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Abstract

This dissertation identified the most effective programs in the school environment aimed at
combatting childhood obesity, provided evidence for the effectiveness of a long-lasting
program at the population level, and offered evidence for a time-efficient intervention within
physical education (PE) as a tool to improve fitness among students. It includes three distinct

studies with related research questions and aims.

Study 1 involved a systematic search of the literature performed to compare the effects of
interventions that targeted reduction of sedentary behaviours or increase of physical activity
(PA) or physical fitness on primary prevention of obesity in 6- to 12-year-old children. The
search identified 146 reports that provided relevant data for meta-analysis. Point estimates in
% body fat were higher for fitness interventions compared with PA interventions (standardised
mean difference = —0.11%; 95%CI = —0.26 to 0.04, and —0.04%; 95%CI = —0.15 to 0.06).
Including sedentary behaviour in a PA- or fitness-oriented intervention was not accompanied
by an increase in intervention effectiveness as evidenced by the point estimates being slightly
smaller compared with those for PA- or fitness-only interventions. Overall, the effects tended
to be larger in girls than in boys, especially for PA + sedentary behaviour interventions. There
was some evidence of inequality in that the effects on body mass index (BMI) were seen when
interventions were delivered in the general population (standardised mean difference = —0.05,
95%CI = —0.07 to —0.02), but not in groups of disadvantaged children (standardised mean
difference = —0.01, 95%CI =—0.29 to 0.19).

Study 2 involved an examination of the effectiveness of a population-based, real-world,
long-duration, PA intervention for children aged 6-14 in Slovenia, called Healthy Lifestyle.
The intervention provided two or three additional lessons of PE per week. Although the focus
was the improvement of physical fitness, it examined the intervention’s effectiveness from the
perspective of body mass index (BMI) units decreased and obesity cases reversed. The study
studied over 34,000 participants from the Healthy Lifestyle project/cohort and compared their
results with a matched sample of nonparticipants from the same schools. It employed
generalised estimating equations to assess the effects of different durations of exposure to the
program on BMI (from 1 to 5 consecutive years of participation) in children who enrolled with
normal weight, overweight, or obesity at the start of the program. The intervention group had a

significantly greater reduction in BMI than did the control group across all participation



durations and irrespective of baseline weight status. The largest effect was observed in girls
with obesity at baseline, whose BMI was 1.4 kg/m? lower after 3 years of intervention compared
with controls. The reversal of obesity was more pronounced in girls for whom statistically
significant differences were observed between the control and intervention group after 2 years
(¥?(1,1112) = 5.776, p = 0.016), 3 years (x*(1, 669) = 9.570, p = 0.002), 4 years (¥*(1, 343) =
5.107, p = 0.024), and 5 years of participation (x?(1, 192) = 4.551, p = 0.033). In boys, obesity
reversal-rate differences between intervention and control groups attained statistical
significance only after 3 years (x2(1, 766) = 6.435, p = 0.011) and 5 years (x2(1, 198) = 4.863,
p = 0.027) of participation. Also, the number needed to treat (NNT) decreased steadily with the
duration of the program in both sexes, with generally lower numbers for girls. The lowest NNTs
were seen for 5 years of participation in the program (NNT = 17 and 12 for girls and boys,
respectively). The proportion of obesity cases stratified by intervention participation and sex
across all five years was 5-7%. Notably, a reduction in intervention effectiveness was evident
in the year the program was hindered by a lack of funding. Intervention was effective with the
largest BMI reduction in children presenting initially with obesity, and smallest in normal-
weight children, indicating that the PA intervention(s) were able to benefit the children needing

it most.

Study 3 determined the efficacy of a high-intensity interval training (HIIT) intervention
lasting 12 weeks on the health-related fitness and adiposity of 10- to 15-year-old students
implemented during PE. The focus of this study was to compare two approaches for increasing
fitness level among adolescents, one approach focusing on regular PE sessions in accordance
with the curriculum and the other on regular PE classes augmented by HIIT. A cluster
randomised control trial (RCT) (pretest/posttest) was conducted. The total number of students
across both groups was 207. | used general linear models to compare fitness and adiposity
changes in both groups based on the Eurofit fitness test battery. A significant effect of the HIIT
intervention was present for the 20-meter shuttle-run test scores (p = 0.001). The effect of the
intervention compared with the control was estimated as an additional 181.2 metres, 95% CI
(70.4 to 292.0). An additional intention-to-treat (ITT) analysis showed that the effect of the
HIIT intervention on the 20-meter shuttle-run test remained statistically significant (p < 0.011),
although the magnitude of the estimated effect was reduced from 181.2 meters; SE = 55.4 to
119.6 meters; SE = 46.4. The effect on the 20-meter shuttle run test scores occurred with a
relatively low dose of HIIT in PE lessons undertaken twice a week. Whilst it appears HIIT had

the opposite of the expected effect on body fat percentiles, the effect on body composition was
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inconsistent. The effect of the regular PE classes compared to HIIT intervention is estimated as
2.76 percentiles, 95% CI (0.3, 5.1), with lower values among controls. However, this was also
no longer evident following the ITT analysis (from p=0.03 to p=0.086). The intervention is
registered with the Australian New Zealand Clinical Trials Registry (ANZCTR)
[ACTRN12622000209796].

The overall and final conclusion resulting from this dissertation is that school-based PA
programs represent a powerful tool for obesity management and cardiorespiratory fitness (CRF)
enhancement. Tailoring interventions toward increasing fitness among children and adolescents
should be a priority because these interventions have a twofold benefit: 1) they are effective in
preventing and treating obesity, and 2) if implemented using an HIIT approach, they can
effectively increase CRF in a relatively short period of time. A scaled-up, long-lasting approach
should be the goal of any intervention because this approach was shown to be effective not only
for preventing obesity but also for reversing obesity among children and adolescents. The
longer the intervention lasts, the more effective it becomes, especially for individuals who need

the intervention the most, that is, those who suffer from obesity.
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EXTENDED ABSTRACT IN CROATIAN LANGUAGE (PRODUZENI
SAZETAK NA HRVATSKOM JEZIKU)

Glavni cilj ove doktorske disertacije bio je ispitati ucinke razli¢itih Skolskih programa
povezanih s tjelesnom aktivno$éu na prevenciju pretilosti i poboljSanje fitnesa. U ovoj
disertaciji identificirani su najucinkovitiji programi u Skolskom okruZzenju usmjereni na
prevenciju pretilosti u dje¢joj dobi (studija 1), pruzeni dokazi o ucinkovitosti dugotrajnog
programa tjelesne aktivnosti na populacijskoj razini (studija 2) i ponudeni dokazi za vremenski
ucinkovitu intervenciju visoko intenzivnog intervalnog treninga unutar nastave tjelesne i
zdravstvene kulture, kao alata za poboljSanje fitnesa ucenika i ucenica (studija 3). Ova
disertacija imala je trostruku svrhu: 1) izvr$iti sustavni pregled i meta-analizu kako bi se
usporedili ucinci $kolskih intervencija usmjerenih ka sjedilackom ponasanju, tjelesnoj
aktivnosti ili fitnesu na prevenciju djecje pretilosti; 2) ispitati u¢inke populacijske, dugotrajne,
fitnes orijentirane intervencije tjelesne aktivnosti kod ucenika slovenskih osnovnih Skola na
prevenciju pretilosti; 3) utvrditi djelotvornost tromjeseéne intervencije temeljene na
intervalnom treningu visokog intenziteta uklopljenog u satove tjelesne i zdravstvene kulture na
zdravstveni fitnes ucenika. Rezultati ovog istrazivanja pomoc¢i ¢e u optimizaciji 1 davanju

prioriteta Skolskim programima tjelesne aktivnosti u prevenciji djecje pretilosti.

Metode Studija 1

Ova studija ukljucivala je sustavni pregled 1 meta-analizu studija koje izvjeStavaju o ucincima
Skolskih politika povezanih s tjelesnom aktivnos¢u na ishode povezane s pretilos¢u. Pretrazili
su se MEDLINE, The Cochrane Central Register of Controlled Trials (CENTRAL), Scopus,
LILACS, OpenGrey, Open Access Thesis and Dissertations, Clinical Trials i WHO
International Clinical Trials Registry. Recenzirane studije objavljene od 1.1.1994. uzete su u
obzir. Istrazivacko pitanje dizajnirano je pomocu PICOT okvira, koriste¢i MeSH pojmove u
Medline plus pretrazi kljucnih rije¢i. Kriteriji uklju¢ivanja bili su: (1) randomizirani ili
nerandomizirani kontrolirani pokus, studija sa kontrolom prije i poslije ili prirodni pokus; (2)
kontrolna grupa; (3) ispitanici od 6 do 12 godina (srednja vrijednost godina na pocetku studije
= 5.5 do 12.49); (4) intervencije bilo kojeg trajanja usmjerene na: a) povecanje tjelesne
Skolskom okruZenju; (6) nastavak pracenja u trajanju od minimalno 12 tjedana od pocetka
intervencije; (7) mjereni ishodi povezani sa pretiloS¢u. Ekstrahirale su se sljede¢e informacije:

autori, godina, period studije, broj Klastera i ispitanika, demografske karakteristike, detalji o
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tipu intervencije i sadrzaju, trajanje intervencije i perioda pracenja, i Stetni ishodi. Ishodi
povezani sa pretiloS¢u zasebno su se ekstrahirali. Koristeni su Cochrane “Rizik od pristranosti”
alat za procjenu za randomizirane studije i modificirana Newcastle-Ottawa skala za
nerandomizirane studije. Studije koje su ukljucivale sljedeé¢e ishode uklju¢ene su u ovaj
sustavni pregled: indeks tjelesne mase, indeks tjelesne mase z-vrijednosti i % tjelesne masti,
opseg struka, te ucestalost i zastupljenost pretilosti. Meta-analiza provedena je pomoc¢u modela
slu¢ajnih ucinaka koji uzima u obzir heterogenost unutar i izmedu studija. Pristranost
publikacija procijenila se uz pomo¢ Egger testa na asimetriju. Intervencije koji su utjecale na
tjelesnu aktivnost, tjelesni fitnes ili sjedilacki oblik ponaSanja kategorizirane su. Zatim su
intervencije razvrstane na one koji koriste jednu komponentu ili visSe komponenti (tj. tjelesna
aktivnost + sjedilacko ponasanje ili tjelesni fitnes + sjedilatko ponasanje). Analize su
stratificirane po jednokomponentnim i viSekomponentnim intervencijama kao 1 po spolu. Za
analizu osjetljivosti, analize su stratificirane, odvojeno za jednokomponentne i
visSekomponentne intervencije, prema dizajnu studije, riziku pristranosti, razdoblju studije, i

prosjecnoj dob sudionika.

Rezultati Studija 1

Pretragom je identificirao 146 studija koje su pruzile relevantne podatke za meta-analizu.
Procjene bodova u % tjelesne masti bile su veée za fitness intervencije u usporedbi s
intervencijama usmjerenih na tjelesnu aktivnost (standardizirana srednja razlika = —0,11%;
95% CI =-0,26 do 0,04, odnosno —0,04%; 95%CI = —0,15 do 0,06). Ukljucivanje sjedilackog
ponasanja u intervenciju orijentiranu na tjelesnu aktivnost ili fitnes nije bilo popraceno
povecanjem ucinkovitosti intervencije, jer su bodovne procjene bile nesSto manje u usporedbi s
onima za intervencije usmjerene samo na tjelesnu aktivnost ili fitnes. Sveukupno, ucinci su
obi¢no bili ve¢i kod djevojcica nego kod djecaka, posebno za intervencije usmjerena na tjelesnu
aktivnost + sjedilacko ponasanje. Bilo je nekih dokaza za nejednakost, budu¢i da su ucinci na
indeks tjelesne mase vidljivi kada su intervencije provedene u op¢oj populaciji (standardizirana
srednja razlika = —0,05, 95% CI = —0,07 do —0,02), ali ne 1 u skupinama djece u nepovoljnom
polozaju (standardizirana srednja razlika = —0,01, 95% CI =—-0,29 do 0,19).

Zakljucak Studija 1
Skolske intervencije tjelesne aktivnosti u¢inkovita su strategija u primarnoj prevenciji pretilosti
kod djece od 6 do 12 godina starosti, ali usmjerenost na smanjenje sjedilackog ponasanje uz

povecanje tjelesne aktivnosti ili fitnesa ne doprinosi povecanju u¢inkovitosti intervencije.
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Metode Studija 2

Nacionalna intervencija ,,Healthy Lifestyle® provodena je u Sloveniji od 2011 do 2018.
Intervencijom je osigurana svakodnevna nastava tjelesna aktivnost za djecu od 6 do 14 godina.
Intervencija je bila organizirana u obliku izbornog predmeta na temelju dobrovoljnog
sudjelovanja 1 bila je dostupna svoj djeci. Prvi krug uklju¢ivanja zapoceo je sa 78 Skola u
Skolskoj godini 2010/11., 32 u 2011/12., 19 u 2012/13., 17 u 2013/14., 16 u 2014/15., 33 u
2015/16., 8 u 2016/17. 1 13 u 2017/18., Ukupno je bilo uklju¢eno 216 skola (izmedu 18000 i
35000 ucenika) tijekom zadnje godine provedbe. Kako bi se uocile moguce promjene u
zastupljenosti pretilosti, potreban je bio podatak o zastupljenosti prije pocetka programa.
Ukljuéeni su oni udenici koji su sudjelovali najmanje jednu godinu u intervenciji. Stovise, u
analizu su bila uklju¢ena samo ona djeca koja su upisana u pojedinu Skolu ve¢ godinu dana
prije prvog ukljucivanja Skole u intervenciju. Oko 30000 bilo je uklju€eno u intervencijsku
skupinu, a oko 35000 djece ¢inilo je kontrolnu skupinu. Kvazi-eksperimentalni nacrt koristio
se na temelju usporedbe intervencijske i kontrolne skupine s brojem uzastopnih godina
sudjelovanja ili nesudjelovanja u intervenciji. Hi-kvadrat test koristio se za provjeru po¢etnih
razlika u broju djecaka i djevojCica u intervencijskoj i kontrolnoj skupini, a t-test za nezavisne
uzorke za provjeru osnovnih razlika u dobi, triceps koznom naboru, visini i pocetnoj
prevalenciji pretilosti u pojedinoj $koli ispitane na temelju podataka dobivenih putem SLOfit
sustava pracenja izmedu intervencijske 1 kontrolne skupine. Jednadzba generalizirane procjene
koristila se za analizu mogucéeg ucinka intervencije na zastupljenost pretilosti u intervencijskoj

1 kontrolnoj skupini. Statisticka znacajnost bit ¢e postavljena na a = 0,05.

Rezultati Studija 2

Intervencijska skupina imala je znacajno vece smanjenje trenda porasta indeksa tjelesne mase
od kontrolne skupine tijekom svih pet mogucih trajanja sudjelovanja i bez obzira na pocetni
status tjelesne mase. Najveci ucinak primijeéen je kod djevojCica s pretilos¢u na pocetku
intervencije, ¢iji je indeks tjelesne mase bio 1,4 kg/m2 nizi nakon 3 godine intervencije u
usporedbi s kontrolama. Preokret pretilosti prema normalnoj tjelesnoj masi bio je izraZeniji kod
djevojc€ica za koje su primijecene statisti¢ki znacajne razlike izmedu kontrolne i intervencijske
skupine nakon 2 godine (x2(1,1112)=5,776, p=0,016), 3 godine (¥2(1,669)= 9,570, p=0,002),
4 godine (x2(1, 343)=5,107, p=0,024) i 5 godina sudjelovanja (y2(1, 192)=4,551, p=0,033).
Kod djecaka, razlike u stopi preokreta pretilosti izmedu intervencijske i kontrolne skupine

dosegnule su prag statisticke znacajnosti tek nakon 3 godine (y2(1, 766)=6,435, p=0,011) i 5

iX



godina (x2(1,198)=4,863, p= 0,027) sudjelovanja. Potreban broj uklju¢ene djece da bi se
preokrenuo jedan slucaj pretilosti takoder se ravnomjerno smanjivao s trajanjem programa u
oba spola, s opcenito nizim brojevima za djevojcice. Najnizi brojevi zabiljezeni su za 5 godina
sudjelovanja u programu (17 odnosno 12 za djevojéice 1 djeCake). Takoder, smanjenje
ucinkovitosti intervencije bilo je vidljivo u godini kada je program bio ometen nedostatkom

financijskih sredstava.

Zakljucak Studija 2

Utvrdeno je da je intervencija tjelesne aktivnosti na populacijskoj razini provedena u stvarnim
uvjetima usmjerena na djecu 1 adolescente u dobi od 6 do 14 godina u¢inkovita u smanjenju
stope pretilosti. Stovise, ta su smanjenja bila najve¢a kod djece koja su u poéetku imala
pretilost, a najmanja kod djece normalne tjelesne mase, Sto znaci da je intervencija najvise

koristila onoj djeci kojoj je bila i najpotrebnija.

Metode Studija 3

Ova intervencija provedena je u jednoj osnovnoj Skoli u Zagrebu tijekom drugog polugodista
Skolske godine 2021/2022. Intervencija je pruzila dva podrazaja visoko intenzivnog intervalnog
treninga tjedno uklopljena u nastavu tjelesne i zdravstvene kulture djeci od 10 do 15 godina
starosti. Intervencijska skupina zapocinjala je svaki nastavni sat sa 10 minuta visoko
intenzivnog programa. Petra Juri¢, mag. cin. provodila je intervenciju te je bila potpuno
ukljucena u proces provedbe. Studenti Kinezioloskog fakulteta, Sveucilista u Zagrebu trenirani
za postupke myjerenja, provodili su ista s punom transparentnoS¢u, zasljepljeni od grupne
raspodijele. Efekti intervencije procijenili su se prije pocCetka intervencije, te nakon tri mjeseca
provedbe. Vezano uz prijenos instrumenata, isti su se kalibrirali prije svakog novog ciklusa
uporabe, dok je prijenos biti izveden uz mjere opreza s ciljem minimiziranja mogucénosti
oste¢enja. Netaknuti razredi nasumicno su se podijeliti u intervencijsku ili kontrolnu skupinu.
Izvjesce o zdravstvenom statusu dostavio je roditelj, a utvrden je od strane lije¢nika. Glavni cilj
intervencije bio je poboljSanje zdravstvenog fitnesa kao primarnog ishoda, te pretilost kao
sekundarnog ishoda. Proveo se klaster randomizirani kontrolirani pokus. Intervencijska skupina
provodila je visoko intenzivan intervalan trening na pocetku nastave, a kontrolna uobicajenu
nastavu propisanu planom i programom. Eurofit baterija testova koristila se za procjenu u¢inaka
intervencije. Op¢i linearni modeli koriSteni su za usporedbu konaénih vrijednosti fitnessa i

adipoznosti izmedu intervencijske 1 kontrolne skupine, prilagodenih za pocetne rezultate



testova, pocetnu dob, pocetne vrijednosti percentila postotka tjelesne masti i spola pomocu

MinitabTM statistickog softvera.

Rezultati Studija 3

Znacajan ucinak intervencije bio je prisutan za rezultate 20-meter shuttle run testa (p=0,001,;
d=0,31). U¢inak intervencije u usporedbi s kontrolom procijenjen je kao dodatnih 181,2 metra,
95% CI (70,4 do 292,0). Dodatna analiza namjere lijeCenja (eng. intention-to-treat) pokazala je
da je uc¢inak intervencije na 20-meter shuttle run testu ostao statisticki znacajan (p<0,011), iako
je veli¢ina procijenjenog ucinka smanjena sa 181,2 metra; SE=55,4 na 119,6 metara; SE=46,4.
lako se ¢ini da je intervencija imala suprotan ucinak od ocekivanog na vrijednosti percentila
postotka tjelesne masti, ovaj anomalicni statisti¢ki dogadaj vise nije bio vidljiv nakon analize

namjere lijecenja.

Zakljucak Studija 3

Utvrdeno je da je tromjesecna intervencija visoko intenzivnog intervalnog treninga koja se
provodila na redovnoj nastavi tjelesne 1 zdravstvene kulture ucinkovita za poboljSanje
kardiorespiratornog fitnesa procijenjenog putem rezultata testa tr€anja. Taj se uc¢inak dogodio
s relativno niskom dozom visoko intenzivnog intervalng treninga. U¢inkovitost intervencije na
kardiorespiratorni fitness odrzana je ¢ak i nakon koriStenja analize namjere lijeCenja, Cineci

naSe zakljucke jos ja¢ima s najviSom razinom klinickih dokaza.
Kljucne rijeci: indeks tjelesne mase, tjelesna masnoca, prekomjerna tezina, pretilost, vrijeme

ispred ekrana, djeca, adolescenti, tjelovjezba, prirodni eksperiment, kardiorespiratorni,

intervencija, Skola.

Xi



Outline

This dissertation contains six chapters. Chapter 1 comprises a general introduction to the
scientific problem, research questions and aims, as well as a list of research studies. Chapter 2
contains a description of basic concepts and definitions (i.e., obesity, physical activity, and
fitness). Chapter 3 contains the first publication. Chapter 4 contains the second publication.
Chapter 5 contains the third publication. Chapter 6 contains a general conclusion that
integrates all three studies and identifies strengths and limitations as well as perspectives for
future research. Following this, in appendices, supporting information for the studies is

provided.
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Chapter 1

Introduction

1.1 Introduction

The prevalence of childhood overweight and obesity has increased globally since the 2000s,
particularly in economically advanced countries (1). Over the last 40 years, childhood obesity
increased worldwide, with a dramatic eightfold rise in 5- to 19-year-old individuals compared with
children under the age of 5 (2). 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 (3). The present global obesity
pandemic has laid the groundwork for increases in numerous noncommunicable diseases (NCDs) (4),
which are no longer exclusively observed in adults but are becoming more frequent in younger
populations as well. Decreased levels of physical activity in children, often accompanied by increased
screen time, when paired with excess caloric intake, cause significant energy imbalance, contributing
to the accumulation of adipose tissue (5). Additionally, the presence of an individual adipose condition
increases a propensity toward behaviours that contribute to subsequent fat-mass accumulation (6).
Although there is no straightforward proof of a causal relationship between reduced physical activity
and adiposity (7), a recent study showed that replacing 1 hour of sitting tasks with moderate to vigorous
forms of movement increases the estimated drop in body mass index (BMI) by more than seven times
(8). Given the rise in number of children with obesity from 11 million in the 1970s to 124 million in
2016 (9), together with direct and indirect costs to the health care system (10), the need to implement
convenient and controlled approaches on a global scale in order to prevent, and ultimately stop, this

pandemic become obvious.

From childhood to adolescence, PA declines with age, then increases with age during young
adulthood (ages 20-30), stabilizes during middle age (ages 31-59) and declines with age at the end of
middle life and the beginning of older adulthood, corresponding to PA levels at the end of adolescence
(11). However, the majority of adolescents do not have favourable amounts of PA per week, with the
same trend continuing into adulthood (12), despite an increase in PA after adolescence. This highlights
the need for more longitudinal trails with a strict focus on increasing PA among children and
adolescents and changing behaviour from inactivity towards activity. Schools are considered excellent
places to implement lifestyle interventions aimed at preventing and controlling obesity. Today,
schooling is obligatory in most countries which makes schools perfect places for a reduction of many

health problems and for preventing further health complications. Children and adolescents spend much



of their time in the school environment during weekdays (13, 14), excluding holidays, so a large
number of young people can be reached simultaneously. Also, schools represent a convenient setting
with powerful influences from teachers and peers (15). Compellingly, interventions are more effective
in childhood than later in life due (in part) to a higher sensitivity to external influences (16). The
sedentary character of most academic activities needs to be balanced with more comprehensive
opportunities for physical movement that could encourage an increase in energy expenditure and
introduce the benefits of physical activity (PA), not only on health but also on academic performance
(17). It has been repeatedly shown that the greatest effects of school interventions on body weight are
exhibited when movement is involved (18, 19, 20). Moreover, interventions lasting a longer period
usually result in better and larger effects in comparison with shorter interventions (21). Hence, the
World Health Organization (WHQO) recommends programs lasting at least 1 year that involve many
forms of movement, an optimal caloric intake, and parental involvement (17). Therefore, a school-
based program that includes PA as a health component positively affecting well-being can serve as an
important contributing feature in childhood obesity management, especially when led by experienced
physical education (PE) professionals (18).

To be able to implement interventions in the school environment, it is necessary to address common
gaps between school policies and actual implementation. Also, it is important to overcome deficiencies
in school curricula, especially in countries where there is a greater focus on competitive rather than
health-oriented activities (19). There is also an existing gap where specific characteristics of
successfully implemented PA interventions are not specified. None of the previous studies compared
interventions with a different type of energy expenditure component targeted nor documented and
analysed specific elements of PA programs (18, 19, 20, 25, 26, 27, 28, 29). Also, several studies were
restricted to certain research designs (26, 29), to high-income countries (19) or to a single obesity-
related outcome (27, 28). This prevented a precise organisation of interventions for priority groups of
children and an adaptation of interventions according to the needs of specific groups of children and
adolescents. Furthermore, there is a lack of studies that provide a comprehensive overview of the
majority of the population, which makes it impossible to generalize the findings, and although there
are longitudinal data (30, 11), solid evidence of the sustainability of the effects over a long period of
the intervention is lacking. Further, not only do we not know about the specific characteristics of
interventions important to obesity prevention and cardiorespiratory fitness (CRF), but there is also a
shortage of information about how to maximize the programs we do have for public health benefit.
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
settings, usually without implementation on a large scale, or scalable, population-based approaches
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(31). Recognising this limitation, researchers are calling for PA interventions to be scaled up (32) and
include children from diverse strata of society (33—-35). The current lack of successfully implemented
school-based PA interventions in real-world settings impedes the fight against the childhood obesity
pandemic (36, 31). Even if a PA intervention is scaled up and includes a large number of children, it
can be susceptible to poor implementation if the staff who are providing the field-implemented PA are
not trained for specific conditions associated with such an intervention (37). Interventions can also be
affected by external factors such as discontinuous funding or poor political decisions (38, 39). One of
the most frequently identified obstacles affecting the sustainability of the intervention is lack of future
financial support as an external factor and limited time, facilities, equipment and internal funding as
internal factors. In order to facilitate the sustainability of the intervention in schools, care should be
taken to manage these factors (40, 41). Typically, the effects of PA interventions remain at 75% or less
of the effects reported in pre-scale-up efficacy trials (42), where lack of implementation models could
potentially explain this decrease in efficacy (43). With known barriers to implementation and scale-up
like time, cost, lack of resources and infrastructure, identifying time efficient strategies that impact

fitness (e.g., high intensity interval training) is important.

Regardless of adiposity, low fitness levels can lead to a higher risk for cardiovascular diseases and
diabetes, not only in children with excess weight but also in normal-weight individuals (44).
Widespread lack of PA is associated with declining physical fitness among children and adolescents
(45), with trends most likely continuing into adulthood (46). Several studies have demonstrated
declining CRF (47-49), flexibility (50), and strength among children and youth (51). Nevertheless,
poor physical fitness is a strong predictor of many NCDs in many countries (52-55). CRF, muscular
fitness, and speed are all inversely correlated with overall adiposity in children (56), with abdominal
adiposity also being a strong inverse correlate among adolescents (57). Because most NCDs start
developing during youth (58), the need for implementation of more-effective solutions to enhance

physical fitness tailored according to the needs of children and adolescents becomes evident.

Given that projected obesity-related morbidity incidence rates and all-cause mortality are very high,
in addition to the anticipated costs for health care and economic losses (9), it is important to implement
convenient and controlled approaches on a global scale and to monitor their effectiveness in order to
slow down and ultimately reverse obesity pandemic. It has been established that the obesity pandemic
is a consequence of reduced PA, often a result of increased sedentary time (59) and changed dietary
habits (60). Strong evidence supports favourable outcomes of obesity prevention programs that include
PA aimed at reducing BMI, especially in children aged 6 to 12 (20). Therefore, this dissertation was

aimed at encompassing PA, physical fitness, and adiposity as equally important and intercorrelated
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components of health during childhood and adolescence (61). Thus, this research focused on
examining the specific determinants that lead to a successful implementation of an intervention that
can prevent and control obesity by addressing PA and improving physical fitness among school-age
children. Furthermore, the substantive evidence shows that school interventions are effective in
managing all three factors but not all have been considered together. This research aimed to explore
the school-based intervention literature using PA, adiposity and fitness as interrelated outcomes. The
primary purpose of this program of research was to more clearly elucidate the characteristics of
effective school-based obesity prevention/control, physical activity and fitness interventions and their
impact on obesity over time. Secondarily, the research also explored the impact of a time efficient
strategy (e.g., high intensity interval training) as a tool to improve fitness among children and
adolescents, given the well-known barriers to implementation like time, cost, lack of resources and

infrastructure.

This dissertation is based on a Scandinavian model. It includes three distinct studies with related
research questions and aims. In all three studies, the effectiveness of various school-based
interventions, including those that were fitness oriented, was analysed. In two studies, two specific
interventions set throughout the school system were evaluated. One of these was a large-scale
intervention in primary school focusing on the effectiveness of scaling up extra PE classes. In the other,
a smaller intervention, also in primary school, the feasibility and effectiveness of a novel, more time-
efficient strategy for improving health-related fitness was examined. This dissertation was done during
the Covid 19 pandemic when the situation was aggravated, so this research was even more urgent and

relevant.



1.2 Research aims and questions

The first two studies are a part of the Horizon 2020 Project Science and Technology in Childhood
Obesity Policy (STOP) conducted at the University of Zagreb. The third study was conducted
separately at Macquarie University.

The aims of all three studies are listed below:

1. To compare the effects of school-based interventions that target sedentary behaviours, physical
activity, or physical fitness on primary prevention of obesity in 6- to 12-year-old children.

2. To examine the effects of a population-based, scaled-up, long-lasting, fitness-oriented physical
activity intervention set across Slovenian elementary schools on obesity prevention in 6- to 14-
year-old students.

3. To analyse the efficacy of a 12-week high-intensity interval training intervention embedded in
physical education classes on health-related fitness and adiposity of 10- to 15-year-old students.

The questions of all three studies are listed below:

1. What types of school-based physical activity interventions represent the most effective solution for

the primary prevention of obesity in 6- to 12-year-old children?

2. Is a population-based, scaled-up, long-lasting fitness-oriented physical activity intervention set

across elementary schools effective for obesity prevention in 6- to 14-year-old students?

3. Is a 12-week high-intensity interval training intervention incorporated into physical education

classes effective for improving health-related fitness and adiposity of 10- to 15-year-old students?



1.3 List of research studies

In order to answer the above questions, this dissertation includes three studies that have been published
or accepted for publication or in the process of review:

1. Podnar H, Jurié P, Karuc J, Saez M, Barcel6 MA, Radman I, Starc G, Jurak G, Puri¢ S, Poto¢nik
ZL, Sori¢ M. Comparative effectiveness of school-based interventions targeting physical activity,
physical fitness or sedentary behaviour on obesity prevention in 6- to 12-year-old children: A

systematic review and meta-analysis

Published in Obesity Reviews.

2. Juri¢ P, Jurak G, Morrison SA, Starc G, Sori¢ M. Effectiveness of a population-scaled, school-
based physical activity intervention for the prevention of childhood obesity. Obesity (Silver
Spring). 2023 Mar;31(3):811-822. doi: 10.1002/0by.23695. PMID: 36811242.

Published in Obesity.

3. Juri¢ P, Dudley DA, Petocz P. Does incorporating high intensity interval training in physical
education classes improve fitness outcomes of students? A cluster randomized controlled trial.
Prev Med Rep. 2023 Feb 4;32:102127. doi: 10.1016/j.pmedr.2023.102127. PMID: 36816767,
PMCID: PMC9932703.

Published in Preventive Medicine Reports.
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Chapter 2

Basic Concepts and Definitions

2.1 The definition of adiposity and obesity

Adiposity refers to the degree of body fat accumulation and is usually associated with an excess of that
fat (62). Therefore, in this dissertation, adiposity is the word most commonly used in relation to excess
fat tissue. Other words used for adiposity (e.g., excess body fat) are overweight and obesity. These
words are also used in this dissertation. However, obesity is defined by an additional feature: as well

as excess adipose tissue, it refers to an increased risk of adverse health outcomes (63).

2.2 Obesity and its detrimental impact on human health

Obesity became one of the major public health concerns during the last century. Since the end of the
19th century, more than 57,000 obesity-related articles have been published (64). This is not surprising
because both overall adiposity and abdominal adiposity are independently related to the risk of death.
A J-shaped relationship between BMI and risk of death indicates that people with lower and higher
BMI values have a higher risk of death compared with those who have optimal values (65).
Interestingly, individuals with lower BMI values accompanied by abdominal adiposity tend to have an
even higher risk of death compared with those who have higher BMI values (65). This is especially
relevant because general medical practice still uses body weight and BMI as primary measures of
adiposity among the general population but neglects visceral body fat, which is proven to increase
cardiometabolic risk irrespective of BMI (66). Even if an individual has excess weight but low levels
of visceral adiposity, a better cardiovascular risk profile is present, and this can be described as
metabolically healthy obesity (67). Further, visceral adiposity is a powerful health biomarker and is
associated with insulin resistance, inflammation, and endothelial dysfunction which indicate the first

step toward atherosclerosis and cardiovascular diseases (68).

Obesity is, and will most likely remain, a global public health problem over the next decades. Even
two decades ago, this pandemic affected 300 million people globally (69) across both developed and
undeveloped countries (70). One decade ago, obesity affected more than 600 million people and had
been associated with 45 comorbidities (71). When considering adiposity during the lifespan, estimated
trends indicate that most of today’s children will suffer from obesity when they reach 35 years of age.
This is especially true for children who have current obesity because their chance of not having obesity

in adulthood drops as they get older (72).



With obesity, a simultaneous worldwide increase in the prevalence of type Il diabetes has occurred
(73), with 90% of this metabolic dysfunction attributed to excess body weight (74). Further, together
with obesity, the incidence of colon cancer has developed significantly, with insulin being the link
between those comorbidities (75). Obesity has also been associated with the incidence and progression
of osteoarthritis (76), obstructive sleep apnea (77), and, together with insulin resistance, to progression
of nonalcoholic fatty liver disease causing many liver complications, especially among people in
developed countries (78).

Although the link between obesity and cardiovascular diseases is proven, most of the evidence is
based on single-timepoint estimates, where optimal levels of CRF largely reduce the negative effects
of obesity on cardiovascular health (64). From there, different cardiovascular outcomes are present
regardless of BMI. Therefore, CRF is the first line of defense against cardiovascular impairments. This
emphasises that enhancing fitness should be a priority and that not all obesity cases should be treated

equally because the relationship between obesity and different diseases is a complex phenomenon.

Furthermore, based on a meta-analysis including longitudinal studies, obesity increases the risk of
depression (79). With obesity, systemic inflammation is usually present (80), which has been linked
with depression (81). Obesity is also associated with cognitive impairment and dementia through

endothelial dysfunction and disruption of the blood-brain barrier (82).

2.3 Obesity during childhood and adolescence

The prevalence of overweight and obesity has become especially marked among children and
adolescents, presenting one of the largest and most serious contemporary public-health concerns (3).
Obesity that transitions from childhood to adulthood leads to a large number of physical morbidities
with serious health consequences (83). Moreover, since 1980, the global prevalence of childhood
obesity has increased by 47% (63). This takes a huge toll on children’s health, leading to a higher risk
of developing several comorbidities including elevated blood pressure, atherosclerosis, elevated levels
of triglycerides and low-density lipoproteins accompanied by low levels of high-density lipoproteins,

metabolic syndrome, type 1l diabetes, cardiac impairments, and obstructive sleep apnea (84).

The Avon Longitudinal Study of Parents and Children, a prospective cohort study including 5235
children, indicated that in girls a 1 SD greater BMI at age 9-12 was associated with cardiovascular
risk factors at age 15-16, with higher odds for high systolic blood pressure, high concentration of low-
density lipoproteins and triglycerides, low concentration of high-density lipoproteins, and high
concentration of insulin (85). The study reported the same for boys for systolic blood pressure, low-

density lipoproteins, triglycerides, high-density lipoproteins, and insulin (85). Interestingly, children
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who transitioned from excess weight at age 9-12 to normal weight at age 15-16 still had a higher risk
of adverse health outcomes compared with children who consistently had normal weight (70).
Additionally, advanced pubertal development and polycystic ovarian disease have been linked to
childhood overweight and obesity (86), where excessive pubertal insulin resistance may contribute to
earlier maturation in children with obesity (87). Furthermore, adiposity during childhood has been
linked to poorer academic performance and memory (88) as well as to depression, lower emotional
well-being, behavioural problems, lower self-esteem, and poorer perceived quality of life (89).

There has been extensive research on genetics as a cause of obesity. However, genetics contributes
to less than 5% of all childhood obesity cases (90). Therefore, childhood obesity is largely influenced
by external variables such as parental approach and lifestyle habits (91). An increase in sugar intake,
together with consumption of excessive quantities of food, plays a pivotal role in childhood obesity
development (91).

2.4 The economic burden of obesity

Widely available and extensive evidence links obesity to almost every major health problem. These
problems start developing early in childhood, progress through youth, and results in symptomatic
complications during adulthood. Apart from an increased risk of mortality, obesity puts a considerable
financial toll on the healthcare system. For example, diabetes linked to obesity represents a significant
economic cost. For example, in the U.S. the burden of prediabetes and diabetes reached 218 billion
dollars in 2007 (92). This economic loss was present and is still present across different continents.
For instance, in Europe this burden was 29 billion Euros in 1999 (93). Based on data up to 20009,
between 0.7% and 2.8% of a nation’s healthcare costs were related to obesity, with 30% higher medical
costs among people with obesity compared with those without obesity (94). The latest data from 2019
indicate that obesity costs between 0.8% and 2.4% of gross domestic product across eight countries,

with this burden being present irrespective of the country’s economic development (95).

2.5 Measures of obesity

The most commonly used metric to assess the level of adiposity is BMI (62). In children and
adolescents, the International Obesity Task Force uses age- and sex-specific BMI cut-off points to
classify children with normal weight, overweight, or obesity (96). Children with BMI equal to or
exceeding the 95" percentile are defined as suffering from obesity. Those with BMI between the 85"
and 95" percentiles are defined as overweight. Although most studies use BMI cut-off points, this is
not the best outcome measure for assessing a change in adiposity levels among children and
adolescents. The percent over BMI method (BMI150) and the healthy fitness zone continuum (BMI85)

are more suitable for assessing change in adiposity among youth because these measures avoid the
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pattern of positive mean BMI% change in children with lower initial BMI scores, and negative mean
BMI% change in those with higher initial BMI scores (97). BMI percentiles are not the most useful
marker for tracking change over time because BMI percentiles charts are positively skewed with a
much wider distribution above the 50th percentile than below it, especially at the upper centiles
representing obesity (98). Further, a ceiling effect occurring at the high end of the BMI percentile
distribution masks the real change when children gain or lose significant amounts of weight but remain
at the same percentile level (97).

The most appropriate methods for assessing adiposity focus on body composition. There are several
examples. Air displacement plethysmography is considered a valid method for assessing the body
composition of children (99). Dual-energy X-ray absorptiometry, or DXA, which estimates the
percentage of soft tissue for the whole body using an X-ray system, is also considered a reliable
approach (100). A commonly used and easily available instrument is the Tanita BC-418 segmental
body composition analyser. It is based on bioelectrical impedance where the person stands barefoot
with weight evenly distributed between both feet on the analyser and holds a pair of hand grips, one in
each hand. Each measurement takes approximately 30 seconds with a correction for light indoor
clothing (101). However, the most easily accessible method for evaluating adiposity involves skinfold
thickness measurements through subcutaneous body fat assessment (100), a method that has been

shown to be better for assessing adiposity than BMI (102).

2.6 Concepts and definitions of physical activity

The WHO defines PA as any bodily movement produced by skeletal muscles that requires energy
expenditure. PA can be performed in domains that include leisure time, transport, and work. The total
volume of PA is defined by intensity, duration, and frequency. Intensity refers to the effort to perform
a specific movement, duration relates to time/minutes spent in an activity, and frequency is defined by
the number of physical movements performed per day. The WHO provides general PA guidelines for
different populations, including children, adolescents, adults, older adults, pregnant and postpartum
women, and people living with chronic conditions or disabilities (103). Further, a newer definition of
physical activity has also been proposed with more focus on interdisciplinarity of physical activity in
the academic and policy domain. This broader definition is “people moving, acting and performing
within culturally specific spaces and contexts, and influenced by a unique array of interests, emotions,
ideas, instructions and relationships™ (104). Despite widely present evidence supporting the beneficial
effects of PA for the prevention of many NCDs, the existing lack of PA irrespective of socio-economic
conditions is evidenced by 1.4 billion adults not meeting minimal PA levels for maintaining optimal

health with an increase in prevalence since 2001 (105).

11



The initial epidemiological research about the health benefits of PA was published in the 1950s
(106), and since then the research field has expanded progressively, with more publications,
researchers, international expert groups, and research centres producing knowledge and creating new
policies tailored to the needs of different populations. Moreover, publications of world significance
related to this topic include the 2012 (31, 107, 108, 109, 36) and 2016 Lancet series on PA (110, 32),
displaying the highest quality of evidence encompassing different PA concepts globally. Currently,
PA promotion has become one of the leading interests of many health-oriented organisations. Further,
with partnerships between institutions, comes the possibility of an even more penetrating effect of PA
into society, with schools being one of the examples (108). However, despite the fact that PA
interventions are increasingly present in school systems, such interventions are not always successful

in reducing children's BMI or body fat, which highlights the deceptiveness in this regard (111).

At the UN high-level meeting on NCDs held in September 2011, PA was considered an important
element of NCDs in the global health context, but it still received less attention compared with other
hazardous behaviours (112). Despite that, the surveillance of PA in adolescents and adults has
progressed over the past decades, with lack of PA being more prevalent in women compared with men
and in older adults compared with younger adults (31). The International Physical Activity
Questionnaire (113) and the Global Physical Activity Questionnaire (114) enabled worldwide PA data
collection. However, uninterrupted PA surveillance at the national level is lacking, resulting in a

paucity of trend data (36).

Although progress in PA research has been made, specific recommendations for addressing the
global pandemic of physical inactivity are yet to be developed. Based on widely available evidence,
lack of PA is widespread, with an emerging need for more specific and well-designed approaches to
slow down and ultimately reverse this costly pandemic. Comprehensive monitoring of different PA
programs and interventions across all subgroups is necessary to tailor policies even more efficiently,
and collaborations between different institutions and funding bodies over a longer period are essential

for approaching this public health issue.

2.7 Physical activity during childhood and adolescence

Physical activity is vital for optimum human body functioning, whereas lack of PA causes
maladaptation in the human condition, which may lead to poorer quality of life outcomes (115).
Prolonged lack of PA is associated with impaired glucose metabolism and cardiometabolic disorders,
which lead to increases in mortality worldwide (116). Three in four adolescents aged 11-17 around
the world do not currently meet the global PA recommendations for maintaining optimal health (117),

putting them at risk for coronary heart disease, metabolic impairments, some types of cancer, and
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premature death (118). Despite widely available evidence in favour of PA, lack of PA among children
and adolescents is still extensive and contributes to adverse health outcomes (119; 31).

The WHO shows that children and adolescents aged 5-17 should accumulate at least 60 minutes of
moderate to vigorous PA (MVPA) per day, with strength-related exercises implemented at least three
times per week (103). Based on data from over 100 countries, 80% of adolescents aged 13-15 (31),
and 78% of boys and 84% of girls aged 11-17 (110), do not meet the recommended MPVA guidelines.
It is important to emphasise that age and sex represent the main link with PA during youth, with boys
and younger children usually more active compared with girls and older children (120). Children tend
to be more active if they come from highly educated families with a higher socioeconomic status
compared with less-educated families that are mostly associated with lower socioeconomic conditions
(121). Encompassing available evidence pointing to a worldwide lack of PA during childhood and
adolescence calls for precise solutions, especially since the level of PA among youth (ages 9 to 18)

significantly predicts the level of PA later in life (122).

2.8 Concepts and definitions of physical fitness

Although PA and physical fitness are related, they are not exchangeable. Fitness refers to aerobic
capacity, endurance, strength, or flexibility usually achieved by performing PA or exercise. Thus,
physical fitness is an attribute (123). Physical fitness, usually accompanied with PA, contributes to
psychological and physiological well-being, prevents adverse behavioural and metabolic outcomes,
and acts as a protective element from many chronic illnesses (124). With an optimal physical fitness
level, the human body is able to fight many stressors present in everyday life, serving as a beneficial
stress-resistance agent (125, 126, 127, 128, 129).

In contrast, low physical fitness, mostly paired with physical inactivity and visceral adiposity, has
been linked to elevated levels of inflammatory markers and unfavourable health consequences (130,
131, 132). Epidemiological studies providing consistent evidence since the last century indicate that
optimal fitness levels correlate with lower cardiovascular and total mortality (133). However, although
fitness and adiposity are closely connected, optimising adiposity levels is not associated with a lower
risk of mortality, further emphasising the importance of physical fitness and putting fitness first when

targeting chronic impairments (123).

2.9 Physical fitness during childhood and adolescence

Although there is no doubt that PA is beneficial for health among children and adolescents, many
researchers have argued that physical fitness is an even more powerful marker of health (134, 135).

Lifestyle changes accompanied with increased screen time and poor dietary choices contribute to lower
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levels of physical fitness (136, 137). The lack of PA associated with declining physical fitness among
youth (45, 47) most often continues into adulthood (46). The evidence supports the fact that most
cardiovascular impairments start developing early in life (58). It has been extensively documented that
CRF (45, 47, 48, 49), flexibility (50), repetitive strength, and running speed generally worsen among
youth (138).

Apart from CRF, muscular fitness has begun to receive more attention for the prevention of various
diseases (139, 140). Results from the AVENA (Alimentacion y Valoracion del Estado Nutricional de
los Adolescentes) study indicate that muscular fitness is inversely correlated with cardiovascular risk
in adolescent girls (141). A systematic review focusing on the international evolution of fitness,
encompassing over 1.7 million children and adolescents from 14 countries, showed that, regardless of
where the evidence came from, most studies indicate a persistent downward trend in strength,
endurance, and flexibility among youth, especially in the last 25 years. However, agility, speed,
balance, and coordination do not follow the same trend, and variations between different countries and
studies are present (51). Additionally, frequency of daily moderate to vigorous PA decreases from 11
to 15 years (30). This is supported by another study which showed that from childhood to adolescence,
PA declines with age. The same study also showed that PA increases with age during young adulthood
(ages 20-30), stabilizes during middle age (ages 31-59) and declines with age at the end of middle life
and the beginning of older adulthood, corresponding to PA levels at the end of adolescence (11). Both
studies show longitudinal trends of PA in adolescents and adults, which emphasises the importance of

interventions targeting children and adolescents.

Low CRF has been linked to metabolic syndrome among adolescents because enhancing fitness
early in life is crucial for healthy metabolic functioning (142). Additionally, optimal fitness levels
attenuate metabolic syndrome scores even among youth with obesity (143). The improvement of
physical fitness among adolescents may indirectly reduce low-grade inflammation independent of
body fat (144). This is especially important given the fact that increased body inflammation affects
many health irregularities, including atherosclerosis (145). Further, results from the HELENA study
indicate that, irrespective of PA levels, adolescents with lower fitness levels usually have lower whole-
body bone mineral content when compared with those who have better fitness (146). This is especially
true for muscular fitness, where grip strength is regarded as an independent predictor of bone mass
during adolescence. An increase in muscle mass achieved with developing physical fitness during
adolescence acts as a stimulus for an increase in bone mass (147). However, if physical fitness testing
is conducted, it should follow the several psychological implications and practices. Testing should

promote enjoyment and regular PA and be an integrated part of a PE curriculum. Also, working in
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informal environment with a partner is helpful. Children should actively plan their fitness development
based on testing. Testing should be tailored to task-oriented (skill mastery) and ego-oriented students
(challenges) where feedbacks from PE teachers are considered desirable (148). All those implications
are important to consider because fitness tests have been criticised in the school system for the stigma
they place on the least fit children. This explains why many school-based interventions prioritise

physical interventions that promote physical literacy over physical fitness.

In summary, development of CRF and muscular fitness should be the priority when implementing
PA interventions during childhood and adolescence, especially given that fitness is superior (but still

linked) to PA and adiposity for the prevention of many health complications.
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Abstract

A systematic search of the literature was performed to compare the effects of interventions that
targeted sedentary behaviours or physical activity (PA) or physical fitness, on primary prevention of
obesity in 6-12-year-old children. The search identified 146 reports that provided relevant data for
meta-analysis. Point estimates in % body fat were higher for fitness interventions compared to PA
interventions (Standardised mean difference = -0.11%; 95% CI = -0.26 to 0.04, and -0.04; 95% CI = -
0.15 to 0.06, respectively). Including sedentary behaviour to a PA-oriented or fitness-oriented
intervention was not accompanied by an increase in intervention effectiveness, as the point estimates
were slightly smaller compared to PA-only or fitness-only interventions. Overall, the effects tended to
be larger in girls than boys, especially for PA + sedentary behaviour interventions. There was some
evidence for inequality, as the effects on BMI were seen when interventions were delivered in the
general population (Standardised mean difference = -0.05, 95% CI = -0.07 to -0.02), but not in groups
of disadvantaged children (Standardised mean difference = -0.01, 95% CIl= -0.29 to 0.19). In
conclusion, school-based PA interventions appear to be an effective strategy in the primary prevention
of childhood obesity among 6-12-year-old children but targeting sedentary behaviour in addition to

PA or fitness does not increase the effectiveness of the intervention.
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NCDs - Non-communicable diseases

PA - Physical activity

BMI - Body mass index
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PICOT - Population, intervention, comparison, and outcome
%BF - Percentage of body fat

RCT - Randomised controlled trial

SMD - Standardised mean difference

18



3.1 Introduction

Non-communicable diseases (NCDs) remain the leading cause of death in most parts of the world, and
large part of this mortality is ascribed to insufficient physical activity (PA) and obesity (1).
Specifically, physical inactivity is the fourth, and obesity has been ranked as the fifth leading risk for
global mortality (1). At the same time, the prevalence of overweight and obesity is rising worldwide
among all age groups, with the epidemic being especially marked among children and adolescents (2).
In this age group obesity has increased dramatically during the last few decades of the 20th century,
especially in the most developed countries (2). Interestingly, it seems that this increase has been much
larger in 5-19-year-old children as compared to younger children (3).

Obesity in children has been linked to both short (4) and long-term adverse health outcomes (5).
Furthermore, childhood obesity frequently persists in adulthood, which is accompanied by many well-
known detrimental effects on health (6). PA, alongside unhealthy dietary habits, is proposed as one of
the major contributors to childhood obesity (7). In addition, PA in childhood has been linked to many
other favourable health outcomes as well as to improved academic performance (8). While there
remains little doubt that PA is beneficial for health, many posit that physical fitness is an even more
powerful maker of health (9, 10). On the other hand, sedentary time has also been associated to several
adverse health outcomes, although evidence for a specific link with obesity is weak (11). Currently
there is only little or no evidence that a relationship between sedentary time and adiposity in children
and adolescents is causal (12). Indeed, a recent study that collated data from 14 accelerometer
investigations in children and used iso-temporal substitution to model the effects of reduced sedentary
time on health estimated that replacing one hour of persistent sedentary time with non-sedentary
pursuits would lead to only a mild reduction of body mass index (BMI) (13). On the other hand, the
same study found that replacing one hour of sedentary time by moderate-to-vigorous PA increases the
estimated decrease in BMI by more than 7 times (13). Hence, PA interventions might exhibit larger
effects on obesity-related outcomes than interventions aimed at reducing sedentary behaviours.

However, this remains to be confirmed in clinical trials.

Obesity, PA and sedentary pursuits are complex phenomena that require population-based
solutions. For children, schools are frequently identified as an ideal setting for introducing lifestyle
change and the prevention of weight gain. In most countries school is obligatory, at least by mid-
adolescence, hence all children can be reached, which makes schools a perfect setting to reduce health
inequalities. In addition, children spend a significant portion of the day in school. Because academic
activities are mostly sedentary, ample opportunities for PA should be provided in order to increase
energy expenditure and introduce the well-known benefits of PA on health and academic performance.
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Indeed, several previous systematic reviews that examined the effects of obesity prevention
interventions have shown that school-based interventions are most effective when a PA component is

included (14-16). However, the characteristics of successful PA intervention are less understood.

This study aimed to bridge this gap by assessing what types of PA interventions in schools are the
most effective in improving obesity-related outcomes. To this end, it compared the effects of three
groups of interventions: 1) interventions that aimed to reduce sedentary behaviour; 2) interventions
that intended to increase PA and 3) interventions that were designed to improve physical fitness. It
identified several systematic reviews published in the last 10 years that assessed the effectiveness of
PA interventions on obesity prevention (14-21). However, none of these studies attempted to document
and analyse specific elements of PA programmes. Moreover, several of these analyses might have
missed large studies as they were restricted to randomised designs (18-21). Others were restricted to
high-income countries (15) or to a single obesity-related outcome only (19, 20). Thus, in order to cover
a complete spectrum of PA interventions it included all school-based interventions that targeted energy
expenditure, regardless of the type or duration of the intervention. The wide range of included
interventions will serve to identify features that enhance the effectiveness of these programmes in
primary prevention of obesity, with special focus on the type of energy expenditure component

targeted.
3.2 Methods

The protocol for this review was registered with Prospective Register of Systematic Reviews
(PROSPERO 2019 CRD42019129295), and the methods are briefly described in the following

sections.

3.2.1 Literature search and data extraction

The study involved searching MEDLINE, The Cochrane Central Register of Controlled Trials
(CENTRAL), Scopus, LILACS, OpenGrey, Open Access Thesis and Dissertations, Clinical Trials and
the WHO International Clinical Trials Registry for peer-reviewed studies published in the last 25 years
(between 1/1/1994 and 15/4/2019). The research question was designed by following the Population,
Intervention, Comparison, and Outcome (PICOT) framework, used MeSH terms in Medline plus
keyword searches structured around four constructs (population — children; intervention — PA, fitness
and sedentary behaviour; setting — school; outcome — adiposity) and adapted this strategy to individual
databases (see Supporting Information — List S1 for Medline search strategy). The search was not
limited to any specific geographical region. However, it included only studies written in European
languages. The search strategy was validated by conducting sensitivity analysis in MEDLINE with a

test set of 10 key papers selected as exemplary papers answering the research question. Adjustments
20



to the search strategy finished when all 10 key papers were identified by the search. All database search
results were extracted and imported into the web-based reference manager: Rayyan. After removing
duplicates, results were screened initially by abstract and title. The first 500 results were screened
independently by two reviewers (HP, JK). Given that >95% agreement between reviewers in included
studies was recorded, each of the two reviewers screened half of the remaining results. Ambiguities
on study eligibility were resolved through discussion with a third reviewer (MSo). In addition to this,
the study group checked reference lists of key systematic reviews in the same area for eligible studies
(14, 16-18, 20, 22). Lastly, the study searched reference lists of all included reports.

Inclusion criteria were: 1) randomised or non-randomised control trial, controlled before-after study
or natural experiment; 2) control group; 3) participants aged 6 to 12 years (mean age at the start of the
study = 5.5 to 12.49). Namely, as school-going youth are typically divided in two age groups: children
(6-12 years) and adolescents (13-18 years). Considering that the same strategies would probably not
work for both children and adolescents, and due to large heterogeneity in high-school curricula that
precludes one-size-fits-all policies, it was decided to limit this review to children aged 6 to 12 years;
4) interventions of any duration that have aimed to either: a) increase PA and/or physical fitness; b)
reduce sedentary behaviour; 5) intervention was performed primarily in school-setting; 6) follow-up
of at least 12 weeks from the start of the intervention; 7) any obesity related outcome was measured
(e.g. BMI, BMI z-score, BMI percentile, prevalence or incidence of overweight or obesity, % body fat
(%BF), skinfold thicknesses, waist circumference, waist circumference percentile, waist-to-height
ratio. Studies were excluded if: 1) no obesity related outcome was reported or the data came from self-
report; 2) they included exclusively children with overweight or obesity or only special populations
(e.g., children with a specific illness, blind, physically disabled etc.); 3) full text was not available (i.e.,

only conference abstract).

After study selection, an extraction template was created (MSo) and study characteristics were
extracted by two reviewers working independently (ZLP and PJ). Papers reporting on the results of the
same study were collated so each study is the unit of analysis rather than each paper. Values at the

longest available follow-up were taken for quantitative analyses.

The details on the intervention content were extracted from the main papers, the intervention
protocols and the related web resources. Two reviewers independently extracted half of data (ZLP and
PJ), and about 10% of the extracted data were double checked by the third reviewer (MSo). Extracted
items included: Authors, year, period of the study, number of clusters and participants, demographic
characteristics, details on intervention type and content, duration of intervention and follow-up and

adverse outcomes.
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Obesity-related study outcomes were extracted by two reviewers (JK and PJ), working
independently on half of data, and entered in a pre-designed excel template. The third reviewer (MSo)
verified 10% of the extracted results, and any discrepancies were resolved through discussion.

3.2.2 Risk of bias assessment

A single reviewer (MSo) assessed the risk of bias of all studies that met the inclusion criteria using
Cochrane “Risk of bias” assessment tool for randomised studies (23), and modified Newcastle-Ottawa

scale for non-randomised study designs (24).

For individual randomised controlled trials (RCT) the assessment contained the following domains:
1) random sequence generation, 2) allocation sequence concealment, 3) blinding of outcome
assessment, 4) incomplete outcome data, 5), selective outcome reporting, 6) other bias (in this domain
the study assessed bias arising from: a) contamination, b) low fidelity). The study excluded blinding
of participants and study personnel domain since this is generally not possible for PA interventions.
For cluster-randomised trials, the study included several more domains specific to this design: 1)
recruitment bias (when participants are approached after the clusters have already been randomised),
2) baseline imbalance (often present when small number of clusters are being randomised), 3) loss of
clusters (when whole clusters are lost from the trial, either immediately after randomisation or during
follow-up), and inappropriate data analysis (when clustering of observations is not taken into account
in data analysis). It judged the risk of bias in each domain as having low, high, or unclear risk. Studies
judged as having low risk of bias in at least 5 domains for individual RCTs and 8 domains for cluster-

RCTs were classified as having an overall low risk of bias.

For non-randomised study design risk of bias assessment was performed using modified Newcastle-
Ottawa scale for cohort studies. This scale originally includes 8 domains, but one domain (i.e.,
demonstration that the outcome of interest was not present at start of the study) was deemed not to be
applicable for studies included in this review, hence it was omitted. The domains assessed included:
1) representativeness of the intervention cohort (were participants representative for the community?),
2) selection of the non-intervention cohort (were controls drawn from the same community as the
participants of the intervention?), 3) ascertainment of intervention (was the intervention implemented
according to the plan?), 4) comparability of cohorts on the basis of the design or analysis (were
analyses adjusted for age, gender and other important features, such as clustering, baseline values for
the outcome of interest etc.), 5) assessment of outcome (was the outcome measured with an objective
method), 6) was follow-up long enough for outcomes to occur (follow-up longer than 6 months from
the start of the intervention), 7) adequacy of follow up of cohort (subjects lost to follow up unlikely to

introduce bias due to low or balanced attrition). According to the standard scoring protocol (24), the
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study team awarded one star for domains 1, 2, 3, 5, 6, 7 and a maximum of 2 stars for comparability
of cohorts domain. Studies that totalled at least 6 stars were classified as having an overall low risk of
bias.

3.2.3 Data Analysis

In this study, mean differences were calculated as:
Mean difference = Differences in the intervention group - Differences in the control group,

where the mean differences in the intervention and control groups denote the differences between
values at follow up and baseline in each of the groups. The units of measurement were kg/m?, units of
the standardized normal and % for BMI, BMI z-score and %BF, respectively. Next, when comparing
5 groups of interventions in both the main analyses and subgroup analysis (described in the next
section), the raw differences were standardised using the standard deviations of the differences (apart
from the BMI z score, since it is already standardised).

The study team computed the uncertainty parameter (12) representing the percent of total variance
in the observed results explained by heterogeneity and assessed heterogeneity using the Q test (25).
The meta-analysis used a random-effects model which considers both within and between study
heterogeneity (26). Finally, publication bias was assessed for both overall results and main subgroup

analyses with Egger’s test for asymmetry (27). The level of significance (alpha) was set at 5%.

3.2.4 Subgroup analyses

To compare the effects of interventions targeting different elements of energy expenditure,
interventions were categorised into those affecting PA, physical fitness or sedentary behaviour. This
was done by examining the content of the interventions (e.g., the intensity and volume of introduced
PA, and the aims explicitly stated by the authors). Then, interventions were classified into those aiming
to change only one element of energy expenditure (i.e., decreasing sedentary behaviour or increasing
PA/fitness) and those targeting two elements of energy expenditure (i.e., PA plus sedentary behaviour
or physical fitness plus sedentary behaviour). Hence, 5 groups of interventions were created in total
(1. sedentary behaviour; 2. PA; 3. fitness; 4. PA+sedentary behaviour; 5. Fitness + sedentary
behaviour). Within each of these subgroups , the study examined how the characteristics of the content
(e.g., duration and intensity of PA introduced, diet component) and the intervention (e.g., duration,

follow-up period, parent involvement) modify the effectiveness of the programme.

Next, all analyses were stratified by gender (both genders, i.e., studies that did not distinguish

gender; boys; girls). Lastly, as a very limited number of studies that directly compared the effects in
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children of varying social-economic status (SES) were available. In order to examine the equality
aspect of interventions studied, the effects that were compared found in studies that focused on
economically deprived children with interventions that included general population of children.

3.2.5 Sensitivity analyses

For sensitivity analysis, the analyses were stratified separately for PA, fitness, and PA+sedentary and
fitness + sedentary behaviour interventions, by study design (RCT vs. other designs), risk of bias (low
risk of bias versus moderate and high risk of bias), study period (<2009 vs >= 2009) and mean age of

participants (6-9 years vs. 10 -12 years).

3.3 Results

The search strategy retrieved 18 239 studies from 8 databases. After removing duplicates, 17 014
records were screened by title and abstract. In the next step, 1 091 were selected for screening of the
full-text paper and 242 were found to conform to the inclusion criteria. Searching the reference list of
7 systematic reviews led to the addition of 11 papers, and additional search of references of included
studies yielded 4 more reports. All in all, the search retrieved 257 papers. A large majority of the papers
were in English (246 or 97%), while other languages included Spanish (8 papers), German (2 papers)
and Dutch (1 paper). Several of the included papers reported on outcomes of the same intervention
study at different time points or in different subpopulations. Hence, results were extracted from 200
individual intervention studies (see Supporting Information — List S2 for list of included and excluded
studies), and 146 of these provided data suitable for meta-analysis and were finally included in this
review (Figure 1). After excluding studies that did not provide standard errors, those that did not
provide results at baseline (or pre-intervention) and those that did not provide information related to
control group, the analysis combined, by meta-analysis, studies that assessed following outcomes: BMI
(102 studies, 171 analyses), BMI z score (56 studies, 119 analyses) and %BF (46 studies, 91 analyses).
On the other hand, obesity prevalence/incidence and waist circumference were found to be unsuitable
for meta-analyses due to large heterogeneity in reporting and other outcome measures were not

included frequently enough to deserve meta-analysis.
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Figure 1:

Studies included in
quantitative synthesis
(n=146)

Full-text articles excluded, with
reasons*
(n =838)

Not relevant publication type = 324
No relevant outcome = 206
No relevant age = 175
Not general population = 115
No control group = 84
Follow up <12wk =73
No relevant intervention = 67
No full text available = 65
Not school based =59
Not relevant study design = 24
No mean age reported = 16
No comparison between groups =13
Baseline data only =11
Not reporting intervention effect =10
Results reported in previous publications =7
Duplicate = 11
No baseline data =4
No BMI change analysis = 3

*sum of exclusion reasons exceeds
number of full texts because more
than one reason was appointed
for same papers

PRISMA flow chart showing the study selection process (from Moher et al., 2009)
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3.3.1 Characteristics of the included studies

An overview of the characteristics of the included studies is given in Table 1 and the details on

individual studies are presented in Supporting Information - Table S1.

Table 1. Characteristics of the included studies

Study Characteristics [N %
Location

Europe 64 44

North America 44 31

South America 9 6

Asia 16 11

Oceania 9 6

Africa 2 2
Study design

RCT 91 62

Quasi-experimental 55 38
Study period

before 2009 71 49

2009-2019 48 33

Not specified 27 18
Age of Participants

6-9 yrs 74 51

10-12 yrs 66 45

Both age groups 6 4
Characteristics of Participants

General population 116 79

Low SES 26 18

Specific ethnic group 4 3
Aims of intervention?

Sedentary time 2 2

PA 55 38

Physical fitness 47 32

Combined 43 30
Diet component

Yes 95 65

No 51 35
Duration of intervention

<6 months 38 26

6-12 months 62 42

>12 months 46 32
Follow-up®

only post-intervention 99 68

<1 year 24 16

>=1 year 23 16
Parent involvement

Yes 81 55

No 64 45
Additional setting

Yes 13 10

No 133 90
Risk of bias

Low 36 25

Moderate 71 48

High 39 27

Legend: Quasi-experimental design includes non-randomised controlled trials, controlled before-after studies and natural experiments;
RCT=randomised controlled trial; PA=physical activity; ®one study had two experimental groups: one that included PA and the other
exposed to a combined intervention that additionally included sedentary behaviour component; ®follow-up period is given in months

after the end of the intervention.
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The largest part of the studies was performed in Europe (44%), although studies from Central and
Eastern Europe were scarce. A slightly lower share of studies was situated in North America (31%),
mostly in the United States (34 studies). On the other hand, only two studies were performed in Africa
(both in South Africa). In addition, only one study was performed in multiple countries (i.e., in eight
European countries). Randomised controlled design was applied in over 60% of the included studies,
with over 90% of these studies being cluster RCTs, a type of experimental study in which groups of
subjects and not individual subjects are randomised (e.g., randomisation is performed by class or by
school). A similar number of studies included younger and older children, and about 20% of the studies
were focused on vulnerable groups of children. Finally, only a small part of school-based interventions
extended to the community and home settings (13/146 studies), and just over half of the school-only

interventions attempted to involve parents and guardians (81/146 studies).

Majority of interventions included in this review were designed to affect only one component of
energy expenditure (104/146 studies or 71%), with about half of these targeting PA and the other half
aiming to improve physical fitness. On the other hand, only 2 interventions that focused exclusively
on sedentary behaviour were included, one that restricted screen time and the other that introduced
standing desks in the classrooms. Next, among 43 interventions that targeted multiple movement
behaviours, only 6 aimed at reducing sedentary behaviour and improving fitness, while the other 37
strived to increase PA while reducing sedentary behaviour. Comparison of characteristics of
interventions that included only PA or fitness vs. interventions that also addressed sedentary behaviour

is given in Table 2.
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Table 2. Characteristics of the studies stratified by movement behaviours targeted by the intervention

Study Characteristics

SB/PA/Fitness (N=104)

PA+SB/Fitness+SB (N=43)

Study design N (%) N (%)

RCT 59 (57) 33 (77)

Quasi-experimental 45 (43) 10 (23)
Study period

Before 2009 51 (49) 21 (49)

2009-2019 33(32) 15 (35)

Not specified 20 (19) 7 (16)
Age of Participants

6-9 yrs 54 (52) 20 (47)

10-12 yrs 45 (43) 22 (51)

Both age groups 5 (5) 1(2)
Intervention components

Sedentary behaviour 2(2) 43 (100)

Physical activity 55 (53) 37 (86)

Physical fitness 47 (45) 6 (14)
Duration of intervention

<6 months 23 (22) 15 (34)

6-12 months 49 (47) 14 (33)

>12 months 32 (31) 14 (33)
Follow up?

Only post-intervention 72 (69) 27 (63)

< 1year 17 (16) 7(16)

>=1 year 15 (15) 9 (21)
Duration of PA (min/week)

0 7(7) 16 (37)

1-120 41 (40) 14 (32)

>=120 42 (40) 5(12)

Not specified 14 (13) 8 (19)
Intensity of PA

Low-to-moderate 23 (22) 2 (5)

Moderate-to-vigorous 47 (45) 9 (21)

Not specified 34 (33) 32 (74)
Diet component

Yes 65 (63) 31 (72)

No 39 (37) 12 (28)
Parent involvement

Yes 50 (48) 33 (77)

No 54 (52) 10 (23)
Additional setting

Yes 8(8) 5(12)

No 97 (92) 38 (88)
Risk of bias

Low 18 (17) 18 (42)

Moderate 56 (54) 15 (35)

High 29 (29) 10 (23)

Legend: SB=sedentary behaviour; PA=physical activity; a follow-up period is given in months after the end of the intervention
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Studies that included sedentary behaviour alongside PA or fitness component introduced some form
of PA less frequently, and when they did, they delivered a smaller dose of PA compared to PA-only
or fitness-only interventions. In addition, interventions that included sedentary behaviour involved
parents more often (77% vs. 48%). Duration was similar in the two groups of interventions, as well as
the share of interventions that included a diet component (mostly in the form of nutritional education
or changes in food provision and environment). Around 1/3 of interventions extended over several
years, with a couple of programmes spanning over 4-6 years. Finally, the sustainability of intervention
effects was analysed in roughly 30% of the studies, although only about half of these studies followed

participants for at least one year after the end of intervention.

3.3.2 Risk of bias

Risk of bias across domains for randomised and non-randomised studies is shown in Figures 2 and 3,
respectively, while risk of bias assessment across individual studies is presented in Supporting
Information — Tables S2 and S3. Almost all trials were considered to have low bias in blinding of
outcome assessors domain as the outcomes were objectively assessed, and as only several outcome
measures were subject to observer bias. In addition, no studies have been found to have a high
likelihood of selective reporting. It was judged most of the trials as having low risk of bias concerning
loss to follow up (72/82), incomplete outcome data (74/91) and baseline imbalance (61/82). Risk of
bias was low for about half of the trials in terms of allocation concealment (48/91), random sequence
generation (43/91) and adequate statistical analyses for clustered nature of the data (50/82).
Conversely, there was unclear or high risk of other bias in almost 2/3 of trials, mostly relating to low
intervention fidelity. Despite seemingly favourable results of risk of bias assessment, only 24/91 RCTs

were judged as having an overall low risk of bias (according to criteria described in Methods).
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Figure 2. Risk of bias across domains for randomised controlled trials (Cochrane “Risk of bias”

assessment tool for randomised studies, Higgins et al., 2011)

30



For non-randomised studies, the least bias was noticed for the outcome domain, where about 1/3 of
the studies were awarded maximum points. On the other hand, in terms of selection domain only one
study was given maximum points. Lastly, for comparability, an equal part of studies was assigned with
0, 1 or 2 points. Generally, 12/55 studies totalled at least 6/8 points and were, hence, considered to

have low overall risk of bias.

Newcastle-Ottawa Scale Quality Assessment

Selection Comparability Outcome

0 —— ]

# of stars (¥)

NN W W
L O u»n O u»

# of studies (n)
o

L R g * i Hokkr Hkkok

Figure 3. Risk of bias across domains for non-randomised study designs (modified Newcastle-Ottawa

scale, Wells et al., 2008)
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3.3.3 Results by intervention type

All in all, pooled effect sizes indicated that school-based PA interventions favourably affected all 3
outcomes analysed (BMI= -0.16 kg/m?, 95%CI=-0.25 to -0.07; BMI z-score= -0.07, 95%CI=-0.10
to -0.05; %BF -0.34%, 95%CI= -0.55 to -0.13). Yet, it has to be noted that indices of heterogeneity
were large for all outcomes and ranged from 12=82% to 12=92%.

When only studies that provided effects by gender are examined (n=22G and 21B for BMI, n=11G
and 12B for BMI z-score, n=13G and 13G for %BF), it becomes evident that gender is a significant
moderator of the effectiveness of interventions analysed here. Specifically, interventions were
effective or borderline effective in girls irrespective of the outcome assessed (BMI=-0.21 kg/m?, -0.28
to -0.14; BMI z-score=-0.12, -0.27 to 0.03; %BF= -0.68%, -1.08 to -0.29), while in boys null pooled
effect was noted for BMI (-0.01 kg/m?, -0.08 to 0.05) and BMI z-score (-0.01, -0.05 to 0.06), and only
borderline pooled effect was seen for %BF (-0.49%, -1.12 to 0.15, p=0.13).

Forest plots showing the standardised differences in mean (SMD) between the intervention group
and the control group across individual interventions stratified by the content of the intervention are
shown in Figures 4-6. All in all, the largest point estimates were found for interventions designed to
improve physical fitness, with the differences being in favour of the intervention groups for all three
outcomes assessed (BMI=-0.04 ;95%CI=-0.07 to -0.00; BMI z-score =-0.10; -95%CI1=-0.16 to -0.03);
%BF=-0.11; 95% CI=-0.26 to 0.04). Interventions that aimed to increase PA showed similar effect on
BMI z-score (SMD=-0.09; 95%ClI=-0.12, -0.06) and BMI (SMD=-0.04; 95%CI1=-0.09, 0.02) but the
effects on %BF (SMD=-0.04; 95%CI=-0.15, 0.06) were less pronounced than for fitness-oriented
programmes. Lastly, as only two interventions that focused exclusively on reducing sedentary

behaviours were included the pooled effects for this type of intervention were not computed.

Interventions designed to improve physical fitness while also aiming to reduce sedentary time
proved to be unsuccessful in favourably affecting BMI (SMD=-0.01; 95% CI=-0.09 to 0.07), while
reliable estimates for BMI z-score and %BF could not be computed due to limited number of studies.
In contrast, pooled results for interventions aiming to increase PA while also trying to reduce sedentary
behaviours favoured interventions for BMI (SMD=-0.07; 95%CI=-0.13 to -0.00), and BMI z-score
(SMD=-0.06; 95%CI=-0.09 to -0.03), but not for %BF (SMD=-0.01; 95%CI= -0.08 to 0.06).
Heterogeneity was still quite large in all four groups of interventions suitable for meta-analysis and
ranged from 1°=76% to 12=94%.

Modifications of the effects by intervention characteristics are displayed in Supporting Information
— Table S4. Longer weekly PA duration translated to larger effects on BMI for both fitness-only and
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fitness+sedentary behaviour interventions (SMD=-0.12, 95%CIl=-0.21 to -0.03 and SMD=-3.8,
95%Cl=-6.4 to -1.1, respectively). More intense PA was related to larger effects for fitness-only
interventions (SMD=-0.15; 95%CI1=-30 to -0.00 for BMI and SMD =-0.18, 95%CI=-0.30 to -0.05 for
BMI z-score) and for PA+sedentary behaviour interventions (SMD=-0.63, 95%CI=-1.04 to -0.21 for
BMI z-score). On the other hand, including a diet component improved only the effect of PA
interventions on BMI z-score (SMD=-0.06, 95%CI=-0.12 to -0.01). Regarding other characteristics,
parent involvement markedly improved the effect on %BF for fitness-only interventions. Similarly,
the effects on %BF seem to be much larger in this group of interventions when the interventions extend
to more than 1 academic year. At the same time, the effects of PA-only programmes were somewhat
smaller in long-term compared to short-term for BMI z-score.

Mean pooled results comparing the effectiveness of different types of interventions by gender are
presented in Supporting Information — Table S5. The number of studies included in these analyses was
fairly small (n=3-7 for PA and n=2-10 for fitness), hence smaller power and large confidence intervals.
Still, point estimates for interventions that aimed to increase PA were generally larger in girls for most

outcomes, while for interventions that were designed to improve physical fitness the opposite was true.

Finally, findings from sensitivity analyses (see Supporting Information — Table S6) showed that the
results were robust, except when considering study design for PA interventions and age group for
fitness interventions, and only for BMI as the outcome. Specifically, the effects of PA interventions
were lower in RCTs compared to studies that employed other designs. while the effects of fitness

interventions were larger in the younger age group.

3.3.4 Effectiveness of interventions in vulnerable groups of children

The search identified 26 studies that included predominantly economically deprived children and
reported data appropriate for a meta-analysis. In general, the effects on BMI were not seen when
interventions were delivered to vulnerable groups of children (SMD=-0.01, 95%CI1=-0.29 to 0.19),
while interventions delivered to the general population seem to be effective (SMD=-0.05, 95%ClI= -
0.07 to -0.02). Of note, this holds for both interventions that focused on PA or fitness, and for
interventions that additionally included sedentary behaviour modification. Namely, while both PA and
fitness interventions favourably affected BMI in general child population with the same standardised
difference between intervention and control groups (-0.05; 95%CI =-0.10 to -0.00), for interventions
that exclusively involved disadvantaged children the pooled results showed non-significant MSD in
BMI of 0.06 (95%CI =-0.20 to 0.32) for PA interventions and 0.00 (95%CI1=-0.08 to 0.08) for fitness
interventions. MSDs between intervention groups that were included in PA+sedentary behaviour

programmes and controls amounted to -0.08 (95%CI=-0.15 to -0.00) in general population, while the
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effects were lower in studies with primarily disadvantaged children involved (-0.04, 95%CI1=-0.15 to
0.07).

On the other hand, the effects on BMI z-score in underprivileged children were more comparable
to the ones noted for general population (low SES: -0.04, -0.09 to 0.00; general population: -0.08, -
0.10 to -0.06). There was an indication that this effect was modified by the type of the intervention,
with PA interventions being more successful in affecting weight change in disadvantaged groups
compared with fitness interventions. Specifically, for PA interventions pooled results showed a very
similar reduction in BMI z-score by -0.08 in deprived children (95%CI1=-0.15 to -0.00) vs. -0.09 in the
general population (95%CI=-0.12 to -0.06). On the other hand, pooled effects for fitness interventions
point to a reduction in BMI z-score in the general population (-0.11, 95%CI1=-0.18 to -0.04) and no
effect on BMI z-score in underprivileged children (0.04, 95%CI1=-0.34 to 0.40).

Comparisons of the effects on body fat were impeded by too few studies that focused on low SES
and included body fat as an outcome. Still, estimates from the few studies available show no effect in
disadvantaged children (standardised mean difference=-0.01, 95%CI=-0.13 to 0.12), and a trend to
reduction in %BF in the general population (standardised mean difference=-0.01, 95%CI=-0.13 to
0.12).
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Figure 4a. Forest plot of standardised mean differences in change in body mass index between the

intervention group and the control group for physical activity (PA) interventions.
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Figure 4b. Forest plot of standardised mean differences in change in body mass index between the

intervention group and the control group for fitness interventions.
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Figure 4c. Forest plot of standardised mean differences in change in body mass index between the

intervention group and the control group for physical activity (PA) + sedentary behaviour (SB)

interventions.

37



Fitness and SB interventions

Favours intervantion b Favours confral
Skoradal el al. 2018 a l—l—| =037 [ -6.59, 5.86]
Skoradal el al. 2018 b t = { 0.00 [ -5.98, 6.96)
Jansen etal 2011 a . =0.01[-0.12, 0.11]
Jansenetal 2011 b . 0.00[-0.15, 0.15]
Liw et al. 2019 a ' 001 [ -0.22, 0.24]
Lietal 2014 I ~0.05 [ -0.25, 0.15)
Jiang et al. 2007 a I—l—| —4.03 [ -8.71, 1.66]
Jiang et al, 2007 b e | -8,31 [-14.44, -2,19]
Jiang et al. 2007 ¢ I—l—~l 477 [ -9.81, 0.28)
RE Model 5 ~0.01 [ -0.089, 0.07]
I 1 1 | T 1
-15 -10 -5 i 10

Standardised difference

Figure 4d. Forest plot of standardised mean differences in change in body mass index between the

intervention group and the control group for fitness + sedentary behaviour (SB) interventions.
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Figure 5a. Forest plot of mean differences in change in body mass index z-score between the

intervention group and the control group for physical activity (PA) interventions.
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Figure 5b. Forest plot of mean differences in change in body mass index z-score between the

intervention group and the control group for fitness interventions.
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Figure 5c. Forest plot of mean differences in change in body mass index z-score between the

intervention group and the control group for physical activity (PA) + sedentary behaviour (SB)

interventions.
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Figure 5d. Forest plot of mean differences in change in body mass index z-score between the
intervention group and the control group for fitness + sedentary behaviour (SB) interventions.
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Figure 6a. Forest plot of standardised mean differences in change in percentage body fat between the

intervention group and the control group for physical activity (PA) interventions.
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Figure 6b. Forest plot of standardised mean differences in change in percentage body fat between the
intervention group and the control group for fitness interventions.
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Figure 6c. Forest plot of standardised mean differences in change in percentage body fat between the

intervention group and the control group for physical activity (PA) + sedentary behaviour (SB)

interventions.
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Figure 6d. Forest plot of standardised mean differences in change in percentage body fat between the

intervention group and the control group for fitness + sedentary behaviour (SB) interventions .
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3.3.5 Assessment of publication bias

A formal evaluation of all available results using Egger’s regression did not show evidence of
publication bias for neither BMI (z = -0.11, p = 0.91) nor BMI z-score (z = -1.36, p = 0.17), or %BF
(z = -080, p = 0.42). Similarly, when stratified by the type of intervention (i.e.,
PA/fitness/PA+sedentary behaviour/fitness + sedentary behaviour), publication bias was not seen for
any of the three outcomes analysed (p ranged from 0.12 to 0.96).

3.4 Discussion

In this systematic review, the effects of interventions that intended to increase PA with interventions
that were designed to improve physical fitness and with interventions that aimed to reduce sedentary
behaviour on obesity-related outcomes in 6-12-year-old children were compared. The main results of
the study include: 1) school-based PA interventions appear to be an effective strategy in the primary
prevention of childhood obesity among 6-12-year old children; 2) interventions that combined PA or
fitness component with strategies to reduce sedentary behaviour were actually less effective in
controlling weight gain compared to PA-only or fitness-only interventions; hence, including
behavioural strategies to reduce sedentary behaviour to PA or fitness programmes does not provide
additional benefits for primary prevention of obesity 3) interventions that were designed to improve
physical fitness produced slightly larger effects than interventions that strived to increase PA; 4)
intervention effects were generally larger in girls than in boys, especially for programmes that included
both PA/fitness and a sedentary behaviour component; 5) interventions that were delivered exclusively
to economically deprived children analysed here were less able to induce favourable effects on BMI

compared with interventions conducted in more general settings.

The overall difference was in favour of the intervention group of -0.16 kg/m? for BMI (95%CI=-
0.25 to -0.07), -0.07 for BMI z-score (95%CI= -0.10 to -0.05) and -0.34% for %BF (95%CI=-0.55 to
-0.13). This overall effect size for all types of PA interventions reported here is notably larger than the
overall effect of all kinds of school-based obesity prevention initiatives on BMI of -0.08 kg/m?
(95%CI: -0.11, -0.05,) reported in a recent meta-synthesis of 10 different meta-analyses (28), but quite
similar to the effect previously reported for school-based programmes that included PA (15, 16).
Although clinical importance of the effect size reported here is probably trivial, such small shifts at the
population level can produce significant public health benefits by reducing weight gain in normal-
weight children. Plus, it is worth noting that the effects of the PA interventions are probably
underestimated due to the well-known limitations of BMI in distinguishing fat from fat-free mass on
one side, and the large measurement error of commonly used methods for assessing body composition

on the other side.
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In terms of characteristics that moderate the effectiveness of these type of interventions, the World
Health Organisation has recommended that obesity prevention programmes should span over at least
one year, include both PA and a diet component and involve parents, if possibly extending also to the
home and community settings (29). The findings supplement these guidelines by indicating that
interventions should be designed to improve fitness in order to maximise the effects on obesity
prevention in 6-12-year old children. However, this finding needs to be corroborated in future studies
as there was considerable overlap in confidence intervals of the effects of PA and fitness interventions
studied here. Next, when analysing a smaller number of studies that reported effects by gender, this
study provides evidence that fitness-oriented interventions are more effective than the ones directed to
PA only in boys, but not among girls. Therefore, more evidence is needed that this applies to both
genders. Still, epidemiological studies support evidence from trials described here by reporting
stronger cross-sectional associations with cardiometabolic risk factors for fitness than for PA (10).
Similarly, physical fitness has been identified as a moderator of the relationship between PA and
cardiometabolic risk in children. More specifically, PA was associated with cardiometabolic risk
factors in low fit children, but not in their fit peers (30).

The finding that the interventions that encompass several behaviours are not superior to
programmes that focus on just one behaviour has already been reported for combination of PA with a
diet component. Although evidence on this is not unequivocal, it was previously shown that diet+PA
interventions in a variety of settings are not superior to programmes that target a single behaviour (28),
and that these kinds of combined interventions have an even smaller impact on obesity-related
outcomes than single component programmes when set in schools (15). Similarly, a meta-analysis of
mostly non-school-based programmes showed that interventions targeting sedentary behaviour and PA
simultaneously were not more effective in BMI reduction than interventions that focused exclusively
on sedentary behaviour (31). The search strategy allowed for only 2 studies that focused only on
reducing sedentary behaviour to be included in the quantitative synthesis. This precluded us from
estimating reliable pooled effect sizes for any of the obesity-related outcomes assessed. However, the
analysis of the study was able to estimate the impact of adding sedentary behaviour component to PA
or fitness intervention programmes on the primary prevention of obesity and found no added value of
including sedentary behaviour component. Prior studies that included a variety of settings and a wider
age range also failed to show the effectiveness of these types of intervention in obesity prevention (31,
32). This is hardly surprising given the low intensity of these kinds of programmes, strong reliance on
educational content only, and the high reinforcement of media use in today’s cultures. Although it has
been reported that these types of programmes can produce a significant decrease in sedentary

behaviours, the effect size is too small to have an impact on weight regulation (32). Nevertheless, given
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the unprecedented increase in exposure to screens faced by contemporary children (33), it is of
paramount importance to increase the efforts in redesigning strategies for controlling the amount of
time children spend in front of the screens. To this end, behavioural strategies that have been a
cornerstone of strategies to reduce sedentary time up to now, should be supplemented with policies

oriented at changes in the environment.

As about 2/3 of studies included in this review had included a diet component, it is difficult to
ascribe positive findings of interventions reported here specifically to increase in energy expenditure.
Yet, subgroup analyses provided only limited evidence for moderating effect of diet component in PA-
directed programmes for one outcome measure and no such effect in fitness-oriented interventions. In
addition, several previous reviews have found that diet-only interventions are less effective than the
ones focused exclusively on PA (14, 15). Nevertheless, given the complex nature of the disease, multi-
faceted interventions targeting both sides of the energy equation should be advocated as the most
beneficial approach for primary prevention of obesity. Hence, delineating the effects of diet and PA

strategies in real world setting is neither possible nor required.

Overall, mean pooled effects of interventions for primary prevention of obesity analysed in this
review were larger in girls than in boys, especially for interventions aimed at both PA or fitness
increase and a reduction in sedentary behaviours, although it has to be emphasised that the confidence
intervals did not overlap only for BMI as an outcome measure. It is well known that school-aged girls
are less physically active compared to boys (34). To that end, the amount of PA typically used in
intervention studies probably contributes more to the overall daily PA of girls. This, in turn, might lead

to larger effects on energy expenditure and weight regulation.

The increasing burden of obesity and inactivity across SES has been well-documented (35). The
study found evidence that interventions that were delivered to economically deprived children analysed
here were less able to induce favourable effects on each of the obesity-related outcomes studied than
interventions in general population of children. However, this should be interpreted with caution, as
these two groups of interventions differed is several characteristics. Namely, despite having similar
characteristics in terms of components of movement behaviour included, involving parents and
including a diet component, 35% of interventions directed to disadvantaged children were shorter that
6 months compared to only 22% such interventions addressed at general population. In addition, this
group of interventions introduced less PA (median PA duration=60 min/week compared to 90
min/week in general population). Still, echoing the findings in 6-12-year-old children, a review of
obesity interventions that focused on disadvantaged adolescents reported that only two out of six

school-based obesity prevention initiatives managed to produce beneficial effects on BMI (36). As
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parents of this group of children can be very hard to reach, schools and the community remain the
settings that should be a focus of public health policies aimed at reducing health inequalities. On the
other hand, it is obvious that school-based intervention strategies directed at underprivileged children
need to be redesigned in order to achieve effects observed in more affluent children. To that end, a
recent review that analysed the effects of obesity prevention programmes across socio-economic
position, has shown that interventions targeting individual-level behaviour change may be less
successful in disadvantaged children and that structural changes to the environment might be a better
approach in reducing inequalities (22). In addition, addressing social determinants of health outside
the school setting is mandatory to ensure a sustainable reduction in the socio-economic disparities in
children’s’ health.

Finally, although only a handful of analysed studies provided data on adverse outcomes, no
evidence was found for changes in body satisfaction, eating behaviours or underweight prevalence. In
addition, the incidence of injuries was very low, even in studies with large volume of PA. Hence,
school-based PA programmes can be considered very safe, regardless of the components used or PA

volume implemented.

3.4.1 Strengths and limitations

This review has many strengths. First, it did not rely on search strategies set by prior reviews. Instead,
eight databases were searched, including grey literature sources. Second, unlike most of the previous
similar reviews, it did not limit the search to English language, thus increasing the probability of
detecting evidence from low-to-middle income countries. Third, this review accepted different study
designs instead of constraining to RCTs, whilst insisting on the control group to minimise bias. Fourth,
it gathered very detailed data on the content of interventions, with a special reference to the frequency,
intensity, duration, and type of PA. Fifth, it included measures of body composition instead of relying
only on BMI, which is regularly critiqued as an imperfect measure of adiposity. Furthermore, BMI can
be affected by PA through an increase in lean body mass which then typically leads to underestimation

of intervention effects on adiposity.

Several limitations of this review are also worth noting. First, unlike prior reviews, this review
extended the search beyond English language, however it could not include non-European languages,
so it may have missed studies from Asia or Africa. Second, large variability in intervention
characteristics led to statistical heterogeneity, which warrants caution when interpreting the results of
meta-analysis. Third, over one third of studies that met inclusion criteria failed to provide all the data
needed for a meta-analysis. Given the large number of studies included in the quantitative synthesis, a

qualitative synthesis of these studies was not undertaken. Hence, there cannot inference that the results
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of this additional qualitative evidence synthesis would agree with the conclusions. Fourth, a large
number of studies describing PA interventions failed to document the exact duration of PA and even
fewer studies have quantified the intensity of implemented activities. This limitation precludes
describing the dose-response relationship. Fifth, although this review was restrained from pre-defining
specific obesity related outcomes, sufficient number of studies for a meta-analysis were found only for
BMI, BMI z-score and %BF. Both BMI and BMI z-score have often been criticised for inadequately
assessing change in adiposity (37). Abundant evidence has emerged that supports replacing BMI or
BMI z-score with alternative metrics that can better capture longitudinal changes in obesity (e.g.
Percent Over BMI - BMI50 and BMI85) (38). Unfortunately, these alternative metrics are still
seldomly considered when examining the effects of PA-intervention studies. Similarly, the large
variability in reporting prevented us from analysing the effects of PA interventions on overweight
prevalence and abdominal obesity. Next, a limited number of studies identified in some subgroups
impeded the assessment of effect modification. Finally, as only two studies were found that focused
exclusively on reducing sedentary behaviour, the ability to compute reliable estimates of the effects of

such interventions on obesity-related outcomes was not possible.

3.4.2 Implications for future research

Important gaps in the evidence were uncovered by the analyses. For example, very few studies
identified by the review focused exclusively on decreasing sedentary behaviour, and studies that added
sedentary behaviour component to a PA or fitness-oriented programme rarely went beyond educational
activities. Hence, there is a clear need for more trials with a strict focus on sedentary behaviours,
particularly such that would use an innovative approach, aligned with interests and routines of today's
children. To this end, this review did not find studies that have evaluated the effectiveness of wearable
technology (e.g. activity trackers) or smartphones in obesity prevention. Preliminary evidence that
interventions that used screen-based technology have successfully reduced screen time is already
available (39). Next, poor reporting on the dose of PA introduced by obesity prevention interventions
precluded us from detecting a “best-buy” quantity of PA that would provide optimal effects with as
little time and resources invested as possible. To enable such dose-response analyses, future studies
should include comprehensive assessment of PA volume introduced and ensure to report this in
sufficient detail. Lastly, although several studies were found that focused on disadvantaged children,
very few studies have examined how the effectiveness of PA interventions vary across different socio-
economic strata. Such direct comparisons across populations are warranted to allow tailoring

interventions to specific groups of children.
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Abstract

Objective: To examine the effectiveness of a real-world, population-scaled, school-based physical
activity intervention that provided 2-3 additional physical education lessons per week to children aged
6-14 in Slovenia.

Methods: Over 34,000 participants from >200 schools were compared to a similar number of
nonparticipants from the same schools. Generalized Estimating Equations were used to estimate the
effects of differing exposure to intervention (i.e., from 1-5 years) on Body mass Index (BMI) in
children with normal weight, overweight or obesity at baseline.

Results: BMI was lower in the intervention group, irrespective of participation duration, or baseline
weight status. The difference in BMI increased with programme duration, with maximal effects seen
after 3-4 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 0.9 kg/m2; 95%CI1=0.6-1.3 for boys with obesity).
The programme started to be effective in reversing obesity after 3 years, while the lowest numbers
needed to treat were observed after 5 years (NNT=17 for girls; 12 for boys).

Conclusion: Population-scaled, school-based physical activity intervention was effective in preventing
and treating obesity. The effects were the greatest in children initially presenting with obesity, such

that the programme was able to benefit children needing support the most.

Key words: children, adolescents, exercise, overweight, natural experiment.
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The Study Importance Questions

What is already known about this subject?
e The global prevalence of obesity has developed at a significant rate, ranging from 0.7% to 5.6% in
boys and 0.9% to 7.8% in girls, between 1975 and 2016.

e The current lack of successfully implemented interventions in real world settings impedes the

fight against childhood obesity pandemic.

What are the new findings in your manuscript?

e School-based PA intervention that provided additional Physical Education lesson remained
effective in the prevention of obesity after scaling-up.

e The greatest effect was present in children initially presenting with obesity, such that the
programme was able to benefit children needing support the most while the number needed to treat
for obesity reversal decreased with intervention duration, emphasising the need for long-term PA

programmes.

How might your results change the direction of research or the focus of clinical practice?
e To be effective at reducing obesity for children of both sexes aged 6-14, the intervention must last
a minimum of 3 consecutive years, without funding interruption whereas even temporary

disruptions in long-lasting interventions attenuate their long-term effectiveness.
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e 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.

Glossary of terms

BMI - Body mass index

NCDs - Non-communicable diseases
PA - Physical activity

PE - Physical Education

NNT - Number needed to treat
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4.1 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, between 1975 and 2016 (1). Projected obesity-
related morbidity incidence rates and all-cause mortality are very high in addition to the
anticipated costs for health care and economic losses (2). It is, therefore, critical to implement
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 simultaneously, including hard-to-reach groups.
Numerous systematic reviews have shown that school interventions involving physical activity
(PA) produce larger effects on body weight than interventions without PA (3-5). Therefore, a
school-based programme which includes PA can serve as an important contributing feature in
childhood obesity management especially when lead by experienced Physical Education (PE)
professionals (6). Moreover, fitness-oriented interventions that focus on improving the
components of physical fitness and typically involve more vigorous PA (e.g. structured
exercise) have demonstrated greater potential for improving body composition compared to
other types of PA interventions, such as the ones focusing on merely increasing the volume of
PA (e.g., providing more time for unstructured 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 programmes during
childhood are well documented, most of this evidence comes from short-term efficacy trials
conducted in well-controlled settings, 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 a real-world, population-based, longitudinal PA
intervention Healthy Lifestyle on body mass index (BMI) in children aged 6-14, which was
derived from a previous successful small-scale PA intervention in individual Slovenian schools
that provided an above standard programme of one PE lesson per day delivered by PE specialist

teachers, even in lower grades where this is not typical (10).
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4.2 Methods

4.2.1 Intervention

Healthy Lifestyle was a nation-wide intervention, introduced in Slovenia from 2011-2018. The
intervention provided two additional PE lessons in grades 1 to 6 and three in grades 7 to 9, thus
providing one PE lesson per day to children aged 6 to 14 (Table 1). The additional lessons were
not part of the obligatory curricula but were organized to take place immediately after the end
of regular school hours and were thus within the time frame of an ordinary day. The intervention
was financed by the European Social Fund with the aim to increase the first employment
opportunities of 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 programme upon their parental
written consent, their participation became compulsory, but they were not graded as in regular
PE classes. The maximum number of children per class was between 16 and 30 and the school
was allowed to shape multiple joint classes of grades 1 to 3, 4 to 6, or 7 to 9, if the number of
enrolled children per grade was lower than 16. The programme required teachers to provide at
least twelve different sports per triennia, 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, parkour, and other sports, suitable in urban settings), currently not specifically covered
in the PE curricula at the time, and PE specialist teachers also had to provide some information
on healthy dietary and lifestyle habits regarding the energy balance, limiting the consumption
of snacks and sugar sweetened beverages and promoting diverse diet. Teachers were free to
choose how to provide this information, but they typically delivered it in a form of short group
conversations at the beginning of the lessons or during short breaks between activities.
Childhood obesity was not a specific target of the intervention per se. However, a helpful by-
product of increasing overall PA by providing an additional two or three PE lessons was the
opportunity to improve the energy balance and support the maintenance of healthy weights
among 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 context and settings. Parents
only provided consent for their children to be involved in the intervention, but did not receive
any educational materials, and were not involved in the intervention programme in any other

way.
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New schools were joining the programme 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 2011-2018 period. On the other
hand, the intervention faced a serious challenge in the school year 2015/16 when financing was
suspended for several months, due to administrative reasons. This resulted in a considerable

reduction of delivered lessons compared to previous years (Table 1).

Table 1. Participation in Healthy Lifestyle intervention and related costs in the period 2010-

2018

School year 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 2017/18
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
(EUR)

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

N- number; EUR - expressed in Euro currency

4.2.2 Study design and sample

The protocol, measurement procedures and data management of the SLOfit surveillance system
was approved by the National Medical Ethics Committee of the Republic of Slovenia (No.
52/03/14) and was in accordance with the Helsinki Declaration. Healthy Lifestyle intervention
did not require ethical approval since it was not an experimental study and was independently
evaluated by the SLOfit system. This intervention was implemented at a national level but
participation was voluntarily. This provided the opportunity to treat it as a natural experiment
where weight outcomes in children receiving the intervention could be compared to those that
didn’t receive it. In Slovenia there are 451 primary schools, 216 of which volunteered to
implement the intervention for at least one school year. Each year, the Slovenian Sports Office
published a public call and schools were free to submit their applications. All the schools which
applied in any of the years were granted the funding, and no school was ever refused the
funding. Participating schools did not differ from non-participating 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 have been included in
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the intervention in each single year and around 96 % of the children from participating schools
were measured within the SLOfit system every year. Due to natural experiment design,
intervention assignment on both the school and individual level were outside of the study’s
control (with schools joining in different years and children joining, leaving, and re-joining the
intervention at different ages), which resulted in unfeasibly large number of durations to
consider when evaluating the intervention effects. Hence, only children who participated in the
intervention continuously over a certain period (1-5 years) were included. The analysis was also
restricted 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. These children were
compared to a control group of children who attended participating schools but were not
involved in the intervention at any time. All analyses were stratified by the number of
consecutive years of participation or non-participation in the intervention. The longer the
participation, less generations of children 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, the analyses were restricted to five consecutive years of
participation.

4.2.3 Anthropometric measurements

Height, weight, and triceps skinfold were obtained through the SLOfit system—the Slovenian
national fitness surveillance system—in accordance with the standardized and uniform protocol
(11) and ina blinded fashion regarding the intervention involvement. The SLOfit measurements
are organized in all Slovenian schools every April, assuring 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 the schools
are equipped with standard measuring equipment. All PE teachers in Slovenia are educated in
a single 5-year study programme 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 anthropometric measurements. Height is measured in the
standing position with stadiometer to the nearest mm, and weight with medical scale to the
nearest 0.1 kg. The measurements are sent to the Laboratory for Diagnostics of Somatic and

Motor Development at the Faculty of Sport, where the data is checked for logistical errors, any
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errors are communicated to teachers for immediate correction. The participation rate of children
in SLOfit for the period studied here (i.e., 2010-2018) surpassed 94% in all years.

4.2.4 Statistical methods

Because the aim of this study was to examine the effects of an intervention scaled-up to a
population level, a Generalized Estimating Equations (GEE) (13) formula was used — one of
the population average models (or marginal models) that tests the average effects on population
level, instead of examining individual-level effects. GEE models (14) also provide robust
parameter estimates regardless of assumed variance-covariance correlation matrix and deal well
with missing data. Unlike traditional basic regression models, GEE approach can handle
multilevel, clustered and autocorrelated data, and does not require distributional assumptions
(e.g., normally distributed data). The multilevel structure of the data was accounted for by
considering clustering at the school level, but not at the exercise group level as this information
was not available. The change in BMI was analysed using a linear scale response. Because of
the balanced data, a first-order autoregressive correlation structure (AR-1) for all GEE models
(14) was used. Time—as within-subject variable—was categorized into five categories,
contrasting baseline versus 1%, 2", 3 4™ and 5" year of children’s participation or non-
participation 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 local environment (Municipality Development Index), individual risk of obesity (baseline
percentile of triceps skinfold thickness of an individual), proxy of 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). Since
seeking 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, 30 different models
were produced with all potentially moderating covariates included. The criteria for normal
weight were BMI < 85" percentile of national age and sex specific BMI values, calculated on
the data of over 7.5 million measurements in the period 1989-2020. The overweight group
criteria were defined as 85" > BMI < 95" percentile, and obesity group criteria was set at BMI
> 95" percentile. As GEE does not contain an intuitive statistical effect size metric, the effect
size in terms of clinical significance of observed effects (i.e., beta coefficients) and related
uncertainty estimates (i.e., 95% CIl) were reported and discussed. These effects denote

differences in BMI between intervention and control group at a given time point.
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The number of obesity cases reversed was calculated as the difference between the number
of obesity cases at baseline year and final year for all five participation durations. Chi-square
test was used to assess the difference in number of cases with obesity between the baseline and
final year in each duration scenario. Cramer’s V was calculated as a measure of effect size.
Number needed to treat (NNT: number of children that need to be involved in the intervention
to reverse one additional obesity case) was calculated using a modification to the standard
equation. First, a difference between favourable clinical outcome rate between experimental
and control was calculated (i.e., the difference between obesity reversal rate). In the next step,
NNT was calculated as the inverse of this number and rounded up to the higher whole number
(15).

Independent sample t-test was used to check baseline differences in age, triceps skinfold,
height, BMI and school baseline obesity between the intervention and control group. All
statistical analyses were stratified by sex, were performed with IBM SPSS 26.0 and statistical

significance was set at a = 0.05.

4.3 Results

There are 451 primary schools in Slovenia, out of which 216 (48 %) were part of the Healthy
Lifestyle during the final year of the intervention. At baseline, the intervention cohort included
29152 children, and the control cohort included 34473 children. The number of participants in
both the intervention and control cohort dropped continuously with duration of intervention and
amounted to 2337 (8 %) and 4502 (13 %), respectively, in a 5-year participation scenario
(Figure 1). This phenomenon was largely due to children finishing primary education, and in
part due to children leaving the intervention. The differences between children that adhered to
the intervention and their peers who dropped out at any point are shown in Tables S1 and S2.
Children who dropped out were about 1 year older and came from schools with slightly lower

levels of baseline obesity.
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Total number of children from 216 intervention primary schools
included in the initial experimental sample

boys = 33,378
girls = 31,496

Excluded measurements of
children without baseline
weight status or missing data
due to missing measurement
rounds

boys = 630
girls =619

Annual analyses of obesity in intervention cohort:

Nyr1 = 15,634 boys, 13,518 girls
Nyr2 = 8,523 boys, 6,770 girls
Nyr3 = 4,988 boys, 3,612 girls
Nyrs = 2,686 boys, 1,736 girls
Nyrs = 1,461 boys, 876 girls

Annual analyses of obesity in control cohort:

Nyr1= 17,114 boys, 17,359 girls
Nyr = 10,603 boys, 11,206 girls
Nyrs ys= 6,867 bo, 7,559 girls
Nyrs = 3,655 boys, 4,111 girls
Nyrs = 2,101 boys, 2,401 girls

Figure 1. Study design and flowchart of the study sample
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Characteristics of participants at baseline according to consecutive years of participation in
the intervention are shown in Table 2. Age differences were apparent between the intervention
and control in all five analysed participation durations, with the age difference declining
between groups with longer participation duration. The intervention group had higher height
percentile, BMI percentile and the prevalence of obesity in all five participation durations
(Table 2).

Table 2. Characteristics of participants at baseline according to consecutive years of

participation in the intervention.

Duration

Age (SD)

Height percentile
(SD)

BMI
Percentile (SD)

Triceps skinfold
Percentile (SD)

School-level
obesity in % (SD)

Baseline control

10.37 (2.26)*

52.43 (28.79)

52.41 (29.72)*

54.66 (28.85)*

7.12 (2.80)**

Baseline intervention 9.06 (2.25)* 52.32 (28.74) 52.94 (29.30)* 55.17 (28.63)* 7.65 (3.11)**
1 year control 11.37 (2.26)** 53.30 (28.78)* 52.32 (29.78)* 55.19 (28.66) 7.12 (2.80)**
1 year intervention 10.06 (2.25)** 53.93 (28.64)* 53.05 (29.46)* 55.47 (28.39) 7.65 (3.11)**

2 years control

11.98 (1.96)**

53.81 (28.69)**

52.24 (29.73)**

54.45 (28.91)**

7.04 (2.75)%*

2 years intervention

10.55 (1.96)**

54.90 (28.41)**

53.72 (29.43)**

55.74 (28.81)*

7.99 (3.28)*

3 years control

12.42 (1.70)**

53.72 (28.86)**

51.68 (29.77)**

54.61 (28.95)%

7.03 (2.76)

3 years intervention 11.19 (1.70)** 55.56 (28.38)** 53.46 (29.44)* 55.64 (28.61) 8.22 (3.35)*
4 years control 12.82 (L44)* 53.38 (28.79)** 50.66 (29.78) 54.31 (28.87) 7.01 (2.78)
4 years intervention 11.86 (1.46)** 55.86 (28.26)** 52.49 (29.74)* 54.94 (28.94) 8.42 (3.47)*

5 years control

13.19 (1.20)**

53.07 (28.73)**

50.16 (29.85)**

53.88 (28.66)*

7.03 (2.75)**

5 years intervention

12.60 (1.20)**

56.06 (28.10)**

53.23 (29.50)**

55.78 (29.34)*

8.49 (3.56)**

Data are presented as mean (SD). Difference between groups were tested by independent sample t-test; *significant difference between
intervention and control group, p < .05; ** significant difference between intervention and control group, p < .005

Unadjusted prevalence of obesity that shows obesity trends in intervention schools compared
to the trends in all other Slovenian schools which were never included in the intervention is
presented in Figure 2. The schools that decided to join the intervention typically had 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 due to delayed and reduced financing. Next, in schools that joined
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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. Lastly, despite much higher obesity prevalence
at baseline, schools that joined the intervention in the first five years managed to achieve and
sustain lower obesity rates than non-participating schools. The same was not seen for schools
joining in 2016, 2017 or 2018.

2011 (N = 78) 2012 (N = 32)
9%
8%
6%
5%
2013 (N = 19) 2014 (N = 17)

9%
8%
7% e N T e

6% \\ .

5%
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Prevalence of obesity (%)
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2017 (N = 8) 2018 (N =13)
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o Baselineyear ~ ..... Pre/post intervention period
Other schools ——Intervention period

Figure 2. Time trends in obesity prevalence in intervention schools vs. other schools, stratified

by intervention start year.
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Next, the GEE analysis showed increasingly lower average BMI in intervention group

compared to controls with longer participation in intervention in all three weight groups in both

genders (Tables 3 and 4). Generally, in girls the magnitude of effects plateaued after 3 (girls

with normal weight and girls with obesity) or 4 years of participation (girls with overweight) at
around 1-1.4 kg/m? (girls with normal weight: B=0.937, 95%CI=0.845-1.029; girls with
overweight: B=1.151, 95%CI1=0.785-1.517; girls with obesity: B=1.417, 95%CI1=0.959-1.875).
In boys, the effects plateaued after 3 years at around 0.8-0.9 kg/m? (boys with normal weight:
B=0.851, 95%CI=0.766-0.935; boys with overweight: B=0.766; 95%CI=0.542-0.989; boys
with obesity: B=0.889, 95%CI=0.461-1.316).

Table 3. Generalised estimating equations analysis of effects on BMI change in control vs

intervention in girls

Duration B SE 95% ClI Wald x2 P value
Lower | 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 0.84 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 1417 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

B=unstandardised regression coefficient; SE= standard error; Cl=confidence interval
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Table 4. Generalised estimating equations analysis of effects on BMI change in control vs

intervention in boys

Duration B SE 95% ClI Wald x2 P value
Lower 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
3years 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
3years 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 4514 0.034
5 years 0.834 0.3707 0.107 1.56 5.056 0.025

B=unstandardised regression coefficient; SE= standard error; Cl=confidence interval

To assess the effect of the intervention on obesity, the transition of children with obesity at
baseline (N = 4,063) to overweight or normal weight for each of the 5 participation durations
were analysed. The results shown in Table 5 reveal that for the reversal of obesity the
intervention was more effective in girls for whom statistically significant differences between
the control and intervention group was seen after two years [p = 0.016, Cramer’s V = 0.072],
three years [p = 0.002, Cramer’s V = 0.120], 4 years [p = 0.024, Cramer’s V = 0.122], and five
years of participation [p = 0.033, Cramer’s V = 0.154]. On the other hand, in boys the
intervention started to show effects a bit later, and the difference between the intervention and
the control group reached significance threshold only in participation durations of three years
[p = 0.011, Cramer’s V = 0.092], and five years [p = 0.027, Cramer’s V = 0.157]. In line with
this, the NNT also decreased steadily with the duration of the programme in both sexes, with
generally lower numbers for girls. The lowest NNTs were seen for 5 years of participation in

the programme (NNT=17 and 12 for girls and boys, respectively).
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Table 5. Number of reversed cases of children with obesity across five different durations of

participation/nonparticipation

Control Intervention
Duration Sex N of obesity | N of Obesity reversal N of N of obesity Obesity NNT
cases obesity rate (per 10000) obesity cases reversed reversal rate
cases cases (per 10000)
reversed
1 year Boys 1111 9 81 1004 7 69 -886
Girls 1119 1 8 829 2 24 659
2 years Boys 666 9 135 573 10 174 254
Girls 692 3 43 420 8 190* 68
3 years Boys 428 10 233 338 20 591* 28
Girls 466 5 107 203 10 492* 26
4 years Boys 195 12 615 154 16 1038 24
Girls 240 6 250 103 8 776* 19
5 years Boys 104 5 480 94 13 1382* 12
Girls 138 2 144 54 4 740* 17

*p<0.05; NNT — number needed to treat (number of children that should be involved in the intervention to reverse one additional obesity

case)

4.4 Discussion

This study investigated the effectiveness of a scaled-up, population-based, long-lasting PA
intervention on obesity-related outcomes in children aged 6-14 years, while using a complex
analytical design to reflect diverse, real word scenarios. The principal result of the study was
that children included in the Healthy Lifestyle intervention had significantly lower BMI rise
than the control group. The difference in BMI was growing with years of participation in the
intervention and was the largest in children initially with obesity. Furthermore, reversal of
obesity was more common in the intervention group in cases where children were involved in
the programme for at least 3 consecutive years, while maximal treatment effects were seen after

four years of participation in girls and after five years of participation in boys.

The findings are in line with the observed (pre-pandemic) trends among Slovenian children,
which shows that the increase in the prevalence of overweight and obesity has been decreasing
over the last decade with larger reduction in boys compared to 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.
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It was observed that the effect of the intervention on BMI was generally larger in girls than
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 school environment. During leisure time
girls are usually less active compared to 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 constituted a higher share of daily PA in girls, causing larger intervention
effects than in boys. Contrary to this study, a recent meta-analysis of school-based PA
programmes reported that fitness-oriented interventions such as the one analysed here produced
larger effects in boys than in girls (7). Whether the Healthy Lifestyle intervention provided a
larger stimulus for girls than for boys given their lower daily physical activity level remains to
be confirmed in the 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 content of the
intervention examined might have been more appropriate for girls than for boys. In addition,
earlier maturation of girls might have confounded intervention effects on BMI although this
was adjusted for in the analyses for height percentile to reduce this effect. Notwithstanding the
increase in BMI of girls during puberty due to increase in subcutaneous fat, the reduction of

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

The Healthy lifestyle intervention produced very large and clinically meaningful differences in
BMI compared to controls, particularly in children with overweight and obesity. At the same
time, it has to be noted that BMI is not the most accurate estimate of adiposity due to a well-
known limitation of its inability to distinguish between fat and muscle mass (19). Thus, PA
interventions could have positive effects on children having overweight and obesity by
changing their body composition and altering their risk for possible future health impairments
associated with excess body fat even in the absence of changes in body weight. Thus, the effects
of the Healthy lifestyle intervention on body composition may have been even higher than
reported if fat mass could have been used as an outcome measure instead of BMI. A study
including obese children aged 7-17 years showed that even a small reduction in BMI z-score (>
0.00-< 0.10) improved health markers such as insulin sensitivity which reduces the risk for
future non-communicable (20). Standards for a BMI z-score reduction for each subgroup of
children and adolescents depending on a different baseline weight status do not exist, which

makes is difficult to evaluate the effectiveness of an intervention based exclusively on BMI
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values without additional health markers. This limits the reliability of conclusions about the
clinical effectiveness. Although maturation effect was adjusted for in the models, it cannot be
ruled out the residual effect of growth could have resulted in the underestimation of the true
effect of the intervention.

While the analyses focussed on weight-related outcomes, there are several other benefits
incurred by a fitness-oriented PA programme such as the one analysed here. Unhealthy weight
status is associated with increased risk for several chronic diseases including diabetes,
cardiovascular diseases, osteoarthritis, and some types of cancer (21). Obesity is one of the
main modifiable risk factors for insulin resistance in children and adolescents (22). Also, in
children with obesity, adequate PA and fitness results in favourable cardiovascular health
despite adiposity and good cardiovascular health can serve as a protective component from
heart-related disease even in childhood (23).

The Healthy Lifestyle intervention was effective in reversing obesity, reaching its highest
efficiency after five years of participation. Unsurprisingly, the longer the intervention lasts for
a given child/youth, the more profound the potential treatment effect keeping in mind the
concept of obesity as a chronic disease. Even though the intervention lasted eight years, the
analyses was limited to five years of participation because the number of children who persisted
more than five years was less than 800 in boys and less than 500 in girls. Hence, it remains to
be seen if programmes that last more than five years are accompanied with a further reduction
in NNT statistics. The findings are in line with a recent small-scale study from Denmark that
provided NNT estimates of an intensive PE programme to prevent overweight or obesity in a
cohort (N= 1009) of 5-12-years-old children (24). The authors calculated that 18 children,
irrespective of their weight status, will need to participate in 270 min of PE per week for 2 years
to prevent one additional case of overweight or obesity compared to the usual PE lasting 90
min/week (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 a 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 into real world settings engrosses public health, where

these interventions are vast in size and have an adequate extension to reach a larger proportion
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of the targeted population (25). Drawbacks and risks associated with scale-up and real-world
setting immersion are commonly related to lack of funding and consequently poor intervention
implementation and loss of effectiveness (26). This is exactly what happened to the population-
based, scaled-up intervention analysed in this study, when for one year (i.e., 2015/2016) funding
was limited due to legislation impediment and was accompanied by a reduction of beneficial
effects of an intervention on obesity related outcomes. On the other hand, only 2/216 schools
voluntarily decided to discontinue the intervention. Moreover, a large dropout of children after
5 years of the programme noted in this study is mostly a natural phenomenon. Namely, many
children who were in grade 4 when they started the programme, finished primary school after
five years and continued their high school education. The sustainability of interventions across
longer periods, while implemented in the entire population of school-aged children and
adolescents must be ensured for favourable outcomes to be present continuously. This is
supported by the World Health Organization’s recommendation which emphasizes that
interventions lasting more than a year provide larger effects in comparison to shorter ones (27).
At the same time the results of our study show that the recommended one-year minimum might
not be enough in reversing the current childhood obesity pandemic. Additionally, since the
largest differences in BMI reduction between groups were present after 3 years of involvement,

continuous all-in approach on every level of the intervention is crucial, including funding.

The successful implementation of the programme was supported by PE teachers, who
possess more specific knowledge on PA, compared to classroom teachers. A meta-analysis of
interventions focusing on PE lessons showed that an effective intervention approach included
appropriate instruction alongside class organisation and management (28). Moreover, PE
teachers were more successful compared to classroom teachers in terms of enhancing physical

fitness of children through higher competences in planning and delivering PE lessons (29).

4.4.1 Strengths and limitations

This study has many strengths including: 1) a population-scaled-up intervention delivered in
real-world settings; 2) a large number of children of diverse age which contributes to higher
generalizability of these findings; 3) a longitudinal design implemented over a five-year period,
which allowed for inferences about the casual relationship between the intervention and
obesity-related outcomes, while also examining the sustainability of the effects over time; 4)

analyses stratified by sex, providing even more specific insight into the effects of the
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intervention; 5) models adjusted for several important covariates - baseline school-level obesity
prevalence, economic affluence of local environment, individual baseline risk of obesity, and
individual maturation rate; 6) controlling 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 (30,
31); 7) programme was delivered by specialist PE teachers rather than by less competent (in
terms of PA instruction), classroom teachers or other professional profiles.

There are also several limitations that deserve highlighting. First, BMI is not the most accurate
estimate of adiposity due to a well-known limitation; its inability to distinguish between fat and
muscle mass (19). However, BMI is considered a feasible outcome variable since it is non-
invasive and an easily applicable method in the context of ethical requirements and legislative
regulations. Second, the height percentile was used as a proxy to maturation rate, which is not
ideal measure of maturation since it only shows the percentile deviation from the expected
height (32, 33). Although higher percentiles at the time of the pubertal growth spurt are
indicators of accelerated growth, this indicator is less reliable in preadolescents (34, 35). Third,
this study was 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 several other important determinants of obesity and weight change (other than
diet and PA) 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 (36). Fourth, as this is a natural experiment
and not a randomised control trial, the possibility of sampling bias due to the non-random,
voluntary enrolment approach used in this study needs to be acknowledged. Thus, it is possible
that some children and adolescents who may have been prone to behaviour change, would have
wanted to be a part of this intervention, as opposed to children with the opposite characteristics.
Nevertheless, baseline differences between the control and experimental group in terms of BMI
and triceps skinfold thickness were small to trivial. In addition, the baseline risk of obesity, and
school-level prevalence of obesity were included as covariates in all analyses to reduce the
possible effects of sampling bias. Fifth, there was no information available on adherence, but
the fact that the intervention was mandatory after enrolment underlined the importance of
attending the predetermined program and guaranteed high attendance rates. Sixth, although
additional PE lessons provided within this intervention were organized to take place

immediately after the end of regular school hours, they were not integrated into obligatory
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curriculum. While this fact has not affected participation rates in this context, it is
acknowledged that this might create additional implementation barriers in other educational
systems or contexts (e.g., transportation issues). Lastly, while horizontally scaling up the
intervention, it was not possible to collect other implementation outcomes across the various

schools and participation years.

4.5 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 obesity, such that the programme was able to benefit children needing support
the most. The number needed to treat for obesity reversal decreased with intervention duration,
emphasising the benefit of longer-term PA programmes. Policymakers 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.
Lastly, the population-scaled PA intervention analysed here was shown to be more effective
among girls than boys, particularly for children living with overweight or obesity at the start of
the programme. The reasons for this sex inequality need to be elucidated to guide the design of

more equitable future PA programmes in schools.
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Highlights:

e A 12-week low-dose HIIT program can improve cardiorespiratory fitness in youth.

e ITT analysis provides evidence of efficacy of the program when delivered in a group
setting.

e HIIT paradigms that improve other components of fitness need to be examined.
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Abstract

The aim of this study was to determine the efficacy of a high intensity interval training (HIIT)
intervention lasting 12 weeks on fitness (cardiorespiratory fitness, muscular strength, muscular
endurance, power, speed, flexibility, and balance) and adiposity of 10- to 15-year-old students
implemented during their physical education (PE). The focus of this study was to compare two
approaches to increasing fitness level among school-aged children, one approach focusing on
regular PE sessions in accordance with the curriculum and another one on regular PE classes
augmented by HIIT. A cluster-randomized controlled trial was conducted (February-May 2022,
Zagreb, Croatia). The total number of students across both groups was 207. General linear
models were used to compare fitness and adiposity changes in both groups based on the Eurofit
test battery. A significant effect of the HIIT intervention was present for the 20-meter shuttle
run test (p=0.001; d=0.31). The effect of the intervention compared to the control was estimated
as an additional 181.2 meters, 95%CI (70.4 to 292.0). An additional intention-to-treat (ITT)
analysis showed that the effect of the HIIT intervention on 20-meter shuttle run test remained
statistically significant (p=0.011), though the magnitude of the estimated effect was reduced
from 181.2 meters; SE=55.4 to 119.6 meters; SE=46.4). Whilst it appears HIIT had the opposite
of the expected effect on body fat percentiles, the effect on body composition was inconsistent.
The intervention is registered at the Australian New Zealand Clinical Trials Registry
(ANZCTR) [ACTRN12622000209796].

Key words: cardiorespiratory, overweight, obesity, children, adolescents, intervention, school.
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PA — physical activity

PE — physical education

84



5.1 Introduction

Physical activity (PA) is vital for optimum human body functioning, while lack of PA causes
maladaptation in the human condition which may lead to poorer quality of life (1). Prolonged
lack of PA is associated with impaired glucose metabolism and cardiometabolic disorders
which consequently lead to increases in mortality worldwide (2). Globally, three in four
adolescents aged 11-17 years do not currently meet the global PA recommendations for
maintaining optimal health (3), putting them at risk for coronary heart disease, metabolic
impairments, some types of cancer, and premature death (4). Despite available evidence in
favour of PA, lack of PA among children and adolescents is extensive and contributes to adverse
health outcomes (5, 6).

Widespread lack of PA is associated with declining fitness among children and adolescents
(7), with trends most likely continuing into adulthood (8). Several studies demonstrate declining
cardiorespiratory fitness (CRF) (9-11), flexibility (12), and strength (13). Nevertheless, poor
fitness is a strong predictor for many noncommunicable diseases (NCD) in many countries (14-
17). CRF, muscular fitness and speed are all inversely correlated with overall adiposity in
children (18), and with abdominal adiposity among adolescents (19). The majority of NCDs
start developing during youth (20), emphasizing the need for implementation of more effective

solutions to enhance fitness tailored according to needs of children and adolescents.

High intensity interval training (HIIT) has been shown to be an efficacious and time efficient
strategy for enhancing CRF and body composition in adolescents (21). When implemented in
physical education (PE), HIIT can create enough time for learning opportunities while
stimulating fitness (22). In comparison to low- and moderate-intensity activities, HIIT produces
larger improvements in systolic blood pressure and CRF in youth with excess weight (23),
further emphasizing its effectiveness (24). HIIT-based interventions also resulted in
improvements in body composition among adolescents (21). Furthermore, HIIT stimulates
greater neuromuscular and anaerobic development in comparison to other types of exercise

(25). These benefits, however, are largely dependent on different types of HIIT designs.

Interventions within PE enable teachers to meet educative and health outcomes
simultaneously (22, 26). Schools provide a convenient setting for fitness-based interventions as
many have the human (peers, parents, and teachers) and built (buildings, equipment, outdoor
space) infrastructure for such activities (27). Based on the inconsistency in findings that largely

depend on different HIIT designs, with this trail we wanted to see if a short HIIT session lasting
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only 10 minutes and performed only 2 times per week could be a supraliminal stimulus to
facilitate positive changes in fitness and body composition outcomes. Therefore, the aim of this
study was to determine the efficacy of a 12-week HIIT program implemented in PE on the
health-related fitness and adiposity status of 10- to 15-year-old students.

5.2 Methods
5.2.1 Trial design

Using a cluster-randomized control trial design (pre-test/post-test), classes in one school were
randomly allocated to the intervention or the control group using an unbiased coin
randomization process by school personnel after baseline data had been collected. In each of
grades 5-8, one whole class was allocated to the intervention and the other to the control. The
focus of the trial was to compare two approaches to increasing fitness among school-aged
children, one focusing on regular PE sessions in accordance with the curriculum, the other on
regular PE classes augmented by HIIT. Baseline data were collected the week before the start
of the trial and post-test data after the 12-week period. The study design and participant flow

chart are shown in figure 1.

5.2.2 Participants

Children attending grades 5-8 were recruited for this trial with no exclusion criteria. All children
in these classes agreed to participate voluntarily and provided written consent from a parent or
a guardian, including a health status report from the family doctor. The trial was carried out
with all students irrespective of their abilities in accordance with an intention-to-treat (ITT)
principle (28). Fitness and adiposity outcomes were measured for all children who were present
during initial and final measurements, regardless of their overall proportion of participation in
the classes. The calculated sample size required for this intervention to detect statistical

significance (p<0.05) at d=0.3 between groups was 87 students.

5.2.3 Intervention

The study was performed in Zagreb, Croatia (February-May 2022) according to the Declaration
of Helsinki and the procedures were approved by the Ethics Committee of the Faculty of
Kinesiology, University of Zagreb (No. 38./2021.). The intervention is registered at the
Australian New Zealand Clinical Trials Registry (ANZCTR) [ACTRN12622000209796]. The
intervention provided two 10-minutes HIIT sessions per week at the beginning of regular PE
classes. The intervention lasted 12 weeks, offering 24 sessions across the whole semester to

students involved in the HIIT program. One PE teacher delivered sessions to all participants.
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An increase in overall intensity of PA was considered a beneficial approach not only for

enhancing fitness, but also as a by-product, promoting a healthy weight. The HIIT program

presented in Table 1 was followed, with almost all children completing the program during each

HIIT session. Adherence in terms of frequency and intensity was consistent across all sessions.

In a supportive environment following several lockdowns due to the COVID-19 pandemic, all

children cooperated with the teacher and were highly motivated to improve their abilities and

achieve health benefits.

Table 1. Intervention HIIT program

Lesson Phase

Example 1

Example 2

Example 3

Example 4

Prep Phase
(2 mins)

Jumping Jacks x 10
Running in Place x 10
Rhythmic Jumping x 10
Repeat until time is up

Diamond Jumps x 10
High Knee Runs x 10
Speed Skaters x 10
Repeat until time is up

Power Jumping x 10
Mountain Climbers x 10
Tuck Jumps x 10
Repeat until time is up

Squat Jumps x 10
Burpees x 10

Plank Jacks x 10
Repeat until time is up

Passive Recovery
Heart rate Check (30
sec)

Standing still take pulse (6
seconds x 10)

Standing still take pulse (6
seconds x 10)

Standing still take pulse (6
seconds x 10)

Standing still take pulse (6
seconds x 10)

Work Phase 1
(2 mins)

Push-ups x 10

5m Shuttle Sprint x 10
Squats x 10

5m Shuttle Sprint x 10
Repeat until time is up

Chair Triceps Dips x 10
5m Shuttle Sprint x 10
Reverse Lunge x 10

5m Shuttle Sprint x 10
Repeat until time is up

Twisting Push-ups x 10
5m Shuttle Sprint x 10
Plank Leg Raises x 10
5m Shuttle Sprint x 10
Repeat until time is up

Plank to Push-ups x 10
5m Shuttle Sprint x 10
V-Sit x 10

5m Shuttle Sprint x 10
Repeat until time is up

Passive Recovery

Standing still take pulse (6

Standing still take pulse (6

Standing still take pulse (6

Standing still take pulse (6

Heart rate Check (30 seconds x 10) seconds x 10) seconds x 10) seconds x 10)

Sec)

Work Phase 2 Twisting Push-ups x 10 Plank to Push-ups x 10 Push-ups x 10 Chair Triceps Dips x 10
(2 mins) 5m Shuttle Sprint x 10 5m Shuttle Sprint x 10 5m Shuttle Sprint x 10 5m Shuttle Sprint x 10

Plank Leg Raises x 10
5m Shuttle Sprint x 10
Repeat until time is up

V-Sit x 10
5m Shuttle Sprint x 10
Repeat until time is up

Squats x 10
5m Shuttle Sprint x 10
Repeat until time is up

Reverse Lunge x 10
5m Shuttle Sprint x 10
Repeat until time is up

Active Recovery
(2 mins)

Dynamic/static stretching.

Dynamic/static stretching

Dynamic/static stretching

Dynamic/static stretching

Body of Lesson

Teacher returns to the
normal teaching program
for the remaining lesson
time

Teacher returns to the
normal teaching program
for the remaining lesson
time

Teacher returns to the
normal teaching program
for the remaining lesson
time

Teacher returns to the
normal teaching program
for the remaining lesson
time

An example HIIT session comprised: preparation phase (2 minutes), passive rest (30

seconds), working phase (2 minutes), passive rest (30 seconds), working phase (2 minutes), and

active rest (2 minutes). Working phases required maximal exertion, and during the following

passive rests the heart beat was counted in a standing position for 6 seconds, subsequently

multiplied by 10. Based on this, the load level was monitored. Students had one introductory

session to learn how to carry out this self-assessment. If the heart rate (HR) was estimated as

low, i.e., below 13 beats in 6 seconds (13x10=130 bpm), children were encouraged to increase

the intensity of the exercise during working phases. HR monitors were not used, so no objective
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measurements of HR were made, which precluded measures of exercise load or intensity.
However, by self-assessment children were able to learn to approximately track their own
exercise exertion without any necessary equipment, emphasizing the educative component of

the intervention which contributed to positive feedback from children.

Regular PE classes were based on the embedded curriculum. An example regular PE class
comprised: introductory warm-up (5 minutes); preparatory exercises (10 minutes); ‘Part A’ (15
minutes), elements specific to the sport of the day; ‘Part B’ (10 minutes), a relay game; final
part (5 minutes) including stretching. The intervention group had HIIT instead of the
introductory and preparatory sections and continued with Part A after the HIIT was completed.
5.2.4 Measurements

Participants were weighed barefoot wearing light clothes with a pre-calibrated digital scale to
the nearest 0.1 kg. Height was taken to the nearest 0.1 cm using an anthropometer (GPM, Siber-
Hegner & Co., Zurich, Switzerland). BMI was calculated as body weight in kilograms divided
by body height in meters squared (kg/m2) (29). Body fat percentage was determined using a
Tanita BC-418 Segmental Body Composition Analyzer with correction for light indoor
clothing. The student stood barefoot with weight equally distributed between both legs on the
analyzer and held a pair of handgrips, one in each hand (30). Although we used the Tanita
analyser for the purpose of estimating body fat in our sample, there is still inconsistent evidence
regarding the validity of this method (31-37).

The Eurofit test battery was used to assess fitness (38); it included flamingo balance test,
plate tapping test, sit and reach test, standing long jump, handgrip test, sit-ups for 30 seconds,
bent arm hang, 10 x 5 m shuttle run, and 20-meter shuttle run. The Eurofit test battery has
reported acceptable levels of validity and reliability for fitness assessment in adolescents and
has been widely used around the world (39, 40, 41).

5.2.5 Data Collection

Stations were used for fitness and adiposity assessments: (1) height, weight, body fat percentage
and Eurofit tests except 20-meter shuttle run test were performed on the same day; (2) children
were divided into small subgroups of up to four, and each subgroup started with a different test
measurement; (3) after completion of a test, subgroups moved to the next test clockwise. Pre-
test instructions were given to children visually without possibility of trying the test before the
actual measurement. Children were encouraged and monitored to put maximal effort into each

test. The supportive school environment provided additional external motivation for this
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purpose. The 20-meter shuttle run test was performed separately during the same week but on
a different day due to time restriction of 45 minutes per PE class. For the shuttle run test children
were divided into two groups, each consisting of maximum 15 students. All tests were
performed during one week or two regular PE classes. Two postgraduate kinesiology students
trained to carry out fitness and adiposity measurements were present at each test, both blinded
from group allocation; one student performed measurements and the other helped with
transitions between tests.

5.2.6 Statistical methods

Independent samples t-tests were used to check the baseline differences in age, height, BMI,
and body fat percentage. Body fat percentiles for the sample were calculated based on LMS
values reported by a German study (42). Further, BMI percentiles and height percentiles were
calculated using World Health Organization LMS values (43). General linear models were used
to compare final fitness and adiposity values between intervention and control groups, adjusted
for the baseline values of evaluated traits, baseline age, baseline body fat percentile values and

sex using Minitab™ statistical software (version 21, Minitab Ltd., www.minitab.com) (44).

Changes in BMI values were examined using a Percent over BMI method (BMI50) and the
Healthy Fitness Zone continuum (BMI85) which avoid the pattern of a positive mean change
in BMI1% in children at lower baseline BMI score, and a negative mean change in BMI1% in

ones at higher baseline BMI score (45).

Using an ITT principle, children randomized before the start of the trial were also included
in final analyses regardless of the proportion of their participation in the intervention throughout
the 12-week period. In this way, the true efficacy of the intervention implemented within a real-
world environment could be assessed. Moreover, additional analyses were carried out to assess
the effect of missing data due to absence of children from school during final measurements or
their inability or reluctance to perform a specific test. IBM SPSS 28.0. Statistics

(www.ibm.com/au-en/products/spss-statistics) was used for missing data management.

Statistical significance was set at p<0.05.

5.3 Results

5.3.1 Recruitment

The number of children included in the intervention and control groups was 105 (mean age *
SD =12.1+1.1) and 102 (mean age + SD =12.5 £ 1.4). The study experienced a sample decline

due to several reasons: absence of children from the school during final measurements,
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reluctance to perform a specific test, or injury (figure 1). This was resolved by accounting for

missing data.
BASELINE MEASUREMENTS (FEB 2022)
NUMBER OF STUDENTS ENROLLED IN SCHOOL (n=207)
EXCLUDED (n=0)
All children present during initial measurements were randomized
ALLOCATION FINAL MEASUREMENTS
FEB 2022 MAY 2022
HIIT intervention Control group HIIT intervention Control group
group (105) without HIIT (102) group without HIIT
Body fat percentiles n=90 n=85 n=82 n=75

Flamingo balance 92 88 86 78
Plate tapping 92 88 84 77
Sit and reach 92 88 85 78
Standing long jump 90 84 82 75
Handgrip 93 88 86 78
Sit-ups 30s 90 86 82 75
Bent arm hang 93 88 84 76
10 x 5 m shuttle run 90 84 78 74
20-m shuttle run 73 81 53 66

Analyses were made according to the number of individuals present during final measurements
for each outcome separately.

\

Intention-to-treat analyses
Analyses were made after any missing final values were replaced by initial values
(for statistically significant variables only).

Y

Body fat percentiles n=90 n=85
20-m shuttle run n=73 n=81

Figure 1. Study design and participant flow chart throughout the study

5.3.2 Baseline findings

At baseline the intervention group had a similar proportion of boys and girls, whereas the
control group had a slightly higher proportion of boys (p=0.52). In girls, the baseline difference
in age, height, BMI, and body fat percentage between groups was not statistically significant.
In boys, a marginally significant difference between groups was present for age (p=0.04) and

BMI (p=0.04), with higher baseline values among controls (table 2). According to the age and
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sex-specific BMI cut-off points (46), 69.7% of the sample had normal weight, 23.4% had
overweight and 6.9% had obesity. Further, for the 20-meter shuttle run test, the HIIT group had
a distance much lower than the control group (592.1 meters compared to 755. 6 meters).
Although we adjusted our analysis age, sex and baseline values, it is still worth noting this
occurrence. Possible reasons could be an older control group (although not much older) or a
slightly higher proportion of boys in the control group. However, when reanalyzing data, we
did not observe any abnormality that would account for this unusual difference.

Table 2. Baseline differences in anthropometric values between the intervention and the control
group.

Intervention (n=105) Control (n=102) p-value
Age (years) 12.10 (1.11) 12.54 (1.35) 0.010
Height (cm) 159.44 (8.33) 161.00 (11.00) 0.306
BMI (kg/m?) 20.09 (3.81) 20.58 (3.77) 0.393
Body fat (%) 2152 (9.52) 22.14 (9.30) 0.662

Mean (standard deviation); Height — expressed in centimeters; BMI - body mass index - the ratio of body weight in kilograms and body height
in meters squared; Body fat — determined using Tanita BC-418 Segmental Body Composition Analyzer.

5.3.3 Post-test findings

The general linear model analyses showed no significant effect of the HIIT intervention
for fitness results which required balance, coordination, speed, flexibility, power, static
strength, muscular endurance, or non-reactive agility. However, the HIIT intervention
significantly improved student performance on the 20-meter shuttle run test with a small to
medium effect (p=0.001; d=0.31) when adjusted for baseline age, sex, body fat percentiles and
pre-intervention results. The effect of the intervention compared to the control is estimated as
an additional 181.2 meters, 95%CI (70.4, 292.0), which translates to nine more sublevels
attained by the group having the HIIT program (Table 3). Raw initial and final values for all

fitness outcomes are displayed for both groups (Table 4).
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Table 3. Post-intervention effects on fitness and body composition outcomes

TESTS Change Coef SE Coef p-value 95% ClI partial etasq
Flamingo balance (n) 0.314 0.480 0.515 -0.636, 1.262 0.003
Plate tapping (sec) 0.034 0.220 0.878 -0.402,0.470 0.0002
Sit and reach (cm) -1.286 0.742 0.085 -2.749,0.179 0.019
Standing long jump (cm) -3.622 1.948 0.065 -7.47,0.23 0.023
Handgrip (kg) -0.160 0.656 0.809 -1.454,1.136 0.0004
Sit-ups 30s (n) 0.580 0.356 0.106 -0.126, 1.285 0.018
Bent arm hang (sec) 0.712 1.918 0.711 -3.08, 4.50 0.0009
10 x 5 m shuttle run (sec) 0.186 0.294 0.530 -0.396, 0.766 0.003
20-m shuttle run (m) 181.2 55.40 0.001 71.4,291.2 0.091
BMI (kg/m?) 0.225 0.117 0.056 -0.006, 0.456 0.024
Body fat (%) 0.730 0.335 0.031 0.069, 1.391 0.030

Coef — Difference in the change coefficient from initial to final between intervention and control (+ indicates favor for the intervention group
and — indicates favor for the control group); SE Coef - Standard errors; Flamingo balance test — number of touch downs; Plate tapping test —
number of seconds for 25 repetitions; Sit and reach test — expressed in centimeters; Standing long jump — expressed in centimeters; Handgrip
test — expressed in kilograms; Sit-ups for 30 seconds —number of repetitions in 30 seconds; Bent arm hang — expressed in seconds; 10 x5 m
shuttle run — expressed in seconds; and 20-m shuttle run — expressed in meters. BMI - body mass index - the ratio of body weight in kilograms
and body height in meters squared; Body fat — determined using Tanita BC-418 Segmental Body Composition Analyzer. A significant
improvement in 20-m shuttle run has been adjusted for age, sex and baseline values.

Table 4. Initial and final measurements for the intervention and control group

TESTS Intervention Control Intervention Control

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Initial measurements Final measurements

Flamingo balance (n) 11.45 (7.20) 10.25 (6.36) 4.68 (3.51) 4.29 (3.22)
Plate tapping (sec) 11.22 (1.64) 11.37 (1.93) 11.40 (2.02) 11.25 (1.57)
Sit and reach (cm) 5.84 (9.29) 5.27 (10.07) 4.79 (9.26) 5.52 (9.87)
Standing long jump (cm) 167.43 (27.26) 169.40 (30.94) 167.30 (28.31) 173.10 (29.07)
Handgrip (kg) 24.89 (6.07) 23.41 (8.15) 30.59 (5.92) 30.85 (6.81)
Sit-ups 30s (n) 22.72 (4.18) 22.05 (3.43) 21.45 (3.99) 20.84 (3.61)
Bent arm hang (sec) 23.78 (23.82) 22.05 (21.62) 24.07 (18.76) 22.59 (15.45)
10 x 5 m shuttle run (sec) 22.60 (2.27) 22.35 (2.85) 21.78 (2.45) 21.43 (2.43)
20-m shuttle run (m) 592.1 (311.5) 755.6 (389.9) 906.60 (457.50) 862.50 (416.10)

Mean (SD) — mean values and standard deviations for initial and final values for both groups; Flamingo balance test -number of touch downs;
Plate tapping test —number of seconds for 25 repetitions; Sit and reach test — expressed in centimeters; Standing long jump — expressed in
centimeters; Handgrip test — expressed in kilograms; Sit-ups for 30 seconds — number of repetitions in 30 seconds; Bent arm hang — expressed
in seconds; 10 x 5 m shuttle run — expressed in seconds; and 20-m shuttle run — expressed in meters.

The HIIT intervention did not have any significant effect on BMI percentile values, BMI50

nor BMI85 when adjusted for age, sex, centile group, and initial BMI values. However, the
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group having regular PE classes showed statistically significantly lower body fat percentile
values after the 12-week period compared to the intervention group; though significant, the
effect was negligible to small (p=0.025; d=0.17). The effect of the regular PE classes compared
to HIIT intervention is estimated as 2.76 percentiles, 95% CI (0.3, 5.1), with lower values
among controls. No adverse health outcomes were reported.

5.3.4 Sensitivity analyses

This study conducted ITT analyses for the 20-meter shuttle run test and the body fat percentile
values, thus increasing the number of cases utilized in each analysis (from n=119 to n=154 for
the shuttle run, and n=157 to n=175 for the body fat percentiles). The effect of the HIIT
intervention remained statistically significant for the shuttle run test (from p=0.001 to p=0.011),
though the magnitude of the estimated effect was reduced (from 181.2 meters; SE=55.4t0 119.6
meters; SE=46.4 in favor of the experimental group). The anomalous statistical significance of
the regular PE on the body fat percentile results was also no longer evident following the ITT
analysis (from p=0.03 to p=0.086).

It also carried out a complete imputation of missing data for all the outcome variables using
the automated multiple imputation method, based on the characteristics of the data available.
The completed imputed data set was then used to repeat the previous analyses. Again, the
significance of the previous results was maintained, though the magnitude of the effects was
reduced. For the shuttle run test, statistical significance changed from p=0.001 to p=0.003, and
the effect from 181.2 meters; SE=55.4 to 122.9 meters; SE=41.4 in favor of the intervention
group. For the body fat percentiles, statistical significance changed from p=0.025 to p=0.11,
and the effect from 2.76 percentiles; SE=1.22 to 3.17 percentiles; SE= 1.97, in favor of the

control group.

5.4. Discussion

This study investigated the efficacy of a 12-week HIIT intervention on health-related fitness
and adiposity in children aged 10-15. Children included in the HIIT intervention significantly
improved their performance in the 20-meter shuttle run test; a commonly used test in PE for
assessing CRF (47). A small to medium effect remains relevant as cardiorespiratory impairment
accounts for 31.5% of all deaths and 45% of all NCDs-related deaths annually worldwide (48).
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The results are consistent with a recently published meta-analysis indicating that HIIT has a
statistically significant effect on CRF among youth (49). Also, HIIT outperforms moderate
intensity continuous PA for CRF among children and adolescents (50), including youth with
obesity (51). HIIT is also considered a time-efficient strategy, allowing PE teachers to meet
health and educative outcomes concurrently, thus increasing the quality of PE (22). Given that
the intervention was short in duration, it further highlights the magnitude of the impact HIIT
can have on CRF in youth. The sustainability and trajectories of HIIT effects on CRF should
be the focus of future research since previous longitudinal studies have shown that the low level
of CRF in adults is partly determined by fitness level during youth (52). Further, there was no
estimate of VO2max change from the 20-meter shuttle run results, since many of the equations
developed for this purpose for children and adolescents are lacking external validity of
estimation when applied to different populations (53) and lack sufficient sensitivity to detect
small changes in CRF in intervention studies of this size (54).

This intervention did not show any statistically significant effect on other fitness outcomes
including balance, coordination, speed, flexibility, power, static strength, muscular endurance,
or non-reactive agility. Although the HIIT protocol did not stimulate the necessary
neuromuscular adaptations in children and adolescents for muscular performance (55), it did
include activities that focused on different muscular groups normally used for strength, speed,
power, non-reactive agility, and muscular endurance development. The pervasive lack of
specificity in HIIT programs (21) should therefore be resolved in order for HIIT to allow for
muscular and cardiorespiratory adaptations simultaneously. A meta-analysis focusing on the
effects of resistance training in prepubertal and post pubertal healthy children and adolescents
found that more exercise sessions per week cause larger strength development with longer
interventions being more beneficial than short ones (56). Hence, short-term HIIT interventions
with only two 10-minute-long sessions per week within PE may not provide enough stimulus
for this broader degree of fitness enhancement. To reach such an efficacy threshold, long-term
HIIT interventions appear to be required that have more frequent sessions but are still capable
of providing sufficient youth engagement in PE. Implementation of short and small dose HIIT
interventions within PE does not seem to have a demonstrable effect on fitness other than the
cardiorespiratory gains. Furthermore, although all students undertook stretching at the end of
each HIIT session, no statistically significant effect of the intervention was seen on flexibility.
This is consistent with a recent meta-analysis that showed that HIIT has no impact on flexibility

development (21).
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Sensitive periods for developing different motor abilities must also be considered when
planning HIIT intervention for different age groups (57), where this should represent a priority
during HIIT implementation. Additionally, adaptations are generally larger for untrained
individuals compared to trained ones (58). This also highlights the possible impact of children's
participation in PA outside the school environment and their PA levels during the Covid-19

pandemic as this intervention was carried out after several lockdowns.

Although the effect was negligible to small, the group having regular PE classes without
HIIT showed statistically significantly lower body fat percentile values after 12 weeks
compared to the intervention group. This is the opposite of expected, since several studies have
indicated significant improvements in body fat % following a 3-month HIIT intervention (59,
60). A recent meta-analysis of randomized controlled trials which included youth with obesity
found no significant difference between HIIT and moderate intensity continuous exercise on
body fat % (61). However, the results are supported by a recently published study on adolescent
boys with obesity showing that although a 12-week school-based HIIT protocol significantly
decreased visceral adiposity, moderate intensity continuous exercise significantly decreased
body fat % (62). Such inconsistency among different studies is highlighted by a systematic
review finding that the effectiveness of HIIT for improving body composition in both children
and adolescents remains unclear (24). Nevertheless, school-based interventions that are fitness-
oriented showed larger potential for improving body composition compared to other types of
PA interventions (63), where optimal CRF represents a favorable cardiorespiratory predictor

regardless of the level of adiposity in youth (64).

This study utilized the ITT principle whereby it analyzed data from all individuals regardless
of their total participation time during the 12-week period. Excluding individuals who did not
follow the planned protocol may introduce unnecessary bias and reduce the accuracy of
conclusions about the efficacy of the intervention. Therefore, the ITT method provides a less
biased interpretation of the outcomes at the level of adherence in the intervention (28). The
largest drop out was for the 20-meter shuttle run test (Figure 1). The reason behind this smaller
adherence could partly be explained by the fact that the 20-meter shuttle run test was performed
separately during the same week but on a different day. Also, it is possible that children were
intentionally absent from the final class when this test was conducted because they were aware
of the physical exertion it requires. Still, the fact that the efficacy of the intervention was

maintained after imputing missing data for the 20-meter shuttle run test, both by using an ITT
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approach and by using imputation for all missing values, highlights HIIT as useful influence on
CRF in children and adolescents. Additionally, after implementing an ITT approach the effect
of a regular PE curriculum without HIIT intervention was no longer significant for body fat

percentile values implying trivial occurrence.

5.4.1 Strengths and limitations

This study has many strengths including: 1) the cluster randomized controlled trial design
which provides direct evidence of cause—effect relationships with minimal sampling bias; 2)
the inclusion of classes from one school where the same PE teacher provided PE lessons across
one school year thus bypassing possible hierarchical structures and correlations between
different subgroups of classes; 3) using the ITT protocol; 4) accounting for missing data due to
students’ absence during final measurements; 5) the PE specialist delivered the intervention;

and 6) including BMI50 and BMI85 as more appropriate outcomes for monitoring change.

There are also several limitations. First, the lack of objective heart rate assessment prevented
precise load monitoring. Further, no ratings of perceived exertion were collected for analysis.
Second, no information on the eating habits of students included in both groups, nor on the
amount of PA outside the intervention, was collected. This was also the case for several other
factors that impact fitness and adiposity, such as genetic disparities, epigenetics, endocrine
impairments, sleep, infection, and socio-economic determinants (65). Third, most of the
evidence comes from short-term, small-scale HIIT trials like this intervention. However, global
low fitness levels during youth require long-lasting scaled-up interventions that are capable of
increasing levels of PA in populations across different strata of society (66). Fourth, although
it used the Tanita analyzer for the purpose of estimating body fat in the sample, inconsistent
evidence regarding the validity of this method prevented us from confidently presenting body
composition results. These data could have important implications for the lack of body

composition findings (31-37).

5.5 Conclusions

We found that a 12-week HIIT intervention delivered in regular PE classes was effective for
increasing CRF in youth when assessed via 20-meter shuttle run test. This effect occurred with

a low dose of HIIT during PE undertaken twice a week with no adverse health outcomes
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reported. The efficacy of the intervention on CRF was maintained even after using an ITT
approach, making our conclusions even stronger. Hence, decision-making institutions and
funding bodies should be aware that low CRF is a chronic condition that can be improved even
with a short HIIT intervention. However, scaled-up long-term HIIT interventions could
represent a better solution for overcoming poor CRF in children and adolescents.
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Chapter 6

Conclusion

6.1 General conclusion

This dissertation comprises three studies with related research questions and aims. All of these
studies focused on strategies for the prevention and treatment of obesity and improvement of
physical fitness in children and adolescents set in schools. In this dissertation, adiposity, PA,
and physical fitness are regarded as closely related aspects of human health in that research
about one cannot be fully understood without the other two.

First, this dissertation was intended to bridge an existing gap in which the specific
characteristics of successfully implemented PA interventions were not well understood. A
comparison of the effects of three groups of interventions was conducted: 1) programs that
aimed to reduce sedentary behaviour, 2) interventions that were intended to increase PA, and
3) interventions that were designed to improve physical fitness. In order to cover a complete
spectrum of PA interventions, all school-based interventions that targeted energy expenditure,
regardless of the type or duration of the intervention, were included. The wide range of included
interventions served to identify features that enhance the effectiveness of these programs in the
primary prevention of obesity, with a special focus on the type of energy expenditure
component targeted. This is what distinguishes this dissertation. In none of the previously
published studies has there been an attempt to document and analyse specific elements of PA
programs (18, 19, 20, 25, 26, 27, 28, 29). Moreover, several of these analyses might have missed
large studies because they were restricted to randomised designs (26, 29). Others were restricted
to high-income countries (19) or to a single obesity-related outcome (27, 28). The search
identified 146 reports that provided relevant data for meta-analysis. Point estimates in % body
fat were higher for fitness interventions compared with PA interventions. Including
consideration of sedentary behaviour with a PA-oriented or fitness-oriented intervention was
not accompanied by an increase in intervention effectiveness because the point estimates were
slightly smaller compared with PA-only or fitness-only interventions. Overall, the effects
tended to be larger in girls than in boys, especially for PA + sedentary behaviour interventions.
There was some evidence of inequality in that the effects on BMI were seen when interventions
were delivered in the general population but not in groups of disadvantaged children.

Ultimately, school-based PA interventions appear to be an effective strategy in the primary
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prevention of childhood obesity among 6- to 12-year-old children but targeting sedentary
behaviour in addition to PA or fitness does not increase the effectiveness of an intervention.
Overall, interventions that are specifically oriented toward improving physical fitness produce
greater effects on obesity-related outcomes compared to interventions that are only oriented
toward increasing PA levels without a specific focus on physical fitness. Thus, efficiency is
achieved through specificity. Also, more intense PA in fitness-oriented interventions has been
shown to have even greater effects on obesity-related outcomes, meaning that efficiency is also
achieved with the intensity of PA. Therefore, if the intervention is aimed at improving physical
fitness and encouraging intensity during the intervention, positive changes in obesity-related
outcomes could be expected. However, maximizing programs for the public health benefit
require population-based and long-term approaches, which is exactly what the intervention
described.

Second, in this dissertation the effectiveness of a population-based, real-world, scaled-up,
longitudinal PA intervention, Healthy Lifestyle on BMI, in children aged 6-14 in Slovenia is
reported. 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 each
day, delivered by PE specialist teachers in lower classes of primary schools (149). In Healthy
Lifestyle intervention schools were free to choose the contents of the intervention according to
their possibilities, traditions, interests, etc. However, the contents had to be sporting activities,
which means mostly vigorous activities. The intervention on a nation-wide scale would fail if
the contents were prescribed since it would disable differentiation, which was necessary due to
differences between different exercise groups. The common thing was that all children had five
hours of PE per week and that the Healthy Lifestyle lessons were implemented by specialist PE
teacher. It would be impossible to replicate the protocol regarding contents but not regarding
the increase of PE lessons (additional time allocation) and quality of exercise (highly competent
PE teachers). In this dissertation, | have used a complex analytical design that allowed for a
comparison of different durations regarding years of involvement in the intervention. Models
were adjusted for several important confounders such as baseline school-level obesity
prevalence, economic affluence of the local environment, individual baseline risk of obesity,
and individual maturation rate. The maturation effect was controlled because it can blur the
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 (150,

151). The intervention was effective in both preventing and reducing obesity. Moreover, the
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effect of the intervention on BMI was greatest in children initially presenting with obesity and
smallest in children initially presenting with normal weight, implying that the PA intervention
exerted the largest health benefit to those who needed it most. The data imply that, to be
effective at reducing obesity for children of both sexes in this age group, the intervention must
last a minimum of 3 consecutive years without any interruption in funding. Even temporary
disruptions in extended interventions attenuate their long-term effectiveness. Furthermore, the
number needed to treat for one obesity case reversal decreased with duration of the intervention,
emphasising the need for long-term PA programs. It is worth discussing the large 95% CI for
girls having obesity after five years (Table 3). Confidence interval tends to grow larger as the
sample size decreases. This is because with a smaller sample size there is less information
available to estimate the population parameter and so the estimate is likely to be less precise.
As a result, the margin of error which determines the width of the confidence interval is larger
with a smaller sample size. Every year the sample size was smaller due to a natural drop-out
because children were finishing their primary school. However, it also should be noted that
there were many more cases of obesity reversed in girls from the experimental group and this
is why the number of obese girls declined (not because they dropped out). This increased the
uncertainty of the estimate i.e., 95% CI. Therefore, we have too few of those who stayed that
long in the program, but it is possible that a longer duration i.e., beyond 4 years does not
contribute to the effectiveness of the program (those who respond well are cured, and the rest
are resistant to this type of treatment program). However, policymakers and funding bodies
should be aware that obesity is a chronic condition that needs to be dealt with over a long
timeframe and that easy solutions and immediate effects are neither realistic nor sustainable.
The intervention was more effective among girls than among boys, particularly for children
living with overweight or obesity at the start of the program. This is in line with a meta-analysis
described in the previous paragraph. Reasons for this sex inequality need to be elucidated in

future studies to guide the design of more equitable future PA programs in schools.

In order to make the intervention more convenient to implement within the school system
and PE, it was worth examining a time-efficient approach that enables fitness and educational
results at the same time, such as high-intensity interval training. Moreover, because
cardiorespiratory fitness is considered to be an even more important modifiable risk factor
compared to obesity for many non-communicable diseases, this dissertation was intended to
determine the efficacy of a high-intensity interval training (HIIT) intervention lasting 12 weeks

on health-related fitness and adiposity of 10- to 15-year-old students implemented during their
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PE classes. The focus was to compare two approaches for increasing fitness among school-aged
children, one approach focusing on regular PE sessions in accordance with the curriculum and
another on regular PE classes augmented by HIIT. A significant effect of the HIIT intervention
was present for the 20-meter shuttle-run test scores. An additional intention-to-treat (ITT) (152)
analysis showed that the effect remained statistically significant, although the magnitude of the
estimated effect was reduced. Therefore, this intervention was effective for enhancing CRF in
youth when assessed with 20-meter shuttle-run test scores. This effect occurred with a relatively
low dose of HIIT during PE lessons undertaken twice a week with no adverse health outcomes
reported. The fact that the efficacy of the intervention on CRF was maintained even after using
an ITT approach, makes these conclusions stronger. Despite the strength of these findings when
analysing adiposity, | noticed an outcome that contradicted expectations. The group having
regular PE classes showed statistically significantly lower body fat percentile values after the
12-week period compared to the intervention group having HIIT; though significant, the effect
was negligible to small. However, this anomalous result was no longer evident following the
ITT analysis. There was no statistical reason for showing information on body fat percentile
rather than body fat percentage. The percentile includes some adjustment for age while the
percentage does not. While analysing data, | used body fat percentage in an early model that
included age (allowance for age) and then replaced it with body fat percentile later. Since the
effect was the same, only one outcome was presented for simplicity and brevity. In terms of
gender, there were no significant effects from including gender in the models. As a result,
separation by gender did not occur (though gender was accommodated for by including it in the
models). These results indicate that decision-making institutions and funding bodies should be
aware that low CRF is a chronic condition that can be improved with relatively low doses of an
HIIT intervention. However, long-term improvement of CRF with short implementations is
neither realistic, nor attainable, where scaled-up long-term HIIT interventions could represent
a better solution for overcoming poor CRF in children and adolescents. Last but not least, it has
to be noted that sometimes physical fitness tests stigmatize the least physically fit children in
the school system which is why it is important to follow several psychological implications and
practices during testing. Focusing on enjoyment during PA which leads to regular PA,
integrating testing into PE curriculum, working in informal environment with a partner, active
fitness development planning and tailoring testing to task-oriented (skill mastery) and ego-

oriented students (challenges) with feedbacks from PE teachers is considered desirable (148).
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The overall and final conclusion resulting from this dissertation is that school-based PA
programs represent a powerful tool for obesity management and cardiorespiratory fitness
enhancement. Tailoring interventions toward increasing fitness among children and adolescents
should be a priority because these interventions have a twofold benefit: 1) they are effective in
preventing and treating obesity, and 2) if implemented using an HIIT approach, they can
effectively increase CRF in a relatively short period of time. A scaled-up, long-lasting approach
should be the goal of any intervention because this approach was shown to be effective not only
for preventing obesity but also for reversing obesity among children and adolescents. The
longer the intervention lasts, the more effective it becomes, especially for individuals who need

the intervention the most, that is, those who suffer from obesity.

6.2 Strengths and limitations of this dissertation

This dissertation has many strengths. By analysing the effects of different school-based PA
programs on obesity prevention and physical fitness enhancement, in this dissertation | have:
(1) identified the most effective programs in school environment aimed at combatting
childhood obesity; (2) provided evidence for the effectiveness of a scaled-up, long-lasting PA
program at the population level; and (3) offered evidence for a time-efficient HIIT intervention
within PE as a tool to improve cardiorespiratory fitness among children and adolescents—even
with a relatively low implementation dose. By analysing the effects of these programs in
subgroups of children stratified by characteristics, this dissertation contains detailed
information directed toward more precise organisation and implementation of future school-
based PA programs. The results presented here will help target interventions for priority groups
of children and tailor interventions according to the needs of specific groups of children and

adolescents.

First, this dissertation includes qualities superior to similar studies for several reasons. When
conducting a review and meta-analysis the search strategy did not rely on strategies exhibited
in prior reviews. Instead, eight databases were searched, as were grey literature sources. Unlike
most of the previous similar reviews, the search was not limited to the English language, thus
increasing the probability of obtaining evidence from low-to-middle-income countries. Next,
different study designs were included instead of constraining the search to RCTs, although
control groups were required to minimise bias. Detailed data on the content of interventions is
provided, with a special reference to the frequency, intensity, duration, and type of PA.
Measures of body composition were included instead of relying only on BMI, which is regularly

critiqued as an imperfect measure of adiposity. Furthermore, BMI can be affected by PA
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through an increase in lean body mass which then typically leads to underestimation of

intervention effects on adiposity.

Second, this dissertation includes a population-based, scaled-up intervention delivered
exclusively by PE specialist teachers in real-world settings. A large number of children of
diverse ages were included, which contributes to higher generalisability of the findings. A
longitudinal design was implemented over a 5-year period. This allowed us to examine causal
relationships between the intervention and obesity-related outcomes while also examining
sustainability of the effects over a long intervention period. Moreover, analyses were stratified
by sex, providing even more specific insights into the effects of the intervention. Models were
adjusted for several important confounders: baseline school-level obesity prevalence, economic
affluence of the local environment, individual baseline risk of obesity, and individual
maturation rate. Control of the maturation effect was present, which can blur the decline in body
mass due to increased accumulation of subcutaneous fat before the growth spurt as well as
increased gaining of muscle mass in boys and fat mass in girls entering puberty. The program
was delivered by PE specialist teachers rather than by less-qualified (in terms of PA instruction)
classroom teachers or people with other professional profiles. In general, PE specialist teachers
have more specific knowledge about physical activity, physical fitness and sports science. In
our intervention, this showed to be a great benefit for the children and adolescents involved.
This was not perceived as a limitation or an obstacle to a successful scale-up. However, in a
situation where there is a lack of PE specialist teachers, this might be a limitation. Still, in terms
of intervention delivery, PE specialist teachers have the best physical and sport specific
knowledge which worked perfectly in our case given the fact that we had enough highly

educated PE teachers.

Third, this dissertation includes a cluster RCT providing direct evidence of cause—effect
relationships between the HIIT program and fitness outcomes with minimal sampling bias.
Also, classes were included from one school where the same PE teacher provided PE lessons
across one school year, thus bypassing possible hierarchical structures and correlations between
different subgroups of classes. The ITT principle was used, resulting in children who were
randomised also being analysed regardless of their amount of participation in the intervention
even if they were not present during the final measurements. Missing data due to students’
absence during final measurements were taken into account. The intervention was delivered by
a PE specialist rather than by possibly less-competent classroom teachers. Although the

intervention was not associated with any effect on BMI, it included BMI50 and BMI85 as
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outcome variables to avoid the pattern of a positive mean change in BMI% in children with
lower baseline BMI scores and a negative mean change in BMI% in children with higher
baseline BMI scores.

This dissertation has some limitations. First, when conducting a meta-analysis studies
written in non-European languages were not included, raising the possibility that studies from
Asia or Africa were missed. Large variability in intervention characteristics led to statistical
heterogeneity, which warrants caution when interpreting the results of a meta-analysis. More
than one-third of the studies that met the inclusion criteria failed to provide all the data needed
for a meta-analysis. Given the large number of studies included in the quantitative synthesis,
qualitative synthesis of these studies was not performed. Therefore, it cannot be inferred that
the results of this additional qualitative evidence synthesis would agree with conclusions based
on a quantitative synthesis. Next, a large number of researchers failed to document the exact
duration of PA and even fewer researchers conducting these studies quantified the intensity of
the activities that were implemented. This limitation prevented us from describing a dose—
response relationship. Although the study restrained from predefining specific obesity-related
outcomes, a sufficient number of studies for a meta-analysis was found only for BMI, BMI z-
score, and % body fat. Both BMI and BMI z-score have often been criticised for inadequately
assessing change in adiposity. Abundant evidence has emerged that supports replacing BMI or
the BMI z-score with metrics that can better capture longitudinal changes in obesity (e.g.,
percent over BMI (BMI50) and health fitness zone continuum (BMI85). Unfortunately, these
alternative metrics are still seldom considered when examining the effects of PA-intervention
studies. Additionally, the large variability in reporting prevented us from analysing the effects
of PA interventions on overweight prevalence and abdominal obesity. Furthermore, a limited
number of studies identified in some subgroups restricted the assessment of effect modification.
Finally, because only two studies focused exclusively on reducing sedentary behaviour, it was
not possible to compute reliable estimates of the effects of such interventions on obesity-related

outcomes.

Second, BMI is not the most accurate estimate of adiposity due to its well-known inability
to distinguish between fat and muscle mass. Still, BMI is considered a feasible outcome variable
because it is non-invasive and an easily applicable method in the context of ethical requirements
and legislative regulations. When evaluating Healthy Lifestyle intervention, height percentile
as a proxy for maturation rate was used, which is not an ideal measure of maturation because it

shows only the percentile deviation from expected height. Although higher percentiles at the
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time of the pubertal growth spurt are indicators of accelerated growth, this indicator is less
reliable in preadolescents. Information about dietary habits, PA outside the intervention, and
screen time was not collected despite these variables being important in childhood obesity
management. In addition, there are several important determinants of obesity and weight
change (other than diet and PA) that were not recorded in this study, and thus were not included
in the analyses. Examples are genetic variation, epigenetics, endocrine disease, central nervous
system pathology, sleep, infection, and socioeconomic and cultural factors. Because Healthy
Lifestyle intervention was a natural experiment, not a RCT, there is a possibility of sampling
bias due to non-random, voluntary enrolment. Thus, it is possible that some children and
adolescents who may have been prone to behaviour 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 participation. Nevertheless, baseline differences between the control and
experimental group in terms of BMI and triceps skinfold thickness were small to trivial;
furthermore, baseline risk of obesity and school-level prevalence of obesity were included as
confounders in all analyses to reduce the possible effects of sampling bias. Next, information
on adherence is not available, but the fact that the intervention was mandatory after enrolment
underlined the importance of attending the predetermined program and guaranteed high
attendance rates. Although additional PE lessons provided within this intervention were
organised to take place immediately after the end of regular school hours, they were not
integrated into an obligatory curriculum. Although this did not affect participation rates in the
context of the study, it is acknowledged that this might raise additional implementation barriers
(e.g., transportation issues) in other educational systems. Lastly, despite horizontally scaling up
the intervention, it failed to collect other implementation outcomes across the schools and

participation years.

Third, when evaluating HIIT intervention the lack of objective heart-rate assessment
prevented precise load monitoring, and no data on perceived exertion apart from the verbal
feedback received from children during the intervention was collected. Further, no information
about the eating habits of the students was obtained from either group, nor was amount of PA
outside the intervention collected, despite these being important factors affecting adolescents’
muscular and CRF and body composition. Several other variables that impact fitness and
adiposity were also not assessed. These include genetic disparities, epigenetics, endocrine
impairments, sleep, infection, and socioeconomic determinants. Moreover, the advantages of

HIIT programs targeting school-aged youth are well documented, but most of the evidence
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comes from short-term, small-scale trials similar to this intervention. This is problematic
because, low fitness levels and unfavourable trends in body composition during childhood and
adolescence require long-term, scaled-up interventions that are capable of increasing levels of
PA and consequently levels of physical fitness in populations across different strata of society.
Also, data on socioeconomic status do not exist, and consequently no analyses based on
economic differences were made. Lastly, although the Tanita analyser was used to estimate
body fat in the study’s sample, inconsistent evidence regarding the validity of this method
prevented the study from confidently presenting body composition results although these data
could have important implications for the lack of body composition findings. Children’s
hydration status influenced by time of day, food and drink consumed, previous exercise or
menstrual cycle could obscure accurate and real results (153-160). Unfortunately, there were
no strict pre-test requirements such as no food or drink for 4 hours before the test, no caffeine
consumption within 12 hours of the test, and no vigorous exercise within 12 hours of the test.
The reason for this was that children did other pre-planned activities such as participating in
sports and school lunches, so asking them to comply with these requirements would not be

sustainable.

6.3 Perspectives for future research

Important gaps in the evidence were uncovered by the publications included in this dissertation.
For example, by conducting a meta-analysis, very few studies were identified that focused
exclusively on decreasing sedentary behaviour, and studies that added a sedentary behaviour
component when assessing a PA or fitness-oriented program rarely went beyond educational
activities. Therefore, there is a clear need for more trials with a strict focus on sedentary
behaviours, particularly trials that use innovative approaches aligned with the interests and
routines of today’s young people. Trials that will use an active approach when addressing
sedentary behaviour instead of a passive approach where children passively learn why excessive
sedentary behavior is not consistent with improving health. Innovative approaches aligned with
interests and routines of today's young people could be using variable technology which
reminds children when it is time to move, using social media platforms and using play as a
means to get children moving. Unfortunately, no studies in which researchers evaluated the
effectiveness of wearable technology (e.g., activity trackers) or smartphones in obesity
management were found. More research on sedentary behaviour interventions is needed,
including the use of wearable technologies as interventions. Preliminary evidence that

113



interventions that used screen-based technology have successfully reduced screen time is
already available (161). Next, poor reporting on the dose of PA introduced by obesity
management interventions precludes detecting a “best-buy” quantity of PA that would provide
optimal effects with as little time and resources invested as possible. To enable dose—response
analyses, a comprehensive assessment of PA and reporting PA in sufficient detail is needed.
Although a number of studies were found that focused on disadvantaged children, very few
researchers examined how the effectiveness of PA interventions varies across different
socioeconomic strata. Direct comparisons across populations are warranted to allow tailoring
interventions to specific groups of young people.

School-based PA interventions should focus on implementing large-scale, or scalable,
population-based approaches. A lack of previously successful interventions in real-world
settings restricted the fight against the childhood obesity pandemic. Most of the evidence comes
from small-scale interventions that include a limited number of children and usually fail to
cover a complete spectrum of subgroups of children stratified by different characteristics. Thus,
evidence reporting on real-life effectiveness of PA interventions beyond well-controlled
settings is lacking. Furthermore, when designing an intervention that strives for change in
obesity prevalence among children and adolescents, long-lasting approaches should be a
priority. Longer PA interventions can serve as an excellent means for reversing obesity cases,
in addition to their preventive role. However, longitudinal approaches are closely related to
funding. Therefore, money provided, especially by an organisation or government, should
remain constant and carefully managed until the end of the period for which interventions are
planned alongside other important components like time, infrastructure and facilities. In our
case the intervention sustainability was affected by a short-term (1 year cut-back in funding).
Barriers such as funding have been highlighted by implementation and scale-up scientists (40).
This highlights the research importance of regularly collecting information about external
context for implementation and documenting challenges and facilitators using common process

evaluation metrics.

When implementing PA interventions, increasing the physical fitness of children and
adolescents must be the main target because those interventions are not only a more effective
solution for childhood obesity management, but also for CRF enhancement. A time-efficient
strategy, such as HIIT, allows for concurrent health and educative outcomes, which appears to

be an ideal approach for increasing the quality of PE delivered to youth.
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6.4 Policy and practice recommendations

Policy and practice recommendations based on evidence from all three studies included in this
dissertation are listed below.

1. This research highlights the public health importance of investing in scaling up school-
based approaches to address the childhood obesity pandemic. It also highlights the
importance of sustaining interventions over time to have a greater impact. This
sustainability is supported by a number of factors but in this research we highlighted one
factor, funding; specifically the negative impact of a decrease in funding on child obesity-
related outcomes. Thus, models that ensure sustained funding over time need to be
considered.

2. School based physical activity interventions are important but our research showed the
importance of enhancing physical fitness as one component of a school-based approach to
manage childhood obesity. Fitness-oriented interventions also enhance cardiorespiratory
fitness which is considered to be an even more important modifiable risk factor compared
to obesity for many non-communicable diseases.

3. Children and adolescents are usually more sensitive than adults to outside influences, thus
management interventions based on changes in the child/adolescent’s environment are
particularly attractive for changing behavior in this age group to achieve population-based
management of obesity. By providing time, facilities and equipment, program
implementation is facilitated, with supportive school environment providing additional

external motivation.
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APPENDIX A
SUPPORTING INFORMATION FOR PUBLICATION 1

Appendix Al

List S1: Medline search strategy

1.

2.

9.

exp Obesity/

obes*.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

. exp Body Weight/

. body weight.mp. [mp=title, abstract, original title, name of substance word, subject heading

word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier, synonyms]

. exp Body Weight/ or exp Weight Gain/
. exp Body Weight Changes/
. exp Body Fat Distribution/

. body fat distribution.mp. [mp=title, abstract, original title, name of substance word, subject

heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

exp Body Composition/

10. body composition.mp. [mp=title, abstract, original title, name of substance word, subject

heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

136



11.

12.

13.

14.

15.

16.

17.

18.

19.

Body Mass Index/ or BMI.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

exp Body Mass Index/

(body adj2 mass).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

overweight*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier, synonyms]
exp Overweight/

overeat*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

over eat$.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

weight.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

(body adj2 fat).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]
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20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

3

o

exp Waist Circumference/

waist circumference.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]
exp Skinfold Thickness/

skinfold thickness.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

skin fold*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier, synonyms]

(body fat and percent$).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]
exp Weight Loss/

weight loss.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

adipos*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]
exp Adipose Tissue/

. (weight adj1 (prevent$ or reduc$ or los$ or control$ or manage$)).mp. [mp=title, abstract,

original title, name of substance word, subject heading word, floating sub-heading word,
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3

-

32.

33.

34.

35.

36.

37.

38.

39.

keyword heading word, organism supplementary concept word, protocol supplementary

concept word, rare disease supplementary concept word, unique identifier, synonyms]

. (body weights and measures).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

exp Schools/

school$.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier, synonyms]

(class or classes or classroom*).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms]
exp child/

child$.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

preteen$.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

school$.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

boy*1.mp. [mp=title, abstract, original title, name of substance word, subject heading word,

floating sub-heading word, keyword heading word, organism supplementary concept
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40.

41.

42.

43.

44,

45.

46.

47.

48.

word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

girl$.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

kid*1.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

p?ediatrics.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier, synonyms]
350r 36 or 37 or 38 or 39 or 40 or 41 or 42
exp Exercise/

exercise$.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

physical activit*.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

physical inactivity.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

motor activit*.mp. [mp=title, abstract, original title, name of substance word, subject

heading word, floating sub-heading word, keyword heading word, organism
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49

5

o

51

5

N

53.

54,

55.

56.

S57.

58.

59.

supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]
. exp "Physical Education and Training"/

. physical education.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

. physical training.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

. (life style or lifestyle or life-style).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms]

leisure activit$.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]
leisure activities/ or exp recreation/ or exp relaxation/
exp Weight Lifting/

weight lift$.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]
exp sports/
exp Exercise Therapy/

exercise therapy.mp. [mp=title, abstract, original title, name of substance word, subject

heading word, floating sub-heading word, keyword heading word, organism
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supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

60. (physical$ adj5 (fit$ or train$ or active$ or endur$)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier, synonyms]

61. (physic$ adj (activ$ or fit$)).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

62. (phys$ adj3 education).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

63. (exercise$ adj5 (train$ or physical$ or activ$)).mp. [mp=title, abstract, original title, name
of substance word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms]

64. (walk$ or jog$ or swim$ or weight lift$ or danc$ or aerobics sport$).mp. [mp=title, abstract,
original title, name of substance word, subject heading word, floating sub-heading word,
keyword heading word, organism supplementary concept word, protocol supplementary

concept word, rare disease supplementary concept word, unique identifier, synonyms]

65. cycle$.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

66. ((chair or sitting or car or automobile or auto or bus or indoor or indoor or screen or
computer) adj2 time).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]
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67.

68.

69.

70.

71.

72.

73.

74.

75.

sedentar*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier, synonyms]
exp Sedentary Behavior/

seat*.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

sedentary lifestyle.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

((chair or sitting or car or automobile or bus or indoor or in-door or screen or computer) ad]
time).mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier, synonyms]

low energy expenditure.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]
exp energy intake/ or exp caloric restriction/

(screen based entertainment or screen-based entertainment or screen time).mp. [mp=title,
abstract, original title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier,

synonyms]

exp screen time/
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76.

77.

78.

79.

80.

81.

82.

83.

bed rest.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unique identifier, synonyms]

sitting.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

stationary behaviour.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

stationary behavior.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

standing.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

reclin*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

recumben*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]

lying.mp. [mp=title, abstract, original title, name of substance word, subject heading word,

floating sub-heading word, keyword heading word, organism supplementary concept
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84.

85.

86.

87.

88.

89.

90.

91.

word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

bout*.mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

television viewing.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

computer viewing.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

television game*.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

computer game*.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]

video game*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept

word, unigue identifier, synonyms]
exp physical fitness/ or exp cardiorespiratory fitness/

physical fitness.mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms]
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92. ((physic* or strength* or resist* or circuit* or weight or aerob* or cross or endurance or
structur*) adj3 train*).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary 