CIs]). These effects denote the differences in BMI between the inter-

vention group and control group at a given time point.

The number of obesity cases reversed was calculated as the dif-

ference between the number of obesity cases at the baseline year and

the number of obesity cases at the final year for all five participation

durations. The χ2 test was used to assess the difference in the number

of obesity cases between the baseline and final year in each duration

F I GU R E 1 Study design and flowchart of the study sample. yr, year

814 EFFECTIVENESS OF A SCALED-UP INTERVENTION
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scenario. The Cramer V value was calculated as a measure of effect

size. The number needed to treat (NNT; number of children need to

be involved in the intervention to reverse one additional obesity case)

was calculated by using a modification to the standard equation. First,

the difference in the favorable clinical outcome rate between the

experimental group and the control group was calculated (i.e., the dif-

ference between obesity reversal rates). In the next step, the NNT

was calculated as the inverse of this number and rounded up to the

higher whole number [15].

An independent-sample t test was used to check baseline differ-

ences in age, triceps skinfold measurements, height, BMI, and school

baseline obesity prevalence between the intervention group and the

control group. All statistical analyses were stratified by sex and were

performed by using SPSS Statistics 26.0 (IBM Corp.), and statistical

significance was set at α = 0.05.

RESULTS

There are 451 primary schools in Slovenia, out of which 216 (48%)

were part of Healthy Lifestyle during the final year of the interven-

tion. At baseline, the intervention cohort included 29,152 children,

and the control cohort included 34,473 children. The number of par-

ticipants in both the intervention cohort and control cohort dropped

continuously as the duration of the intervention increased and

amounted to 2337 (8%) and 4502 (13%) participants, respectively, in a

5-year participation scenario (Figure 1). This phenomenon was largely

due to children finishing primary education and was in part due to

children leaving the intervention. The differences between children

who adhered to the intervention and their peers who dropped out at

any point are shown in Supporting Information Tables S1 and S2. Chil-

dren who dropped out were about 1 year older and they came from

schools with slightly lower levels of baseline obesity.

The characteristics of participants at baseline according to con-

secutive years of participation in the intervention are shown in

Table 2. Age differences were apparent between the intervention and

control groups in all five analyzed participation durations, with the age

difference declining between groups with longer participation dura-

tion. The intervention group had a higher height percentile, BMI per-

centile, and prevalence of obesity in all five participation durations

(Table 2).

The unadjusted prevalence of obesity that shows the obesity

trends in intervention schools compared with the trends in all other

Slovenian schools that were never included in the intervention is pre-

sented in Figure 2. The schools that decided to join the intervention

typically had a higher-than-average prevalence of obesity (except for

schools joining in 2014 and 2016). The prevalence of obesity declined

in the years after joining the intervention in schools that joined the

intervention before or after 2016 but not in schools that joined in

2016 when the intervention was disrupted because of delayed and

reduced financing. Next, in schools that joined the intervention from

2011 to 2015, a temporary increase of obesity prevalence in 2016

was seen, ranging from 0.2 to 0.3 percentage points. Last, despite T
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having a much higher obesity prevalence at baseline, schools that

joined the intervention in the first 5 years managed to achieve and

sustain lower obesity rates than nonparticipating schools. The same

was not seen for schools joining in 2016, 2017, or 2018.

Next, the GEE analysis showed an increasingly lower average

BMI in the intervention group than in the control group, with longer

participation durations being shown in the intervention group

across all three weight groups and in both sexes (Tables 3 and 4).

Generally, in girls, the magnitude of effects plateaued after 3 years

(girls with normal weight and girls with obesity) or 4 years of par-

ticipation (girls with overweight) at around 1 to 1.4 kg/m2 (girls

with normal weight: β = 0.937, 95% CI: 0.845–1.029; girls with

overweight: β = 1.151, 95% CI: 0.785–1.517; girls with obesity:

β = 1.417, 95% CI: 0.959–1.875). In boys, the effects plateaued

F I GU R E 2 Time trends in obesity prevalence in intervention schools vs. other schools, stratified by intervention start year
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T AB L E 3 Generalized estimating equation analysis of effects on BMI change in control versus intervention in girls

Duration by weight status β SE

95% CI

Wald χ2 p valueLower Upper

Normal weight

1 Year 0.235 0.0219 0.192 0.278 114.487 <0.001

2 Years 0.831 0.0341 0.764 0.898 595.722 <0.001

3 Years 0.937 0.0467 0.845 1.029 402.059 <0.001

4 Years 0.807 0.0665 0.677 0.938 147.313 <0.001

5 Years 0.554 0.0875 0.383 0.725 40.130 <0.001

Overweight

1 Year 0.157 0.0437 0.071 0.242 12.876 <0.001

2 Years 0.789 0.0742 0.644 0.935 113.004 <0.001

3 Years 1.097 0.1264 0.849 1.345 75.330 <0.001

4 Years 1.151 0.1867 0.785 1.517 37.966 <0.001

5 Years 0.887 0.2293 0.437 1.336 14.959 <0.001

Obesity

1 Year 0.544 0.1212 0.306 0.781 20.115 <0.001

2 Years 1.333 0.1858 0.969 1.698 51.519 <0.001

3 Years 1.417 0.2338 0.959 1.875 36.744 <0.001

4 Years 0.953 0.325 0.316 1.590 8.594 <0.001

5 Years 0.397 0.4192 �0.424 1.219 0.898 0.340

T AB L E 4 Generalized estimating equation analysis of effects on BMI change in control versus intervention in boys

Duration by weight status β SE

95% CI

Wald χ2 p valueLower Upper

Normal weight

1 Year 0.219 0.0211 0.178 0.26 107.688 <0.001

2 Years 0.717 0.0321 0.654 0.779 499.277 <0.001

3 Years 0.851 0.0433 0.766 0.935 386.191 <0.001

4 Years 0.807 0.0595 0.691 0.924 184.226 <0.001

5 Years 0.574 0.0772 0.422 0.725 55.238 <0.001

Overweight

1 Year 0.413 0.0688 0.278 0.548 36.092 <0.001

2 Years 0.413 0.0688 0.278 0.548 36.092 <0.001

3 Years 0.766 0.1139 0.542 0.989 45.195 <0.001

4 Years 0.591 0.1636 0.270 0.912 13.039 <0.001

5 Years 0.240 0.2288 �0.209 0.688 1.099 0.295

Obesity

1 Year 0.272 0.1031 0.070 0.474 6.965 0.008

2 Years 0.715 0.1514 0.419 1.012 22.344 <0.001

3 Years 0.889 0.2182 0.461 1.316 16.584 <0.001

4 Years 0.630 0.2964 0.049 1.211 4.514 0.034

5 Years 0.834 0.3707 0.107 1.56 5.056 0.025
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after 3 years at around 0.8 to 0.9 kg/m2 (boys with normal weight:

β = 0.851, 95% CI: 0.766–0.935; boys with overweight: β = 0.766; 95%

CI: 0.542–0.989; boys with obesity: β = 0.889, 95% CI: 0.461–1.316).

To assess the effect of the intervention on obesity treatment, we

analyzed the transition of children with obesity at baseline (N = 4063)

to overweight or normal weight for each of the five participation

durations. The results shown in Table 5 reveal that for the reversal of

obesity, the intervention was more effective in girls for whom statisti-

cally significant differences between the control group and interven-

tion group were seen after 2 years (p = 0.016, Cramer V = 0.072),

3 years (p = 0.002, Cramer V = 0.120), 4 years (p = 0.024, Cramer

V = 0.122), and 5 years of participation (p = 0.033, Cramer

V = 0.154). On the other hand, in boys, the intervention started to

show effects a bit later, and the difference between the intervention

group and the control group reached the significance threshold only

in participation durations of 3 years (p = 0.011, Cramer V = 0.092]

and 5 years (p = 0.027, Cramer V = 0.157). In line with this, the NNT

also decreased steadily as the duration of the program increased for

both sexes, with generally lower numbers being shown for girls. The

lowest NNT was seen for 5 years of participation in the program

(NNT = 17 and 12 for girls and boys, respectively).

DISCUSSION

This study investigated the effectiveness of a scaled-up, population-

based, long-lasting PA intervention on obesity-related outcomes in

children aged 6 to 14 years, while using a complex analytical design to

reflect diverse, real-world scenarios. The principal result of the study

was that children included in the Healthy Lifestyle intervention had a

significantly lower BMI rise than the control group. The difference in

BMI grew with the number of years of participation in the interven-

tion and the difference was the largest in children who initially had

obesity. Furthermore, reversal of obesity was more common in the

intervention group in cases in which children were involved in the

program for at least a consecutive 3 years, whereas maximal treat-

ment effects were seen after 4 years of participation in girls and after

5 years of participation in boys.

Our findings are in line with the observed (prepandemic) trends

among Slovenian children, which show that the increase in the preva-

lence of overweight and obesity has been decreasing over the past

decade, with a larger reduction being shown in boys than in girls [16].

The fact that childhood obesity has been declining in Slovenia

throughout the period of the Healthy Lifestyle intervention at the

population level [16] suggests that there were also other drivers that

contributed to the reversal of the obesity trends.

We observed that the effect of the intervention on BMI was gen-

erally larger in girls than in boys, although this was more evident in

those with overweight and obesity at baseline. Moreover, reversed

obesity cases were also more frequent in girls and more consistent

across different participation scenarios. The disparity between sexes

in terms of different intervention effects could be due to differences

in PA levels outside the school environment. During leisure time, girls

are usually less active than boys [17], whereas PE participation is not

related to overall PA levels for boys [18]. This implies that in relative

terms, PA accumulated during the Healthy Lifestyle intervention con-

stituted a higher share of daily PA in girls, causing larger intervention

effects in girls than in boys. Contrary to our study, a recent meta-

analysis of school-based PA programs reported that fitness-oriented

interventions such as the one analyzed here produced larger effects in

boys than in girls [7]. Whether the Healthy Lifestyle intervention

might have provided a larger stimulus for girls than for boys given

girls’ lower daily PA level remains to be confirmed in future studies.

Apart from the relative volume of PA delivered, boys and girls may

need different types of PA to achieve the same effects, and the con-

tents of the intervention examined here might have been more

T AB L E 5 Number of reversed cases of obesity in children across five different durations of participation/nonparticipation

Duration Sex

Control Intervention

Number of
obesity cases

Number of
obesity cases
reversed

Obesity
reversal rate
(per 10,000)

Number of
obesity cases

Number of
obesity cases
reversed

Obesity
reversal rate
(per 10,000) NNT

1 Year Male 1111 9 81 1004 7 69 �886

Female 1119 1 8 829 2 24 659

2 Years Male 666 9 135 573 10 174 254

Female 692 3 43 420 8 190* 68

3 Years Male 428 10 233 338 20 591* 28

Female 466 5 107 203 10 492* 26

4 Years Male 195 12 615 154 16 1038 24

Female 240 6 250 103 8 776* 19

5 Years Male 104 5 480 94 13 1382* 12

Female 138 2 144 54 4 740* 17

*p < 0.05.

Abbreviation: NNT, number needed to treat.
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appropriate for girls than for boys. In addition, the earlier maturation

of girls might have confounded the intervention’s effects on BMI,

although we adjusted the analyses for height percentile to reduce this

effect. Notwithstanding the increase in the BMI of girls during

puberty due to the increase in subcutaneous fat, the reduction of BMI

in this study was still more pronounced in girls than in boys.

We found that the Healthy Lifestyle intervention produced very

large and clinically meaningful differences in BMI compared with the

control condition, particularly in children with overweight and obe-

sity. At the same time, it must be noted that BMI is not the most

accurate estimate of adiposity because of a well-known limitation to

its ability to distinguish between fat and muscle mass [19]. Thus, PA

interventions could have positive effects on children with over-

weight or obesity by changing their body composition and altering

their risk of the possible future health impairments associated with

excess body fat, even in the absence of changes in body weight.

Consequently, the effects of the Healthy Lifestyle intervention on

body composition could be even higher than reported in this study if

fat mass could have been used instead of BMI as an outcome mea-

sure. A study including children aged 7 to 17 years with obesity

showed that even a small reduction in the BMI z score (≥0.00 to

<0.10) improved health markers such as insulin sensitivity, which

reduces the risk of future noncommunicable diseases [20]. Stan-

dards for BMI z score reduction for each baseline-weight-status sub-

group of children and adolescents do not exist, which makes it

difficult to evaluate the effectiveness of an intervention that is

based exclusively on BMI values rather than on BMI values and addi-

tional health markers, limiting the reliability of conclusions about the

intervention’s clinical effectiveness. Although we adjusted for matu-

ration effects 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.

Although we focused our analyses on weight-related outcomes,

there are several other benefits incurred by a fitness-oriented PA pro-

gram such as the one analyzed here. An unhealthy weight status is

associated with an increased risk of several chronic diseases, including

diabetes, cardiovascular diseases, osteoarthritis, and some types of

cancer [21]. Obesity is one of the main modifiable risk factors for insu-

lin resistance in children and adolescents [22]. In addition, in children

with obesity, adequate PA and an appropriate fitness level represent a

favorable cardiovascular predictor despite excess adiposity, and good

cardiovascular health can serve as a component that is protective

against heart-related disease, even in childhood [23].

We found that Heathy Lifestyle was effective in reversing obe-

sity, reaching its highest efficiency after 5 years of participation.

Unsurprisingly, the longer the intervention lasts for a given child/

youth, the more profound the potential treatment effect is, keeping in

mind the concept of obesity as a chronic disease. Even though our

intervention lasted 8 years, we were forced to limit data analyses to

5 years of participation because the number of children who persisted

more than 5 years was less than 800 among boys and less than

500 among girls. Hence, it remains to be seen whether programs that

last more than 5 years are accompanied with a further reduction in

NNT statistics. Our findings are in line with a small-scale study from

Denmark that provided NNT estimates of an intensive PE program to

prevent overweight or obesity in a cohort (N = 1009) of 5- to

12-year-old children [24]. The authors calculated that 18 children,

irrespective of their weight status, would need to participate in

270 min/wk of PE for 2 years to prevent one additional case of over-

weight or obesity compared with the usual PE lasting 90 min/wk [24].

Although the study was not powered to detect effects exclusively in

children with overweight, the fact that the effect was considerably

higher when children with overweight were included in the analyses

implies that there was also a significant treatment effect present.

Taken together, these results, along with universal coverage and high

participation rates, provide evidence for intensive compulsory PE as a

viable and effective solution for childhood obesity prevention at the

population level.

Scaling up public health interventions within real-world settings

addresses public health when these interventions are vast in size

and when they have an adequate extension to reach a larger propor-

tion of the targeted population [25]. The drawbacks and risks associ-

ated with scaling up and real-world setting immersion are commonly

related to a lack of funding and the consequential poor intervention

implementation and loss of effectiveness [26]. This is exactly what

happened to the population-based, scaled-up intervention analyzed

in this study; when funding was limited for 1 year (i.e., 2015/2016)

because of a legislative impediment, a reduction of the beneficial

effects of the intervention on obesity-related outcomes was

observed. On the other hand, only 2 of the 216 schools voluntarily

decided to discontinue the intervention. Moreover, the large drop-

out of children after 5 years of the program noted in this study is

mostly a natural phenomenon. Namely, many children who were in

grade 4 when they started the program finished primary school after

5 years and continued their high school education. The sustainability

of interventions across longer periods, when implemented in an

entire population of school-aged children and adolescents, must be

ensured for favorable outcomes to be present continuously. This is

supported by the World Health Organization’s recommendation,

which emphasizes that interventions lasting more than a year should

provide larger effects than shorter ones [27], but at the same time it

shows that the recommended 1-year minimum might not be enough

to achieve substantial results in reversing the current childhood obe-

sity epidemic. Additionally, because the largest differences in BMI

reduction between groups were present after 3 years of involve-

ment, a continuous, all-in approach on every level, including funding,

of the intervention is crucial.

The successful implementation of the program was supported by

PE teachers, who possess more specific knowledge on PA than class-

room teachers. A meta-analysis of interventions focusing on PE les-

sons showed that an effective intervention approach included

appropriate instructions alongside class organization and management

[28]. Moreover, PE teachers are more successful than classroom

teachers in terms of enhancing the physical fitness of children

because of their higher competence in planning and delivering PE les-

sons [29].
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This study has many strengths: (1) the population-level, scaled-up

intervention was delivered exclusively by PE specialist teachers in

real-world settings; (2) the large number of children of diverse ages

contributed to a higher generalizability of our findings; (3) the longitu-

dinal design implemented over a very long, 5-year period allowed us

to infer a causal relationship between the intervention and obesity-

related outcomes, while also allowing us to examine the sustainability

of the effects over a longer intervention period; (4) the analyses were

stratified by sex, providing even more specific insight into the effects

of the intervention; (5) the models adjusted for several important

covariates—the baseline school-level obesity prevalence, economic

affluence of the local environment, individual baseline risk of obesity,

and individual maturation rate; (6) we controlled for maturation

effects, which can blur the actual decline in body mass because of the

increased accumulation of subcutaneous fat before the growth spurt

and because of the increased gains in muscle mass in boys entering

puberty and in fat mass in girls entering puberty [30, 31]; and (7) the

program was delivered by specialist PE teachers rather than by less

competent (in terms of PA instruction) classroom teachers or other

professionals.

There are also several limitations that deserve highlighting.

First, BMI is not the most accurate estimate of adiposity because

of a well-known limitation to its ability to distinguish between fat

mass and muscle mass [19]. Still, BMI is considered a feasible out-

come variable because measuring BMI is noninvasive and is an eas-

ily applicable method in the context of ethical requirements and

legislative regulations. Second, we used the height percentile as a

proxy for the maturation rate, which is not an ideal measure of

maturation because it only shows the percentile deviation from

the expected height. Although higher percentiles at the time of the

pubertal growth spurt are indicators of accelerated growth, this

indicator is less reliable in preadolescent individuals. Third, we

were unable to collect information about dietary habits, PA outside

the intervention, or screen time, which represent important factors

in childhood obesity management. In addition, there are also sev-

eral other important determinants of obesity and weight change

(other than diet and PA) that were not recorded in this study and

were thus not included in analyses. Examples are genetic variation,

epigenetics, endocrine disease, central nervous system pathology,

sleep, infection, and socioeconomic and cultural factors [32].

Fourth, as this is a natural experiment and not a randomized con-

trol trial, we acknowledge the possibility of sampling bias due to

the nonrandom, voluntary enrollment approach used in the study.

Thus, it is possible that some children and adolescents who may

have been prone to behavior change would have wanted to be a

part of this intervention, as opposed to children with the opposite

characteristics, who might have been more likely to decline partici-

pation. Nevertheless, baseline differences between the control

group and the experimental group in terms of BMI and triceps

skinfold thickness were small to trivial. In addition, we included the

baseline risk of obesity and school-level prevalence of obesity as

covariates in all analyses to reduce the possible effects of sampling

bias. Fifth, we do not have information on adherence, but the fact

that the intervention was mandatory after enrollment underlined

the importance of attending the predetermined program and guar-

anteed high attendance rates. Sixth, although the additional PE les-

sons provided within this intervention were organized to take

place immediately after the end of regular school hours, they were

not integrated into the obligatory curriculum. Although this fact

has not affected participation rates in our context, we acknowl-

edge that this might raise additional implementation barriers in

other educational systems (e.g., transportation issues). Last, while

horizontally scaling up the intervention, we were not able to col-

lect other implementation outcomes across the various schools

and participation years.

CONCLUSION

A school-based PA intervention that provided additional PE lessons

remained effective in the prevention of obesity after scaling up. The

greatest effect was present in children initially presenting with obe-

sity, such that the program was able to benefit children needing sup-

port the most. The NNT for obesity reversal decreased as the

intervention duration increased, emphasizing the need for long-term

PA programs. Policy makers and funding bodies should be aware that

obesity is a chronic condition that needs to be dealt with over a longer

time frame and that easy solutions and immediate effects are neither

realistic nor sustainable. Last, the population-scaled PA intervention

analyzed here was shown to be more effective among girls than

among boys, particularly for children living with overweight or obesity

at the start of the program. The reasons for this sex inequality need to

be elucidated to guide the design of more equitable future PA pro-

grams in schools.O

AUTHOR CONTRIBUTIONS

Maroje Sori�c and Gregor Starc formulated research questions and

designed the study. Gregor Starc and Gregor Jurak developed the

data collection system, and Gregor Starc was responsible for data

extraction and curation. Gregor Starc conducted data analyses with

the help of Petra Juri�c. Petra Juri�c wrote the initial draft of the manu-

script with input from Maroje Sori�c and Gregor Starc. All authors were

involved in the interpretation of the data and critically revised the

manuscript for important intellectual content. All authors accept

responsibility for the decision to submit for publication.

ACKNOWLEDGMENTS

The authors thank the voluntary investigators, children, and parents

involved in SLOfit, an ongoing, multidisciplinary population and citizen

science fitness surveillance system. The data that support the findings

of this study are available on request from the corresponding author

(Petra Juri�c). The data are not publicly available because of restrictions

related to information that could compromise the privacy of research

participants.

820 EFFECTIVENESS OF A SCALED-UP INTERVENTION

 1930739x, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/oby.23695 by C

ochrane C
roatia, W

iley O
nline L

ibrary on [05/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



FUNDING INFORMATION

The current analysis was conducted within the Science and Technol-

ogy in childhood Obesity Policy (STOP) project, funded by the Euro-

pean Commission’s Horizon 2020 research and innovation program

under grant agreement number 774548. The content of this docu-

ment reflects only the authors’ views, and the European Commission

is not liable for any use that may be made of the information it con-

tains. Limited nonspecific funding was also provided by the Slovenian

National Research Agency program P5-0142: Bio-Psycho-Social Con-

text of Kinesiology. Petra Juri�c’s work was funded by the Croatian Sci-

ence Foundation (grant number DOK-2018-09-8532).

CONFLICT OF INTEREST

The authors declared no conflict of interest.

ORCID

Petra Juri�c https://orcid.org/0000-0002-6514-107X

REFERENCES

1. Abarca-G�omez 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 mea-

surement studies in 128�9 million children, adolescents, and

adults. Lancet. 2017;390(10113):2627-2642. doi:10.1016/S0140-

6736(17)32129-3

2. World Obesity and World Health Organization. Taking Action on

Childhood Obesity Report. WHO; 2018.

3. Bleich SN, Vercammen KA, Zatz LY, Frelier JM, Ebbeling CB,

Peeters A. Interventions to prevent global childhood overweight and

obesity: a systematic review. Lancet Diabetes Endocrinol. 2018;6(4):

332-346. doi:10.1016/S2213-8587(17)30358-3

4. Wang Y, Cai L, Wu Y, et al. What childhood obesity prevention pro-

grammes work? A systematic review and meta-analysis. Obes Rev.

2015;16(7):547-565. doi:10.1111/obr.12277

5. Summerbell CD, Waters E, Edmunds LD, Kelly S, Brown T,

Campbell KJ. Interventions for preventing obesity in children.

Cochrane Database Syst Rev. 2005;(3):CD001871. doi:10.1002/

14651858.CD001871.pub2
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