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Abstract

Background: Effective lifestyle interventions are needed to prevent noncommunicable diseases in low- and
middle-income countries. We analyzed the effects of a school-based health promotion intervention on physical
fitness after 28 months and explored if the effect varied with important school characteristics. We also assessed
effects on screen time, physical activity and BMI.

Methods and results: We performed a cluster-randomized pair matched trial in schools in urban Ecuador. The
intervention included an individual and environmental component tailored to the local context and resources. Primary
outcomes were physical fitness (EUROFIT battery), screen time (questionnaires) and physical activity (accelerometers).
Change in BMI was a secondary outcome. A total of 1440 grade 8 and 9 adolescents (intervention: n =700, 48.6%) and
20 schools (intervention: n = 10, 50%) participated. Data of 1083 adolescents (intervention: n =550, 50.8%) from 20
schools were analyzed.

The intervention increased vertical jump (mean effect 2.5 cm; 95% Cl 0.8-4.2; P = 0.01). Marginally insignificant,
adolescents from the intervention group needed less time for speed shuttle run (intervention effect =—-0.8 s, 95%
Cl —1.58-0.07; P = 0.05). The proportion of students achieving over 60 minutes of moderate-to-vigorous physical
activity/day decreased over time with the change in proportion significantly less in the intervention schools

(6 vs. 18 percentage points, P < 0.01). The intervention effect on speed shuttle run was significant in larger
schools while the effect on vertical jump was larger in mixed gender school compared to small and female
schools. The proportion of schools that met the recommendations for physical activity increased with 37% in
intervention schools with half-day schedule compared to the controls in the pair. No significant effects were
found on screen time and BMI. Measurement of physical activity in a subsample was a limitation. No adverse
effects were reported.

Conclusions: A school-based intervention with an individual and environment component can improve physical
fitness and can minimize the decline in physical activity levels from childhood into adolescence in urban Ecuador.

Trial registration: Clinicaltrials.gov identifier NCT01004367.
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Introduction
Lifestyle related noncommunicable diseases (NCDs) are
a leading cause of death in low- and middle-income
countries (LMICs) [1]. This is unfortunate, as they
could be prevented by tackling risk factors such as
physical inactivity [2], sedentary behavior (i.e. increased
screen time) [3] and poor physical fitness [4]. It has
been estimated that 1.3 million deaths worldwide can
be prevented if the current physical activity recom-
mendations were met [5]. Only a few LMICs have
developed strategies to improve physical activity [6].
Adolescence is an important period for the prevention
of NCDs [7] as physical inactivity [8] and poor physical
fitness [9] at early adolescence are associated with the
development of NCDs during adulthood. Furthermore,
unhealthy lifestyles [10] and physical activity patterns
[11] consolidate during adolescence and persist during
adulthood. Schools are hence appropriate settings for
health promotion programs [12,13]. Current evidence
indicates that the most effective school-based interven-
tions to increase physical activity [13] or tackle obesity
[12] are those that involve individual and physical en-
vironment component [12,13]. However, evidence to
prevent NCDs through school-based interventions in
LMICs is of low quality [14,15]. The few school-based
interventions from LMICs that aimed to promote an
active lifestyle had important methodological limita-
tions such as the absence of a theoretical framework to
guide the interventions, a weak study design, or a lack
of objectively measured outcomes [14]. This is worri-
some as adequate evidence is needed to guide alloca-
tion of scarce resources to tackle NCDs in LMICs [16].
The results of a previous study among 12-15 year
old adolescents in Cuenca, Ecuador showed that the
prevalence of overweight/obesity was around 20% [17]
and that 59% of adolescents had inadequate physical
fitness levels [18]. We implemented a school-based
health promotion intervention “ACTIVITAL” that aimed
at improving diet and physical activity. ACTIVITAL
was developed using participatory approaches and tai-
lored to the Ecuadorian school context. In the present
paper, we present the effectiveness of the trial on one
set of the primary outcomes, i.e. physical fitness,
screen time, physical activity and the effect on body
mass index (BMI) as secondary outcome. In addition,
we analyzed if the effect of the intervention varied
with important school characteristics i.e. size, type,
class schedule, gender composition and space for
physical activity. Other primary outcomes (dietary in-
take and factors influencing dietary and physical ac-
tivity behavior) are presented elsewhere to ensure
sufficient detail in presenting the findings of the trial
on physical fitness, activity and sedentary lifestyle
outcomes.

Page 2 of 17

Methods

ACTIVITAL was a pair-matched cluster randomized
controlled trial conducted from 2009 to 2012 in Cuenca,
the third largest city in Ecuador and located at an alti-
tude of +2400 m. Cluster (school) randomization was
chosen as the trial used a school-based approach. We re-
port our findings according to the CONSORT guidelines
[19]. This study was approved by two ethics committees,
the “Comité de Biomedicina de la Universidad Central
del Ecuador” from Quito - Ecuador (CBM/cobi-001 -
2008/462) and the Ghent University Hospital - Belgium
(FWA00002482).

Participants, sampling, allocation and blinding

Schools were eligible if: (i) they had >90 students in gth
and 9™ grade, and (ii) they were located in the urban area
of Cuenca, Ecuador. The eligible schools were paired ac-
cording to four criteria: (i) total number of students of the
school, (i) monthly school fee (as proxy for the socio-
economic status of the school), (iii) gender (male/female
only or mixed gender) and (iv) time schedule of classes
(morning: 7:00 to 13:00 or afternoon: 12:00 to 18:00). In
Ecuador, large schools might divide the students in two
groups because of logistic constraints. In this case the
youngest students attend classes in the afternoon and the
oldest students in the morning. Schools with no matching
pair were excluded. Sample size was calculated on a nutri-
tional outcome. Ten pairs and a sample size of 65 children
per school was required to detect a reduction of 40% to
30% energy from fat using a two side significance level
o =0.05, variation in clusters means K, =0.15 and a
power of 80% [20]. We assessed if the trial was sufficiently
powered for each of the outcomes analyzed. All outcomes
had a power >80% except for bent arm hang and 20 m
shuttle run (65% and 64% respectively). The power calcu-
lations were obtained using the formula for sample size
calculations of pair matched trials [20].

A total of 28 out of 108 schools were paired (Figure 1).
We randomly selected 10 pairs in Stata (version 12.0,
Stata Corporation, Texas, USA) using a random number
generation with random allocation of the intervention
within each pair. In each school, two 8™ grades and two
9™ grades were randomly selected and all students in
those grades were invited to participate in the study.
Pregnant adolescents and those with muscle or bone in-
juries or a concomitant disease were excluded at any
time during the trial. In total we enrolled 1430 adoles-
cents, including 10% of possible dropouts. After the
pairs were selected and the school principal accepted to
participate in the study (participation rate 100%) we ob-
tained informed assent from adolescents (acceptance
rate 85%) and written consent from caretakers (partici-
pation rate 90%). Adolescents were not informed about
the existence of a counterfactual school.
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108 schools are located in Cuenca city and assessed for
eligibility
59 schools excluded because:
- - Did not have the minimum number of 90
% »students between 8" and 9" grade (n=28)
E - Were located in the rural area of Cuenca city
= (n=31)
9 \ 4
=
L 49 schools were matched in pairs according to: (i) total number of students, (ii)
monthly school fee, (iii) gender school and (iv) time schedule of classes.
';I21 schools with no matching school |
28 schools available for random allocation within pairs |
c =}8 schools were not allocated |
O
=
m v v
8 10 schools allocated to intervention 10 schools allocated to control
— Total students=700 Total students=740
< Average cluster size= 70 Average cluster size=74
Variance of cluster=2.2 Variance of cluster=47.1
Range= 67-72 Range=68-92
A4
% A 4 Individuals lost to Lost to follow-up 24 months T ————
i Lost at follow-up 24 months (0 schools follow (0 schools, n=207 students) e fuﬁ BEESL
= n=150 students) n=119 changed Discontinued intervention 14 ; CI:W g
o Discontinued intervention (0 schools) school (0 schools) n= ﬁ alnge
> students withdraw n=150, 21.4% n=29 unwilingto [ [ students withdraw n=207,28.0% | [ __SC"9C
LL participate in h=062 Uiwllingito
measurements paiticipaterin
n=1 pregnant P measurements
! n=1 chronic disease n= pregnant
n=1 died
A A 4
10 schools analyzed 10 schools analyzed
Total students = 550 Total students = 533
Average cluster size= 55 Average cluster size= 53.3
Variance of cluster=51.1 Variance of cluster=121.3
w Range=41-64 Range=31-65
w Fitness battery completed (10 clusters/ Fitness battery completed (10 clusters/503
= 524 adolescents) adolescgnts) _ )
g Screen time questionnaire completed Screen time questionnaire completed (10
< (10 clusters/543 adolescents) clusters/528 adolescents)
Physlca| activity measurement Phy5|ca| aCthlty measurement Completed (8
completed (8 clusters/64 adolescents) clusters/60 adolescents)
Anthropometric measurements Anthropometric measurements completed
completed (10 clusters/539 adolescents) (10 clusters/521 adolescents)
Figure 1 Enrolment, allocation, follow-up and analysis of Ecuadorian adolescents in a school-based health promotion intervention.

Interventions

The intervention program was developed using the results
of needs assessment jointly with the intervention mapping
(IM) protocol [21] and Comprehensive Participatory

Planning and Evaluation (CPPE) [22]. A needs assessment

was performed through qualitative (focus groups) and
quantitative studies (physical fitness assessment). Results
of focus groups with adolescents, parents and school staff
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showed that poor knowledge on physical activity and its
importance, a preference for sedentary activities, laziness,
time constraints, parent and peer support, and role mod-
eling of famous Ecuadorian athletes were key individual
and environmental determinants of physical activity in the
study population [23]. The quantitative study (assessed
using EUROFIT battery) showed that three out of five ad-
olescents had a poor physical fitness [24].

Once the needs were identified, the CPPE approach [22]
and the IM [21] were used to define intervention objec-
tives. Using the inputs of the needs assessment and the IM
[21], the exact behavior expected from adolescents was
identified for each intervention objective. The most im-
portant and modifiable factors to reach each intervention
objective were selected from the local evidence collected
during the needs assessment, input received from the
CPPE and existing literature. Afterwards, by crossing the
expected behavior and modifiable factors, specified change
objectives were developed to guide what adolescent or
environmental agents needed to do to reach the interven-
tion objectives. Next, behavioral change techniques that
have been reported as effective [21,25] were identified and
mapped against each factors. Finally, the selected behav-
joral change techniques (the social cognitive theory,
information-motivation behavioral skills model, control
theory, trans- theoretical model and theory of planned be-
havior.) were used together with input from CPPE to cre-
ate strategies at individual and environmental level.

For physical activity specifically, the intervention ob-
jectives were: i) adolescents decrease daily screen time
(1-2 hours/day), ii) adolescents increase daily physical
activity levels to reach 60 min/day, and iii) the school of-
fers more opportunities for being active. The individual
strategy included the delivery of educational package or-
ganized at classroom level (Table 1). The persons in
charge of delivering the educational package received an
introduction to the intervention objectives and a basic
workshop on healthy eating and physical activity. The
physical activity environmental strategy included (i)
workshops with parents that were organized at the same
time as classes with adolescents and covering similar
topics; (ii) organization of social events at school such as
an interactive session with famous young athletes and
(iii) environmental modification: a walking trail was
drawn on the school playground in the second year of
the intervention. There was no minimum dose for the
activities for each of the intervention strategies. Details
of the physical activity intervention are provided in
Table 1. The control schools received the standard cur-
riculum as determined by the Ecuadorian government.
The latter is geared at increasing sports skills and sched-
ules a mandatory 80 min of physical education per week.

ACTIVITAL started in October 2009 and finished in
June 2012 ie. through the academic years 2010-2012
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with a total duration of 28 months. Once started it was
only interrupted by annual break (July and August). In the
first academic year we started with the baseline measure-
ments (October 2009 - February 2010) and the application
of the IM protocol and CPPE (March-June 2010). In the
second year we implemented a first part of the intervention
(September 2010 - February 2011) and performed an inter-
mediate follow-up (March-June 2011) in which physical fit-
ness and physical activity was not measured. In the third
year, the second part of the intervention was implemented
(September 2011- January 2012) and final measurements
were performed (from February 2012 - June 2012).

To assess progress, monitor potential adverse effects
and coordinate the intervention activities, research staff
met with schoolteachers and school managements every
two to three weeks. One person in each school (mostly
the medical doctor or the school supervisor) was assigned
as contact point between research staff and the schools.

Outcome measures

The measurements were performed when students entered
the 8" and 9™ grade (12.3 and 13.3 years respectively) and
after 28 months, at the end of the academic year. Medical
doctors, nutritionists and health professionals with field ex-
perience received a 40-hour training session to assess out-
comes. Reliability and repeatability were assessed to assure
precision and accuracy of the measurements. The research
team provided regular supervision.

Physical fitness

The EUROFIT test battery was used to assess physical
fitness in different dimensions with nine tests [26]:
cardio-respiratory endurance (20 m shuttle run test),
strength (handgrip and vertical jump test), muscular en-
durance (bent arm hang and sit-ups test), speed (speed
shuttle run and plate tapping), flexibility (sit-and-reach)
and balance (flamingo balance test). This battery was
previously validated in adolescents [27,28] and applied
in various Latin American countries [29-32] to assess
physical fitness. The vertical jump is a variation of the
original item of EUROFIT (standing broad jump) and is
valid for the assessment of muscular strength [33]. Phys-
ical fitness data were used as continuous variables. An
increase in test results indicated higher physical fitness,
apart from the speed shuttle run, the plate tapping and
flamingo balance tests for which lower scores indicated
better fitness.

Screen time

Screen time was assessed using a validated self-reported
questionnaire [34]. Adolescents reported the number of
hours per typical week and weekend day that they spent
watching television, playing videogames or using the com-
puter. Response categories were “zero”, “30 min”, “1 hour”,
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Table 1 Physical activity intervention components of the ACTIVITAL study implemented among 12-15 year old
adolescents in 10 schools of Cuenca - Ecuador during 2010-2012: description of strategies, dose and response”

What Who/ Why When How Dose/response
where
1. Individual-based
strategies
Book 1 (Curriculum) School - To create awareness September 2010 - Thought textbooks and Dose: 100% of classes
) teachers regarding the importance ~ February 2011 pedagogic materials for addressing physical activity
One out of ﬂve_chapte_rs_ and of an adequate physical teachers and students. The  component were delivered
addressed physical VY rained activity throughout Each chapter was material contained )
anq sedentary behavior. staff/ adolescence performed every educational objectives, Response: The students
This chapter was two weeks. ) - had a 95% of average
) classroom ) clear instructions for
developed to be delivered - To increase knowledge . ) attendance of classes on
) : S implementation the . .
in 90 minutes and enhance decision- physical and educational physical activity around
making skills activities during the classes 75% of adoles;ents
without additional training. shoyvgd an active
participation in the classes
54% of the scheduled
classes addressing physical
activity component were
delivered by the school
teacher
Book 2 (Curriculum) School - To encourage the September 2011- A second set of textbooks
The book contained 8 teachers adolescents to be physically January 2012. and pedagogic materials
) and active for at least 60 min Each chapter was  were developed for
chapters in total and one trained per day and to spend performed every  teachers and students. The
ccr)]rrgsp(‘)ndgq toCtEe - staff/ maximum 2 hour per day  two weeks. material contained
physical activity. Chapter ’ classroom  on sedentary activities. educational objectives and
Physical ACU.VIty 4(hovv to clear instructions for
remove ba"'efs n ordgr to implementing the physical
be, more physically active). and educational activities.
This chapter was planned
to be delivered in
90 minutes.
2. Environment-based
strategies
Parental workshops ACTIVITAL - To support healthy 1 workshop from  Workshops of 1 hour were  Dose: Two workshops
In total six workshops were staff/school  behavior of adolescents at ~ October 2010 till  delivered by the ACTIVITAL  (100%) related to physical
p d. Informative meeting home - To increase the February 2011 1 staff. Parents attendance activity component were
lpeﬂorme : . h room awareness of parents workshop from was mandatory through a  delivered as planned.
eaflets supporting the regarding the importance ~ October 2011 till  letter signed by each Response: Around 10% of
content O.f the warkshop of regular physical activity ~ January 2012 school principal Each leaflet the parents attended both
were .dlsmb(;ne.d to heach for adolescents, how to be included theoretical workshops. Around 97% of
SVZTLCS'EST Tlx‘g?/v;risho . active during the day and information, advises and the parents showed an
focused gm decreasing P how to deal with barriers benefits on the particular ~ interest in the contents of
) to be physically active. topic of the workshops the workshops
sedentary time and
increasing physical activity
(1°" year) and dealing with
barriers for physical activity
" year).
Social event Young To encourage physical Once during the A 1-hour interactive session Dose: One pep talk was
Pep talks b fl athletes/ activity through the intervention with young athletes was delivered in each school
P Y successiu auditorium  positive influence of social given. Athletes shared their  (100%)
and well-known young models personal sport experiences
male (n =3) and female ) ) Response: Around 78% of
) and gave advice on active
(n :2) ath\etgs, which lifestyles and physical gdo\escgnts showed an
were international young o interest in the pep talks.
S activity.
champions in BMX,
swimming, racquetball and
weightlifting
Walking trail and posters Physical - To increase availability September 2011 — The physical education Dose: The walking trail was
- Using line markings, a education  and accessibility to January 2012 teacher explained the implemented in the ten
) i ' teacher/ opportunities for physical students about the schools (100%)
walking trail was drawn on classroom  activity inside the schools importance of being

the school’s playground.
The length of the trail was
the perimeter of
playground.

- To motivate the students
to walk more during the
recess time

physically active and how
the students could use the

Response: Around 25% of
the adolescents used the
walking trail according to
the results of the two
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Table 1 Physical activity intervention components of the ACTIVITAL study implemented among 12-15 year old
adolescents in 10 schools of Cuenca - Ecuador during 2010-2012: description of strategies, dose and response”

(Continued)

- 3 posters suspended on
the school walls adjacent
to the trail, with phrases
like: “Do you like to talk?

Walk and Talk"
Posters for classroom ACTIVITAL - To encourage students to  Monthly from
and food tuck shop staff/ be active and eat healthy
. ) ' classroom
Fiver different posters with
K hysical and food
ey messages on physical g iho

activity and pictures of the
young athletes

October 2010 to
February 2011

walking trail to be more
active during recess.

schools where the walking
trail was evaluated.

Posters included key
messages to be active
were suspended on the
classroom walls and in
front of the food tuck
shops.

Dose: The five posters
(100%) were suspended in
the classroom and food
tuck shop

“The “ACTIVITAL" trial aimed at improving diet and physical activity. This table summarizes the physical activity component of the trial, which aimed at improving

both physical activity and sedentary behavior.

“2 hours”, “3 hours”, “4 hours”, “5 hours” and “>
6 hours”. Screen time was treated as a continuous vari-
able. We also assessed the proportion of adolescents
with screen time >3 hours/day at the end of the trial as
this cut-off has been shown to be associated with a
higher likelihood of metabolic syndrome [34].

Physical activity and sedentary time

Physical activity and sedentary time were assessed using
accelerometers (type GT-256 and GT1M Actigraph, Flor-
ida USA). Due to the high cost of the accelerometers, we
assessed physical activity in a subsample of adolescents that
was selected using a random number in Stata. The MAH/
UFFE Analyzer (version 1.9.0.3) and a syntax in Stata were
used for data reduction and to compute registered time,
the time spend on sedentary (<100 counts/min), light
(100-759 counts/min) and moderate to vigorous physical
activity (=760 counts/min) [35]. Accelerometers were worn
for 5 weekdays. As recommended, the first and last day of
measurement were excluded from the analyses as well as
those registrations with less than 540 min of registered
time per day [35]. Accelerometer data were adjusted for
the total registered time. The proportion of adolescents
who met the recommended 60 min [36] of moderate to
vigorous physical activity per day was calculated.

BMI

Weight was measured using a digital calibrated balance
(SECA 803, Hamburg, Germany) and recorded to the
nearest 100 g. Height was recorded to the nearest mm
by using a mechanical stadiometer (PORTROD, Health
o Meter, Illinois, USA). Students were measured with
light clothing and without shoes in a separate room by
a researcher of the same gender. All anthropometric
measurements were done twice and average values
were used. BMI indices were calculated using Anthro
plus (version 3.2.2, WHO Geneva, Switzerland) and
established cut-offs [37]. BMI z-score was used as an

outcome. We also assessed the effect of the interven-
tion on the proportion of adolescents with a BMI in the
healthy range [37] at the end of the study.

Other measurements

The adolescent’s knowledge on recommendations and
the importance of physical activity in adolescent health
was assessed using a questionnaire before the classes.

The socio-economic status of the adolescent’s household
was defined according to the Integrated Social Indicator
System for Ecuador [38]. The system classifies a household
as “poor” when they report to have no access to education,
health, nutrition, housing, urban services or employment,
otherwise the household is classified as “better-off”.

The following school characteristics were measured
prior to the intervention: (i) school size as binary variable
(0 =small schools; 1 =large schools) with the median
(n = 695) of the school size as cut-off; (ii) type of school as
a binary variable (0 =public; 1 = private); (iii) school
schedule as a binary variable (0 =half day; 1 =full day
schedule); (iv) school gender as a binary variable (0 = both
genders; 1 =female only). The sample did not contain
schools with only male students; and (v) physical activity
space, expressed number of students/m? of space available
for being physically active in each school. The median
(4.07 students/m?) was used as a cut-off for this.

Using a pre-defined process evaluation framework and
instruments, we also monitored the delivery of the inter-
vention. Researchers recorded attendance and participa-
tion rates during classes and the receptiveness of the
adolescents to the classes. Teachers in charge of a class
filled out a questionnaire at the end of each class to as-
sess their appreciation of the materials and the messages
conveyed. We assessed if adolescents noticed, liked and
used the walking trail using a questionnaire in a con-
venience sample of 2 schools. At the end of the work-
shop with parents, a questionnaire was administered to
parents to measure satisfaction and to get general feed-
back of the workshops. In the present manuscript we
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describe the delivery and response of the intervention. A
full process evaluation will be reported separately.

Statistical analysis

Differences at baseline between intervention groups as
well as differences dropout and remainders groups were
assessed using a t-test for continuous variables adjusted
for the pair matched allocation and x* test for categorical
variables. To estimate the effect of the intervention, we
used a difference in differences approach.

An intention-to-treat analysis was performed to assess
the intervention effect using mixed linear regression
models with the pair-matching as random effect. In such
models, the Beta coefficient of the intervention variable in-
dicates the difference in means for continuous dependent
variables and the difference in absolute risks for dichoto-
mic ones [39]. All models were adjusted for baseline BMI
z-score, gender, adolescent socio-economic status and
knowledge on recommendations and health benefits of
physical activity. We adjusted the analysis for prior know-
ledge on physical activity as it influences on how much
the new knowledge can be assimilated [40]. Akaike-
Schwartz criteria [41] were used to determine the optimal
covariance structure. To assess the effect of the adjusting,
we also analyzed the effect of the intervention using crude
models. We also tested variations of the effect by pairs of
schools by a meta-analysis with visual appraisal of the for-
est plot and heterogeneity statistics (I*) [42].

Next, we tested if the intervention had a different effect
in boys and girls using interaction term gender x alloca-
tion group. As there was substantial heterogeneity among
the pairs we explored if the intervention effect was modi-
fied by school characteristics for outcomes with a P <0.1
in the main analysis. For each outcome, we first assessed
the effect modification for the five school characteristics in
separate models (bivariate models) by including the inter-
action term of the school characteristic x intervention.
Secondly, a final model was constructed with all school
characteristics that were significantly (P < 0.05) associated
with the outcome in the bivariate models. Finally, the ana-
lysis was stratified when the interaction terms were signifi-
cant (P jpteraction < 0-1). In addition, we tested the effect of
missing data for all outcomes with P < 0.1 using a multiple
imputation method based on chained equations with 50
imputation runs. Age, BMI z-score, gender, physical activ-
ity knowledge and socio-economic status were used as
predictors in models to impute data in the pairs. All tests
were performed with a significance level of 5% and models
were evaluated for collinearity using variance inflation fac-
tors. Given the small number of pairs (n = 10), we calcu-
lated the P-values from the multilevel analyses from a
t-distribution with 9 degrees of freedom. Data were ana-
lyzed using Stata.
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Results
A total of 1440 adolescents (intervention group: n =700,
48.6%) and 20 schools (intervention group: n =10, 50%)
participated in the trial (Figure 1). Baseline characteristics
at individual and cluster level were comparable (Tables 2
and 3). Except for 20 m shuttle run, handgrip, plate tap-
ping, sedentary time and light physical activity time, there
were no significant differences in baseline characteristics.
All schools completed the trial and the sample size in-
cluded in the analyses was 1083 adolescents (63.2% girls,
intervention group: n =550, 50.8%). The attrition rate
was higher (P <0.001) in the control (28%, n =207/740)
compared to the intervention group (21%, n = 150/700).
Most of the attrition was due to adolescents changing
schools (73%, 262/357). Physical activity could not be
assessed in 47% (117/251) of the adolescents as acceler-
ometers malfunctioned (n = 70) or participants were lost
to follow-up (n =39 left school). Six students declined
to participate and 2 were pregnant. In one school, no ac-
celerometer readings were available for the same rea-
sons. Adolescents lost to follow-up had a higher baseline
score in the handgrip (P <0.001) compared to adoles-
cents who completed the trial, while the speed shuttle
run (P =0.01) and screen time during the week (P =
0.01) were better among the adolescents who completed
the trial. There was no difference for all other outcomes.
At the end of the intervention adolescents were on aver-
age 15.1 year +0.7.

Primary outcomes

Adolescents from the intervention group had a greater in-
crease in vertical jump (intervention effect =2.5 cm; 95%
CI 0.78-4.23; P =0.01). Adolescents from the control
group needed more time for speed shuttle run but this dif-
ference was small with borderline statistical significance
(intervention effect = -0.8 s, CI-1.58-0.07; P = 0.05) com-
pared to the intervention group indicating a deterioration
of physical fitness for this component. Adolescents from
the control group needed less attempts to keep their bal-
ance for the duration of one minute in flamingo balance
test (P =0.02) compared to intervention group (Table 4)
i.e. the control group had a higher improvement in
balance test compared to intervention group.

Except for a few outcomes only a small fraction
(<10%) of the intervention effect was explained by the
pairs (intraclass correlation reported in Table 4). In
addition, we observed a moderate to high (>25%) [42]
heterogeneity in the intervention effect between pairs of
schools for all but one outcome. Figure 2 illustrates this
effect heterogeneity amongst pairs of schools for vertical
jump (Table 4).

Over the intervention period, screen time increased
around 2 hours in both intervention and control groups
(Table 4). Marginally insignificant however, the
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Table 2 Participant characteristics at baseline
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n Intervention group Control group

Mean (SDP) Mean (SDY)
Age 1378 129 (0.8) 129 (0.8)
Female (%) 1440 66.4 593
Fitness
Cardiopulmonary fitness
20 m shuttle run (stage) 1363 2.5(0.7) 2.7 (0.9)
20 m shuttle run (min) 1362 1.7 (0.7) 1.9 (0.9)
Speed-agility
Speed shuttle run (s) 1389 246 (2.4) 245 (2.2)
Plate tapping (s) 1394 146 (1.9) 14.2 (2.0)
Flexibility
Sit and reach (cm) 1391 20.1 (6.6) 205 (6.3)
Muscle strength and endurance
Sit-up (number/30 s) 1389 120 39 126 (34)
Vertical jump (cm) 1391 254 (5.6) 26.0 (5.3)
Bent arm hang (s) 1390 6.0 (7.0) 6.0 (6.6)
Handgrip (kgf) 1393 184 (4.9) 19.2 (5.0)
Balance
Flamingo (trying/min) 1389 17.8 (5.8) 185 (6.0)
Screen time Median (IQR) Median (IQR)
TV in the week (h/day) 1370 0(05-20) 0(05-20)
TV in the weekend (h/day) 1370 0 (1.0 -40) 0 (1.0 - 4.0
Internet in the week (h/day) 1370 5(0.0 - 1.0) 5(0.0-1.0)
Internet in the weekend (h/day) 1370 5(0.0-1.0) 5(0.0-10)
Video games in the week (h/day) 1370 0 (0.0 - 0.0) 0(0.0-00)
Video games in the weekend (h/day) 1370 0(0.0-10) 0 (0.0 -1.0)
Total screen time in the week (h/day) 1370 5(5-35) 0(15-35)
Total screen time in the weekend (h/day) 1370 0(20-55) 0 (2.0 - 6.0)
%Sedentary week (% screen time >3 h/day)d 1370 31.2 (46.4) 289 (454)
%Sedentary weekend (% screen time >3 h/olay)d 1370 50.9 (50.0) 50.2 (50.0)
Accelerometer data Mean (SD) Mean (SD)
Total PA (counts/day) 226 305226 (109950) 280819 (116144)
Total PA (CPM/day) 226 3755 (138.0) 3578 (141.8)
Sedentary time (min/day) 226 4876 (126.9) 4849 (108.3)
Light PA (min/day) 226 2176 (58.1) 192.7 (66.7)
Moderate-Vigorous PA (min/day) 226 3(424) 1094 (45.0)
% who meet the PA recommendation (60 min MVPA/day) 226 95.0 (21.9) 915 (28.0)
Anthropometry
Body mass index (kg/mA2) 1382 19.8 (3.4) 19.7 (2.9)
Body mass index z-score 1371 03 (1.1) 03 (1.0
Overweight prevalence (%) 1371 20.1 (40.7) 19.7 (39.8)

“Total number of students.
PAdjusted for clustering.
“Overweight and obese combined.

9Based on the recommended 3 h per day maximum of screen time for adolescents.
CPM: counts per minute; MVPA: moderate to vigorous physical activity; PA: physical activity; SD: standard deviation.
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Table 3 School characteristics at baseline
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n Intervention group Control group

Mean (SD) Mean (SD)
Age 20 128 (0.2) 129 (03)
Female (%) 20 66.1 576
Physical fitness
Cardiopulmonary fitness
20 m shuttle run (stage) 20 25(0.2) 2.7 (0.3)
20 m shuttle run (min) 20 1.7 (0.2) 1.9 (04)
Speed-agility
Speed shuttle run (s) 20 246 (11.2) 245 (6.6)
Plate tapping (s) 20 14.6 (2.6) 14.2 (5.9)
Flexibility
Sit and reach (cm) 20 20.1 (14) 205 (1.2)
Muscle strength and endurance
Sit-up (number/30s) 20 120 (09) 126 (0.8)
Vertical jump (cm) 20 254 (1.5) 26.1 (1.1)
Bent arm hang (s) 20 6.0 (23.1) 6.1 (19.6)
Handgrip (kgf) 20 184 (0.7) 19.3 (0.8)
Balance
Flamingo (trying/min) 20 179 (1.3) 185 (1.4)
Screen time Median (IQR) Median (IQR)
TV hours in the week (h/day) 20 0(1.0-15) 3(1.0-15)
TV hours in the weekend (h/day) 20 0(2.0-3.0) 0 (20 -2.0
Internet hours in the week (h/day) 20 0(0.5-1.0) 5(04-10)
Internet hours in the weekend (h/day) 20 5(0.0-10) 3(0.0-10)
Video games in the week (h/day) 20 0 (0-0) 0(0-0)
Video games in the weekend (h/day) 20 0 (00-0.1) 0(0.0-0.1)
Total screen time week (h/day) 20 3(20-25) 0(1.9-23)
Total screen time weekend (h/day) 20 5(3.0-4.0) 5(3.0-4.1)
% Sedentary week (% screen time >3 h/day) 20 31.2(11.1) 289 (9.6)
% Sedentary weekend (% screen time >3 h/day) 20 50.9 (8.6) 50.2 (94)
Accelerometer data Mean (SD) Mean (SD)
Total PA (counts/day) 18 308630.8 (38106.2) 2740719 (464694)
Total PA (CPM/day) 18 4 (68.6) 3484 (714)
Sedentary time (min/day) 18 480.0 (78.7) 492.8 (46.4)
Light PA (min/day) 18 2236 (21.1) 191.1 (34.5)
Moderate-vigorous PA (min/day) 18 1227 (21.0) 106.7 (16.2)
% who meet the PA recommendation (% >60 min MVPA/day) 18 95.0 (6.9) 936 (7.1)
Anthropometry
Body mass index (kg/mA2) 20 19.8 (0.5) 19.7 (04)
Body mass index Z-score 20 03(0.2) 03 (0.1)
Overweight prevalence (9%)° 20 20.8 (7.5) 196 (3.6)

“Total number of clusters.
POverweight and obese combined.

CPM: counts per minute; IQR: interquartile range; MVPA: moderate to vigorous physical activity; PA: physical activity; SD: standard deviation.



Table 4 Group differences and mean changes in fitness, screen time, physical activity and BMI after intervention

Outcomes Differences at Unadjusted effects at Adjusted effects at Effects in the pairs?
individual level individual level® individual level®

n Al AC Beta pd Beta Pf ICC  95% Cl Effect  95% Cl r?

(cluster)  (SD)° (SD)® size”
Physical fitness
Cardiopulmonary fitness
20 m shuttle run (min) 1003 (20) —0.17(0.83) —0.02(1.19) -0.18 0.18 -0.19 0.16 0.15  [-0.54 - 0.16] -0.19 [-0.52 - 0.14] 89.3
Speed-agility
Speed shuttle run (s)’ 1021 (20) 1.89 (2.09) 2.69 (344) -0.72 0.06 -0.76 0.05 0.15  [-1.58-0.07] -0.381 [-1.67 - 0.04] 83.8
Plate tapping (s) 1043 (20) —-0.18 (2.39) 0.36 (2.64) -0.61 0.13 -0.70 0.10 032 [-1.70-031] —0.64 [-1.56 - 0.34] 933
Flexibility
Sit and reach (cm) 1040 (20) 1.84 (4.93) 1.97 (4.61) -0.13 037 0.11 0.39 006 [-0.64 - 0.86] -0.13 [-0.96 - 0.71] 52.7
Muscle strength and endurance
Sit-up (number/30 s) 1031(20) 245 (3.871) 2.52 (4.15) -0.04 047 0.15 0.36 0.11 [-0.63 - 0.92] —0.002  [-0.95 - 0.94] 76.3
Vertical jump (cm) 1038 (20) 1.94 (6.80) 0.07 (6.45) 1.83 003 251 0.01 012  [0.78 -4.23] 1.74 [0.12 - 3.36] 776
Bent arm hang (s) 1019 (20) -0.64 (7.72) 0.005(7.38) -0.70 0.27 -0.11 045 003 [-1.67 - 145] -0.68 [-2.63 - 1.27] 82.8
Handgrip (kgf) 1032 (20) 5.86 (542) 5.70 (6.3) -0.03 048 0.59 0.12 006 [-0.32-1.50] 0.076 [-149-1.34] 81.3
Balance
Flamingo (trying/min)’ 571 (20) —-1.69 (6.60) —4.08 (7.60) 236 0.01 1.83 0.02 007 [025-341] 234 [0.53 - 4.14] 59.1
% able to do the flamingo 1034 (20) 515 549 -0.05 0.08 -0.37 0.13 003 [-0.10 - 0.02] -0.52 [-0.12 - 0.02] 383
test
Screen time
Screen time in week day 1071 (20) 202 (3.22) 1.83 (2.83) 0.20 0.17 0.29 0.11 0.01 [-0.15-0.73] 0.2 [-0.28 - 0.68] 481
(h/day)
Screen time in weekends 1071 (20) 2.00 (3.66) 2.24 (3.85) -0.23 0.27 -0.24 0.26 0 [-0.93 - 0.45] -0.2 [-0.96 - 0.55] 64.2
(h/day)
% sedentary in week 1071 (20) 2.57% 11.16% -0.05 0.07 -0.06 0.06 0.01 [-0.12-0.01] -0.05 [-0.11-0.01] 0.0
(screen time >3 h/day)
% sedentary in weekends 1071 (20) —23.57% —27.46% 0.05 0.07 0.04 0.08 0 [-0.10-0.01] 0.05 [-0.03 - 0.13] 589
(screen time >3 h/day)
Accelerometer data
Total PA (counts/day) 134 (18) —17503 (1433000  —26291 (146553) 22356 0.22 27804 0.18 0 [-29525 - 85135] 37000 [-44000 - 120000]  61.3
Total PA (CPM/day) 134 (18) —6.7 (156.2) -153 (183.6) 188 0.30 302 0.23 0 [-46.2 -106.6] 478 [-425-138.1] 64.1
Sedentary time (min/day) 134 (18) 26.3 (1496) 441 (158.9) —144 0.21 -18.1 0.15 0 [-50.8 - 14.6] —14.0 [-789 - 50.8] 428
Light PA (min/day) 134 (18) —479 (69.2) —47.1 (70.3) 43 0.32 46 032 0 [-146 - 2338] —-6.1 [-42.8 - 30.6] 63.7
MVPA (min/day) 134 (18) -88 (54.0) —14.7 (55.1) 104 0.17 136 0.08 0 [-4.1- 30.8] 157 [-14.1 - 454] 59.1
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Table 4 Group differences and mean changes in fitness, screen time, physical activity and BMI after intervention (Continued)

% who meet the 134 (18) —5.87% —18.09% 0.16 <0.01 0.20 <0.01 0 [0.07 - 0.33] 0.06" [-041 - OA53]k 58.1%
PA recommendation
(60 min MVPA/day)

Anthropometry
Body mass index (z-score) 1062 (20) —0.09 (0.58) —-0.09 (0.52) 0.02 0.34 -0.01 0.38 002  [-0.09 - 0.06] -0.004  [-0.09 - 0.08] 41.1
Overweight prevalence (%)™ 1062 (20) -0.56 -1.62 0.03 0.15 0.02 0.31 0 [-0.05 - 0.08] 0.03 [-0.03 - 0.09] 325

*Total number of students (clusters).

bStandard deviation adjusted for clustering.

“Crude models without covariates and adjusted for clustering.

dp-value for crude models.

€Adjusted for clustering.

*Multilevel random effect models adjusted for BMI z-score, gender, socio-economic status and the physical activity knowledge at baseline. P-values were calculated with t distribution with 9 degree of freedom.
9Random effect meta-analysis with pairs as random effect.

"Pooled unstandardized mean differences.

iLower scores indicated better fitness.

)Models were adjusted for total time registered at baseline and at follow-up.

“The results were obtained from only two pairs. In all other pairs, at least one school had all students meeting the recommendation on MVPA.

MOverweight and obese combined.

A I: mean difference of the outcomes measured before and after the intervention in the intervention group; A C: mean difference of the outcomes measured before and after the intervention in the control group;
CPM: counts per minute; ICC: intraclass correlation; 1% heterogeneity; PA: physical activity, MVPA: moderate to vigorous PA.
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%

947
favors control

N, mean N, mean Weight
Pairs of schools WMD (95% CI) (SD); Treatment (SD); Control (V)
1
Mixed school with <695 students -—:Q_ 2.78 (-0.38, 5.94) 52,2.13 (5.89) 29, -.652 (7.48) 575
1
Mixed school with <695 students : —, 6.22 (2.98, 9.47) 49, 6 (7.07) 39, -.226 (8.2) 5.44
I
. . 1
Mixed school with <695 students —_—— -1.16 (-3.37, 1.06) 45, 949 (5.2) 48, 2.1 (5.6) 11.66
1
1
Mixed school with >695 students e 4.07 (1.60, 6.55) 61, 5.47 (7.04) 54, 1.4 (6.49) 9.38
1
1
Mixed school with >695 students | —— 4.72 (2.38, 7.06) 54,3.72 (5.92) 51,-1(6.28) 10.50
1
1
Mixed school with >695 students —_—— : -1.32 (-3.85, 1.22) 50, -.854 (8.7) 58, .466 (6.71) 8.93
1
Female school with >695 students —:—0— 2.86 (0.34, 5.39) 52, 2.44 (6.39) 58, -.419 (7.11) 9.01
1
Female school with <695 students —b—: 0.08 (-2.18, 2.34) 62, 1.2 (7.45) 58,1.12 (5.02) 11.24
1
. 1
Female school with <695 students —_——— -1.63 (-3.95, 0.69) | 40,.0275 (6) 61, 1.65 (5.54) 10.66
1
Female school with >695 students e 1.77 (-0.04, 3.59) 60, —2.07 (5.29) 59, -3.84 (4.81) 17.43
1
I-V Overall (I-squared = 77.6%, p <0.001) @ 1.53(0.77, 2.28) 525 513 100.00
D+L Overal Q 174 (0.12, 3.36)
1
1
I
1
1
I T
0

favors intervention

Figure 2 Forest plot for vertical jump according to size and gender of the school pairs.

9.47

proportion of adolescents with >3 hours of screen time
during the week decreased with 6% in the intervention
group. In the weekend days, this proportion increased
with 4% respectively after the trial.

Total physical activity level decreased in the intervention
group and control group and both groups had a similar in-
crease in sedentary time (Table 4). At baseline, more than
90% of the adolescents had >60 min of moderate to vigor-
ous physical activity per day. After the intervention, the
proportion of adolescents that met this recommendation
decreased significantly less in the intervention group com-
pared to the control group (6 vs. 18 percentage points, P <
0.01).

Secondary outcomes
The intervention did not lead to differences in changes
of BMI z-score or prevalence of overweight.

Ancillary analyses

Similar findings were obtained when analyzing the effect
of the intervention with the crude models (Table 4). In
addition, the intervention effect was not different among
boys and girls.

School characteristics modified the intervention effect
significantly for various outcomes (Table 5). In the full
model the intervention effect on speed shuttle run was
modified by school size (P jyeraction < 0.01), the effect on
vertical jump by school gender (P ieraction = 0.03), the

effect on flamingo balance test by physical activity space
(P interaction = 0.04), the effect on the proportion of ado-
lescents with >3 h of screen time during the weekend by
type of school (P iyeraction = 0.05) and the effect on the
proportion of adolescents that met the recommendations
for physical activity by school schedule (P jyeraction = 0-01).
After the stratification, the speed shuttle run only showed
an improvement in pairs of larger schools. The speed
shuttle run showed a decrease of 1.5 s (P <0.01) in larger
schools. The improvement in the vertical jump was only
significant in pairs of schools with both male and female
children. Vertical jump increased with about 3.6 cm (P <
0.01) in intervention schools vs. control schools in pairs of
schools with both male and female students. In schools
with a physical activity space <4.07 students/m? control
schools showed a significant (P =0.01) improvement in
the flamingo balance test. The proportion of adolescents
with >3 h of screen time during the weekend increased in
13% in private schools allocated in the intervention group
(P =0.01). In pairs of schools that offer half-day class only,
the proportion of adolescents that met the recommenda-
tions for physical activity increased with 37% in interven-
tion schools. That proportion decreased with 29% in the
intervention schools in pairs that provide full-day classes.
The findings were similar after imputing missing vari-
ables and produced following estimates: vertical jump:
p =249, P =0.01 (0.4% difference), speed shuttle run:
B =-0.72, P =0.07 (5.5% difference), flamingo balance
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Table 5 Subgroup analysis of physical fitness, screen time, physical activity according to school characteristics

Outcome n

Control group Intervention group Separate model per school

Full model adjusted for school

characteristic characteristics

Mean (SD) Mean (SD) Difference [95% CI° P Difference [95% CII® P
Speed shuttle run 10x5 (s)
School size 1021 <0.01¢ <0.01¢
<695 students 476 158 (3.59) 1.93 (247) 0.30 [-0.55-1.14] 0.25 0.22 [-0.36 -0.80] 0.24
>695 students 545 363 (3.02) 1.85 (2.32) —1.83 [-2.34 to —1.32] <0.01 —149 [-2.20 to —0.78] <0.01
Vertical jump (cm)
School gender 1038 0.03° 0.03¢
Male and female students 698 0.29 (6.82) 2.93 (6.70) 3.55[1.73-5.36] <0.01 3.57 [1.76-5.38] <0.01
Only female students 340 -0.34 (5.67) —0.30 (6.48) 0.14 [-2.21-249] 045 0.06 [-2.16-2.28] 048
Flamingo (trying/min)
Physical activity space 571 0.04° 0.04°
<407 (students/m?) 237 =526 (7.87) —0.82 (6.40) 329 [097 - 561] 0.01 329 (097 - 561] 0.01
>407 (students/m?) 334 -338(7.39) —243 (6.68) 091 [-0.99 - 2.81] 0.19 091 [-0.99 - 2.81] 0.19
% sedentary in weekends (screen time >3 h/day)
School type 1071 0.03° 0.05°
Private 438 0.18 (0.39) 0.31 (0.46) 0.13 [0.04 - 0.21] <0.01 0.13 [0.03 - 0.23] 0.01
Public 633 0.26 (044) 0.25 (043) —0.02 [-0.10 - 0.05] 0.29 0.00 [-0.14 - 0.13] 048
Proportion of adolescents who meet the recommendation (60 min of MVPA/day)
School schedule 134 001° 0.02°
Half-day class 110 0.70 (0.46) 0.96 (0.19) 0.28 [0.14-0.42] <0.01 037 [0.14 - 061] 0.01
Full-day class 24 1.00 (0.00) 0.77 (0.44) -029 [-0.54 to —0.04] 002 —-0.29 [-0.54 to —0.04] 0.02

?Differences and Cl were obtained from a linear mixed model adjusted for BMI z-scores, gender, socio-economic status and physical activity knowledge at
baseline, including the interaction term between school characteristic and allocation group.

bDifferences and Cl were obtained from linear mixed models adjusted for BMI z-scores, gender, socio-economic status and physical activity knowledge, including
the interaction term between school characteristic and allocation group. Models included all school characteristics as fixed effects that were significantly
associated with the outcome (P < 0.05) and all significant interaction terms (P < 0.1) from the separate models.

°P for interaction (significant at P < 0.10).
Cl: confidence interval; SD: standard deviation.

test p =2.26, P =0.002 (24% difference), mean moder-
ate to vigorous physical activity time: f =12.0, P =0.11
(11.6% difference) and the proportion meeting the rec-
ommended 60 min/day of moderate to vigorous phys-
ical activity  =0.12, P = 0.05 (39% difference).

In the classes aimed to improve the physical activity
there was large attendance and active participation
(95% and 77% respectively). All classes were delivered
and teachers reported that 95% of content was explained
as scheduled. Most (79%) of the adolescents reported this
to be new knowledge. The larger majority (85%) of adoles-
cents that attended the classes, scored the quality of clas-
ses with >8/10. Almost all (99%) adolescents attended the
sessions with athletes and 78% were considered attentive.
The walking trails were drawn in all schools. The majority
of the adolescents had noticed the walking trail and liked
it (91% and 60% respectively) but only 25% reported using
it during breaks. Amongst the parents (10% of all parents)
that attended the workshops, 90% scored the quality of
the workshop high (=80%) and most (76%) considered this

to be new information. No harm or adverse effects were
reported by adolescents, teachers or school management
staff in the control or intervention group during the trial.

Discussion

We report how a school-based intervention had a posi-
tive effect on physical fitness parameters and recommen-
dations for moderate to vigorous activity of adolescents
in an urban area of Ecuador. The increase in muscular
strength as measured by vertical jump corresponds to
10% of the average score at baseline in the intervention
group. Ortega et al. have shown that higher muscular
strength during adolescence is associated with better
cardiovascular and skeletal health at adulthood [9]. The
intervention also resulted in an improvement of the
speed shuttle run corresponding to a relative time de-
crease of 3% compared to the baseline values. Albeit
marginally insignificant, this effect is considerable and
compares to differences in speed-agility between non-
obese and obese adolescents [43]. The effect on the
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balance component of physical fitness was in favor of
the control group. We attribute this counterintuitive
finding to the fact that our intervention promoted phys-
ical activity and did not include specialized training for
static activities needed for the balance test [44]. We also
observed that adolescents in the control group engaged
more in static games during breaks like hacky sack and
throwing coins near a target, while those in the intervention
group were encouraged to engage in sports and use the
walking trail.

To our knowledge, trials in our age group from high-
income countries have generally resulted in mixed effect
on physical fitness [45-48]. Only one study in African
American girls with high blood pressure led to a 1 min
increase in step-test compared to children who only re-
ceived physical education [49]. These results are less
positive than those reported in the present study. This is
surprising, as we did not provide an extra hour of phys-
ical education per week, exercises during the recess or
specific equipment for physical activity. Instead, we de-
veloped a comprehensive approach to improve active
lifestyles and healthy diet. The activities were tailored to
the local school context and delivered through existing
school structures (e.g. drawing of the walking trail on
the courtyard). The frequency and intensity of the clas-
ses were kept moderate to facilitate integration of the
classes in curriculum after the intervention. Notwith-
standing this, we report effects on muscular strength
and speed measured by EUROFIT battery, which was not
reported in a previous systematic review [13]. We note that
our participants used more time for the speed shuttle run
when getting older in both the intervention and control
group. This tendency contradicts the current literature that
states that (primarily European) adolescents decrease the
time on speed shuttle through the transition from 12 to
15 years [43,50]. The explanation of the different findings in
Ecuadorian adolescents is speculative and perhaps due to a
less favorable environmental conditions for physical activity
found in Europe [51], differences in tradition of health pro-
motion programs [15] and genetic factors [52,53].

As observed in the present study, a decline in moderate
to vigorous physical activity is common in early adoles-
cence [15]. ACTIVITAL led to a significantly lower de-
crease in the proportion of adolescents that met the daily
recommended 60 min of moderate to vigorous physical ac-
tivity. Besides, although the intervention effect on the mod-
erate or vigorous activities is borderline significant in the
present manuscript, it is relevant as it comprises a quarter
of the daily recommendations. Furthermore, this difference
was almost three times higher than that reported in a
meta-analysis of physical activity interventions in children
and adolescents [54] which stated a small improvement on
the moderate or vigorous activities of ~4 min/day as mea-
sured using accelerometers.
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For screen time and sedentary behavior no intervention
effects were found. Specific components are needed to ad-
dress sedentary behavior [55]. We covered screen time in
classes only during the first year of the trial, which was
possibly insufficient to produce a significant effect.

We found no effects of the intervention on mean BMI
or prevalence of overweight. While some authors report
favorable effects in girls [56,57] or boys only [58,59],
others found no differences [48,49,60]. Only a study
from Greece reported a significant effect in both groups
after one year [61]. The effect size on these outcomes
was possibly too small and our follow-up period was
possibly too short to detect effects on BMI.

We observed a large heterogeneity in our intervention
effect between the schools. School characteristics could
explain the variation on intervention effects among
pairs. Speed agility decreased significantly more in pairs
with larger size schools. As size of secondary schools is
associated with higher academic achievements [62], chil-
dren from a larger sized school might have a compara-
tive advantage and respond better to the intervention.
Educational classes were an important activity in this
trial and the uptake of information could have been bet-
ter in larger schools. Larger sized schools also typically
provide more extracurricular activities [62]. In Cuenca,
such extra activities are dedicated to sports and physical
activity. Vertical jump on the other hand only improved
significantly in school pairs that had both male and fe-
male students. Physical activity in adolescents is sub-
jected to peer influence [63]. A recent study reported
that physical activity of male adolescents was associated
with that of their female peers, while female physical ac-
tivity was associated with physical activity of their male
and female peers [64]. We therefore hypothesize that
physical activity as well as physical fitness in female ado-
lescents are mainly associated with the presence of males
rather than the female peers in schools. Space available
for physical activity during recess did not influence the
effects of our intervention on physical activity or physical
fitness except for the flamingo balance test. This finding is
promising for schools with limited space available. We
hypothesize that the limited space in school with <4.07
students/m” triggered the adolescents to engage in static
games that improve the balance component of fitness
[44]. The higher proportion of adolescents with >3 hours
of screen time during weekdays in private schools is pos-
sibly explained by a higher access to computers at home
in adolescents from private schools compared to adoles-
cents from public schools (88% vs. 54% had a computer at
home respectively). Also, our results indicate that a higher
proportion of adolescents from schools with a half-day
class schedule met the recommendations of 60 min phys-
ical activity per day compared to those from schools with
a full day schedule. Probably, adolescents in schools with a
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half day schedule had more time to meet the recom-
mendations for time spent on physical activity com-
pared to schools with a full day schedule, as schools
with a half day schedule usually have teaching sessions
of 45 min with a recess of 35 min while schools with
full day schedule have classes of 35 min and a recess of
30 min. However, as the trial was not designed to
analyze the moderating effects of the school character-
istics on the intervention effects, the explanations for
these effects are speculative. In addition, we acknow-
ledge a large variation of the effect in the pairs that was
not explained by the recorded school characteristics,
which merits further consideration in future trials.

This study has important strengths. First, we delivered
a comprehensive intervention aimed at promoting both
diet and physical activity. A second strength is the dur-
ation of our program, which is longer than most trials
on the topic. A third strength is the comprehensive as-
sessment of physical fitness. Most studies evaluate only a
few physical fitness components [13]. Finally, the posi-
tive findings and feedback from the parents, teachers
and adolescents is encouraging and promising to scale
up the approach. We think the intervention was success-
ful as it was new and responded to a latent need for ac-
tivities that address healthy lifestyles. The children and
parents valued the practical nature of the recommenda-
tions and simplicity of the messages.

A limitation of this study is the large and unbalanced
dropout. Frequently changing school is common in
Ecuador. Children lost to follow-up were similar to their
peers at baseline and the missing data analysis showed
no major differences. One school in the control group
had an exceptionally high dropout rate (12%) associated
with overall very poor academic performance and drug
misuse. The assessment of physical activity in a sub-
sample is an additional limitation. Although we blinded
staff that measured outcomes to the allocation of the
schools, we cannot rule out that they observed elements
of the interventions such as the posters or the walking
trail. We could only assess the use of the walking trail in
two schools due to logistical constraints. Although our
results are encouraging for school interventions in
LMICs, our findings are both mixed and modest. The
findings were also not consistent over the outcomes. In
addition, the findings for the 20 m shuttle run and bent
arm hang should be interpreted with caution since a
post-hoc analysis showed a statistical power of 64% and
65% for these outcomes respectively.

The trial included 13% of adolescents between 8™ and
9™ grade from urban schools in Cuenca that is charac-
terized by mixed mestizo ethnicity and its high altitude.
Further generalization of our findings is hence limited to
urban schools in the regions that share these character-
istics [65].
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Conclusion
In conclusion, a comprehensive school-based program to
improve diet and physical activity can improve physical fit-
ness in adolescents from urban area of LMICs and can
minimize the decline in physical activity levels during early
adolescence.
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