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Abstract

Objective: To assess the effect of the Movimente Study on device-measured physical
activity (PA) and sedentary behavior (SB) in two-time segments of the school day
amongst Brazilian adolescents.

Design: Cluster-randomised controlled trial.

Methods: Six elementary schools were randomized into the intervention (Movimente
group) or control group (CG). Participants were in 71-9" grades. The present study’s
sample consisted of students from two small-sized schools (one from the Movimente
group and another from the control group) since there was a limited number of
accelerometers. A school year (2017) multicomponent intervention was delivered
consisting of three components: 1) teacher training, 2) education curriculum, and 3)
school environment. PA and SB were measured using GT3x+ ActiGraph hip-worn
accelerometers at baseline and end-intervention. The segments of the day were: In-School
(08:00-11:59) and Out-of-School (12:00-22:00) time. A two-level linear mixed model
assessed the effect of the intervention on light-intensity PA (LPA), moderate- to vigorous-
intensity PA (MVPA), SB, and MVVPA/SB ratio within and between groups.

Results: There was a significant effect on the Movimente group compared to the control
group for MVPA, SB, and MVVPA/SB ratio performed in the Out-of-school segment, but
not in the In-school segment. However, there were no significant differences within- nor
between-group differences in LPA in both day segments.

Conclusions: The Movimente Study increased the MVPA, the ratio of MVPA/SB, and
decreased SB of the adolescents compared to their peers in the control group in the Out-

of-school segment.
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Introduction

Low engagement in recommended levels of physical activity (PA) has contributed to
adverse health outcomes, including non-communicable diseases and poorer quality of
lifel2. In the same way, time spent excessively in sedentary behavior (SB)?® is harmful to
health regardless of PA level®. In this sense, interventions have focused on evaluating
effective strategies for increasing PA and reducing SB in children and adolescents® 8,
which is still a challenge mainly in low- and middle-income countries (LMIC)®.

According to an umbrella review study®, most PA interventions conducted in
LMIC settings have targeted children and adolescents through the school setting; and
methodological limitations such as lack of control groups; of randomized sample; and use
of questionnaires to measure PA are observed across several studies®, which limits the
accuracy of the PA measure and SB volume compared to accelerometers, especially
among children and adolescents®. Furthermore, using accelerometers also has the
advantage of analyzing time-stamped data, which questionnaires seldom measure. A
review study examined the effect of school-based interventions using accelerometers in
children and adolescents and found that only one intervention used accelerometer-
measured PA in an LMIC (i.e., Ecuador), with all other included studies being from high-
income countries!. Therefore the effect of interventions in different time segments of the
day, such as PA within school time'? is poorly understood in LMIC settings.

Children and adolescents have unique opportunities for increasing PA and
reducing SB in school due to the time of recess and physical education class'®!*. This is
also viable in out-of-school hours, with strategies targeting behaviors at home, in clubs,
and in after-school programs’!°. Unlike other countries that start the school schedule
around eight a.m. to three p.m., which allows for policies and interventions to target
recesses/lunch breaks and class time!®!’, Brazil starts and ends the school schedule
earlier, with classes in only a period (morning or afternoon), lasting for 4 hours per day.
However, few studies have examined the impact of interventions on Brazilian
schoolchildren during and out of school hours.

To fill this gap in the research, we carried out the Movimente Study, which aimed
to increase the time spent on PA and decrease the time spent in SB among Brazilian 7'"-
ot graders (11-16 years). Intervention strategies were teacher training, improvement of
the school environment, and health education for the school community. Most of them

were designed to target both the mandatory class time and the out-of-school hours. Thus,



this study intends to assess the effect of the Movimente Study on device-measured PA

and SB of Brazilian adolescents during and out-of-school hours.

Materials and Methods

Trial design and participants

The current analysis uses a subsample of the Movimente Study data, a cluster randomized
controlled trial performed at the elementary school level. The theoretical background and
methodological approach are detailed in a previous study'8. The program was conducted
over one school year (March to November 2017), having as the primary outcome to
improve adolescents' PA and SB levels. The study protocol was approved by the Research
Ethics Committee (No0:1,259,910, CAAE: 49462015.0.0000.0121), the Board of
Education of the city of Florianopolis (Southern Brazil), and the project was registered in
the Clinical Trials database (NCT02944318).

The methods have been described previously*® but briefly, seven schools accepted
an invitation to participate in the study, one was selected as a pilot school to test the
strategies, and the remaining six schools were matched by size and randomized to the
control or intervention groups. Students in grades 7-9 from the six schools who attended
the first weeks of school (1,427 students) were eligible to participate (796 in the
intervention group and 631 in the control group). Students and parents/guardians provided
written consent before participation, and no incentive to participate was provided. Due to
the number of accelerometers available for the Movimente Study, the two smaller schools,
randomly allocated to each group, were selected to compose a subsample of objectively
measured PA behaviours. Further details regarding all the intervention procedures can be

found at https://movimente.ufsc.br/.

Intervention

The Movimente study was based on Social Cognitive Theory!®, Socioecological
framework® , and Health Promoting School framework?!. The intervention consisted of
three strategy components, teacher training, education curriculum, and the school
environment (Table 1). After baseline data collection, face-to-face teacher training was
conducted and health topics, mainly PA and SB, were addressed. In addition, two teacher
training sessions were performed for 1) Physical Education teachers and 2) general
teachers (e.g., Math, Portuguese, Biology, etc.). During the intervention period, the

schools assigned to the control group continued their activities normally (without



researcher interference). In early 2018 (i.e., after the end of the intervention in 2017), the
control group schools received all the materials of the Movimente Study, and a final report
containing the study’s main findings.

Briefly, the training for PE teachers was focused on the implementation of
activities and how to discuss health concepts and lifestyle behaviors in their classes.
Activities focused on how to engage a broader number of students in PE classes and
providing activities that stimulate students’ enjoyment of PE classes. PE teachers were
also trained to discuss intrapersonal aspects (e.g., attitude, self-efficacy, enjoyment) that
reinforce the relevance of PA practice in the students’ routines and how to overcome
barriers, and include health topics in PE classes. The general teacher’s training focused
on incorporating health concepts discussions and active breaks during lessons. A training
handbook and educational curriculum materials were presented to teachers, and their
content was discussed to demonstrate several possibilities for classroom activities. The
content regarding active breaks consisted of concepts, aims, and examples (e.g.,
relaxation and stretching breaks; muscle activation breaks; and energizer breaks).
Teachers were informed that they could incorporate any parts of the materials to suit the
needs and abilities of their class.

The educational curriculum materials consisted of banners and folders containing
content about PA, SB, healthy eating, and academic achievement. Four banners were
provided to the school at the beginning of the year (following the face-to-face training).
The school staff was advised to make these banners available strategically to reach as
many students as possible. Four folders were also delivered every two months to the
school staff, who were advised to read and provide the content to students during class.
In addition, teachers were encouraged to perform activities involving parents to
disseminate information to the students' families.

The last strategy was the environmental improvements that included the
revitalization of sports courts, the creation of new spaces (i.e., empty places were filled
with more than one set of line markings [e.g., volleyball, squash, and popular games]), as
well as the availability of sporting equipment such as balls, rackets, and ropes. The school
staff managed and used all the delivered materials without interference from the study

researchers.

Table 1. Description of the intervention components, strategies, executor and receptor agents of the
Movimente Study (Florianopolis, Brazil, 2017).




Intervention

Actions/strategies

Executor

Receptor agent

components agent
Teacher training focused on health topics, | Study All teachers
mainly PA and SB. members
Support material (book) with proposed activities | Study Teachers of
on health topics (mainly PA and SB) (mainly PA | members general
and SB) for all disciplines. disciplines
Interactive media (Facebook and WhatsApp) for | Study
teachers to disclose and discuss their activities | members Teachers of
Logistic in relation to health topics. and general
support  for teachers of | disciplines
teachers general
disciplines
Support material (three books), specific for each | Study
grade, with proposed activities on health, PA | members
and sports topics. PE teachers
Whatsapp group for teachers to disclose and | Study
discuss activities done by them. members
and PE | PE teachers
teachers
Environmental | Creation of new spaces. Study All teachers and
improvements members students
Revitalization of old courts. Study PE teachers and
members students
PA equipment (balls, jump ropes, rackets, etc.) | Students Students
available to students during free-time in school. | and school
manager
Education Delivery of banners and folder. Topics: PA School School
curriculum and health/academic performance, SB and manager community,
health, and eating habits. and students, and
It was suggested to the teachers to carry out teachers parents/legal
activities with the students in order to show the guardians

folders to the parents or guardians to
disseminate this information.

Outcome measures

PA and SB were measured using GT3x+ ActiGraph accelerometers worn by participants

on their right hip. Trained researchers helped the students secure and oriented their

accelerometers with elastic bands. They were instructed to wear them during waking

hours, except for aquatic activities (e.g., showering, swimming, or surfing). The

accelerometers were distributed and retrieved during class time. However, there were a

limited number of devices (n =

114). Participants at the control school thus wore




accelerometers for 12 days (March 15" to 27", 2017), while participants at the
intervention school wore them for 10 days (March 31% to April 9, 2017). To improve
compliance, participants at the control school who did not provide valid data or were not
present when the devices were distributed were requested to wear accelerometers over a
different 12-day period (May 4" to 16", 2017), while participants in similar situations at
the intervention school were requested to wear them over a different 10-day period (April
18™M to 27", 2017). Messages designed to improve compliance were sent to participant
students via a messaging app during the data collection phase. Three messages were sent
to each participant over the course of the accelerometer data-collection phase. At the
follow-up, participants of the control and intervention schools wore the accelerometers
from October 17" to 29", and November 8" to 20", respectively.

Accelerometer data were collected at 80 Hz and downloaded in 15-second epoch
lengths using the Actilife software. The cut-points proposed by Evenson et al.?? were used
to convert the outputs into minutes of SB (<100 cpm), LPA (101-2295 cpm) and MVPA
(>2296 cpm). Intervals of sustained 60-minutes of zero activity counts were defined as
“non-wear-time,” and thus excluded from the analysis®. Time spent in LPA and MVPA
during each weekday (i.e., Monday through Friday) was summarized and categorized into
two specific time-segments, as follows: In-School time (08:00-11:59, referring to the
school day, which includes 15-min daily recess and 45-min PE classes two to three times
per week as opportunities for PA) and Out-of-School (12:00-22:00, referring to the
period without mandatory school-related activities, which may include after-school sports
activities). The variable MVPA/SB ratio was calculated by dividing the time spent on
MVPA (min/day) by the time spent on SB (hours/day)?*.

Weekend data was not analyzed because the accelerometer measures were
collected to monitor the effect of the Movimente strategies implemented on school days
(e.g., active breaks during class time, enhanced recesses, and more active PE classes)®®.
Preliminary analyses of accelerometer wear time revealed that many participants were
not wearing the devices between 22:01-23:00 and 06:01-07:00, as the proportion of
participants who wore the devices at these periods for at least two days at baseline were
20.6% and 12.4%, respectively. Acceleration data were collected for more participants
during the first hour prior to school time (07:01-08:00), however this was still only
observed from 58.8% of participants. Thus, these intervals were not summarized in the
Out-of-School time-segment to reduce bias. Accelerometer data collected on the first and

the last days of both baseline and follow-up were also excluded to reduce reactivity bias.



Valid wear time was determined for each analyzed segment using the following
definitions: (a) A standard segment time was defined as the length of time that at least
70% of participants wore their monitors; (b) a time-segment was considered valid when
data were available for at least 80% of the standard segment time?®; and (c) at least two
days of a valid time-segment were required for each participant to be included in the
analysis (e.g., at least two measures from a valid In-School time-segment), as previously
applied!®%, Based on these definitions, the minimum required wear time criteria were
192 and 392 minutes for the In-School and Out-of-School time segments, respectively.

Sample sizes, therefore, varied according to time segment.

Covariate measures
Students were asked via survey to provide their sex (male or female) and age (completed

years).

Statistical analysis

Mean and standard deviation were calculated for continuous variables, and absolute and
relative frequency were calculated for categorical variables. Student’s t test and Pearson’s
chi-square tests were used to compare groups at baseline in the two segments of the day.
Furthermore, to verify the effect of the Movimente Study on the PA and SB, two-level
linear mixed models were performed. The following hierarchical structures were applied
to all models in each segment of the day: repeated measures (level 1) nested within
participants (level 2) were included as random effects. As mixed models can
accommodate unbalanced data, all available measures were included in analysis. Fitted
models were evaluated according to the assumptions of homoscedasticity and residuals
normality. The interaction term of groups (Movimente vs control) by time (pre- vs post-
intervention) were included as fixed effects. Models were adjusted for sex and age in the
fixed effects. Due to slightly skewed residuals observed in some models, a bootstrapping
procedure was conducted to obtain corrected standard errors (2000 resamples). Linear
mixed models were presented with coefficients and their respective 95% confidence
intervals. All analyses were conducted in statistical software Stata, version 14.0
(StataCorp LP., College Station, TX, United States).

Sensitivity Analysis



Sensitivity analyses has been conducted by replicating all the inferential analysis in the
following conditions: (a) including participants with valid and non-valid accelerometer
data at baseline in both segments of the day (in-school and out-of-school); and (b)
including participants who presented valid data in both segments of the day (in-school

and out-of-school) simultaneously.

Results

In this study were analyzed 194 students (mean age 13.1 + 1.0, 47.6% male) who had
device-measured PA behavior assessment, being 95 students allocated to the Movimente
group, and 99 students allocated to the control group. Of these, 84 and 71 students
presented valid accelerometer data at baseline in the Movimente and control groups,
respectively. At the end of the intervention, 34 and 33 students had valid accelerometer
data in the Movimente and control groups, respectively. For the mixed modeling approach
of analyzing unbalanced data, 84, 73, and 71 students in the Movimente group comprised
the analytic sample of the in-school, out-of-school, and both segments, respectively. From
the control group, 71, 48, and 48 students were analyzed in the in-school, out-of-school,

and both segments, respectively (Figure 1).



Assessed for eligibility (n = 36 schools with 107,592 students)

Enrollment ]

Excluded (n = 29 schools)

- Declined to participate (n = 11 schools)
- Pilot school (n = 1 school)

- Not meeting inclusion criteria (n = 18 schools)

Randomized in the major sample (n = 6 schools with 1,427 students)
Randomized in the subsample (n = 2 schools with 194 students)

v [ Allocation

| l

Allocated to intervention (n = 1 school; 95 students)
- Non-valid accelerometer data (n = 9 students)
Baseline sample (n = 86 students)

Allocated to control (n = 1 school; 99 students)
- Non-valid accelerometer data (n = 28 students)
Baseline sample (n = 71 students)

[

Follow-Up

J l

Lost to follow-up (n = 52 students)

- Dropout (n = 49 students)

- Non-valid accelerometer data (n = 3 students)
Follow-up sample (n = 34 students)

Lost to follow-up (n = 38 students)

- Dropout (n = 38 students)

- Non-valid accelerometer data (n = 0 students)
Follow-up sample (n = 33 students)

[ |

Analysis

1 \ 4
J

Intention-to-treat analysis:

In-school sample (n = 84 students)
Out-of-school sample (n = 73 students)
Combined (n = 71 students)

Intention-to-treat analysis:

In-school sample (n = 71 students)
Out-of-school sample (n = 48 students)
Combined (n = 48 students)

Figure 1. CONSORT flow diagram of recruitment, randomization, and participation of schools
and adolescents of the subsample in the Movimente Study, Brazil, 2017.




At baseline, no difference was observed between groups (intervention vs control)
for PA or SB in both segments of the day. However, there were a greater proportion of
females in the Movimente group; participants in the control group were slightly older than
the participants of the Movimente group, only in the in-school time segment (Table 1).
Sensitivity analysis showed participants who withdrew before follow-up assessments
practiced more MVPA at baseline in both time-segmented samples than those who
completed the assessments; the proportion of males was higher among withdrawn
participants when compared to those in the out-of-school sample (Supplemental Table 1).
Participants without valid accelerometry data had higher MVPA/SB ratios than their
peers with valid data in the school segment. Also, among the participants without valid
data, females were the majority in the in-school segment and males were the majority in

the out-of-school segment (Supplementary Table 2).



Table 1. Baseline characteristics of participants in different segments of the day (in-school time and out of school), according to
the group (intervention and control). Movimente Study, Brazil, 2017.

In-school time Out of school
Movimente group ~ Control group  P-value ~ Movimente group ~ Control group  P-value
Variables (n=84) (n=71) (n=73) (n=48)
Mean + SD Mean + SD Mean + SD Mean + SD

Sex n (%) n (%) 0.047 n (%) n (%) 0.042

Female 61 (56.0) 29 (59.2) 58 (63.7) 22 (45.8)

Male 48 (44.0) 42 (40.8) 33 (36.2) 26 (54.2)
Age (years) 13.0+1.0 13.3+£0.9 0.031 129+0.9 13.2+0.9 0.065
LPA (min/day) 56.6 £ 19.7 53.3+19.0 0.256 127.2+32.9 123.2+30.8 0.480
MVPA (min/day) 10.0+5.7 10.1+6.3 0.953 24.1+16.6 26.4+159 0.433
SB (min/day) 173.3+229 176.7 £ 23.0 0.343 339.2 +43.7 340.9 + 39.7 0.815
MVPA/SB ratio (min/hour) 3.72+25 3.70+2.8 0.962 4.7+39 49+34 0.691

Note: LPA — Light Physical Activity; MVPA — Moderate to Vigorous Physical Activity; SB — Sedentary Behavior; SD — Standard
deviation.



According to the analysis of group-by-time interaction, there was a significant
effect on the intervention group compared to the control group for MVPA, SB, and
MVPA/SB ratio performed in the out-of-school segment after adjusting for sex and age.
There were no significant within- nor between-group differences in LPA in the out-of-
school segment (Table 2). The same associations were found in sensitivity analysis done
only with participants with valid data in both segments of the day (Supplementary Table
3). There were no significant differences within- nor between- groups in any measures in

the in-school time segment (Figure 2).

Table 2. Effect of the Movimente Study on accelerometer measured physical activity and sedentary
behavior among adolescents in two segments of the day, Brazil, 2017.

Time effect for the  Time effect for the Movimente vs Control
Outcomes . X
Movimente group Control group Time effect contrast
In School Coefficient (95%CI) Coefficient (95%CI) Coefficient (95%Cl) P-value
LPA (min) -2.2 (-7.6; 3.2) 1.3 (-6.3; 8.6) -3.3 (-10.6; 3.9) 0.476
MVPA (min) 0.9 (-1.0; 2.9) 4.4 (1.0;7.8) -3.5(-7.4;0.4) 0.080
SB (min) 1.3 (-5.0; 7.6) -5.3(-14.7; 4.2) 6.5 (-4.7; 17.7) 0.252
MVPA/SB (min/hour) 0.3 (-0.5; 1.0) 1.7 (0.2; 3.2) -1.4 (-3.1; 0.3) 0.098
Out of School
LPA (min) -6.5 (-15.4; 2.3) -12.7 (-22.5; -2.9) 6.2 (-11.5; 23.9) 0.494
MVPA (min) 9.3(3.2;15.4) -7.0 (-14.0; -0.1) 16.2 (6.9; 25.5) 0.001
SB (min) -3.1(-17.7; 11.6) 19.6 (3.1; 36.2) -22.7 (-44.7;-0.7)  0.043
MVPA/SB (min/hour) 1.8 (0.3; 3.3) -1.4 (-2.8; -0.1) 3.2(1.2;5.3) 0.002

Note: LPA — Light Physical Activity; MVPA — Moderate to Vigorous Physical Activity; SB —
Sedentary Behavior; 95%CI — 95% Confidence Interval. All models were adjusted for sex and age.
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Discussion

The findings of this study suggest that the Movimente Study effectively increased MVPA,
reduced SB, and favorably affected the MVVPA/SB ratio in adolescents in the Out-of-
school period. In contrast, the intervention did not change any of the analyzed behaviors
during the in-school period. Thus, the utilized strategies were efficient for promoting PA
and reducing SB in the out period but not inside the school.

Our findings align with what has been found in some previous systematic reviews,
both for interventions with in-school*! and after-school?~2° strategies, but differ from the
results of other systematic reviews®3®!, For instance, of the 17 studies included in a
systematic review!! (2019) only three were successful in increasing device-measured
MVPA in the in-school period, and the study conducted in an LMIC (i.e., Ecuador®?) had
no significant effects on overall MVPA. Another systematic review® (2013) showed that
out of the 14 studies included, only four were effective in improving PA in PE classes,
but none used accelerometers and neither was conducted in LMICs. A systematic review
and meta-analysis (2020) of interventions aimed at school recesses®® summarized 43
studies, only two multicomponent interventions had significant changes in increasing
MVPA and decreasing SB; and the study conducted in LMIC (i.e., South Africa®®) found
no significant intervention effects.

Similarly, systematic reviews?"?830 about after-school interventions to increase
PA observed effectiveness in increasing adolescents' MVPA, none of the studies included
in these reviews were conducted in LMICs. For instance, Atkin et al.?” (2011) reviewed
studies on the effectiveness of interventions for promoting PA immediately after school
hours. Only three of the ten articles included (and none of them was conducted in LMICs)
demonstrated positive effects on PA levels. Likewise, Mears and Jago?® (2016) reviewed
and meta-analyzed studies about the impact of after-school interventions on MVPA in
children and adolescents. The review included 15 articles from the US and UK. The meta-
analysis revealed an effect size of 2.57 minutes per day of MVPA (95% CI -1.74 to 6.87;
and an 12 value of 44.8% for accelerometer-based studies). However, caution is necessary
for interpreting these results, as only five of the 15 articles included in the review had
accelerometry data comparing MVPA between intervention groups and controls.

Further research is needed to determine the efficacy of after-school interventions
on MVPA levels. In a separate umbrella review conducted by Demetriou, Gillison, and
McKenzie?® (2017), the authors identified differences and similarities among six previous

reviews. While they found modest evidence supporting the effectiveness of after-school



programs in promoting PA levels in young people, the general evidence remained
inconclusive. In contrast, Borde et al.*® (2017) by focusing specifically on the impact of
school-based interventions on objectively measured MVPA found that of the 13 studies
included in the review, only two were conducted in LMICs (e.g., China®** and Ecuador®?).
The authors found that while the interventions had a positive impact on objectively-
measured MVPA levels, the effects were not statistically significant. Evidence on what
strategies to promote PA in school settings are effective is still limited. Research to
optimize these interventions is needed everywhere. Nevertheless, special attention should
be given to LMICs, considering the prevalence of physical inactivity in such settings, the
often-limited resources available, and that interventions and policies in high-income
countries are often not feasible to be reproduced or directly translate into LMICs.

In the present study, the findings suggest (increased MVPA and decreased SB)
that the adopted intervention strategies were effective in contexts where adolescents have
more control over their behaviors, such as in their free time (Out-of-school time-
segment). This hypothesis is supported by a previous cross-sectional analysis of this
study?®, where the authors observed higher levels of out-of-school PA, but not in-school
PA among adolescents with higher outcome expectations, self-efficacy, and attitude
towards PA. An experimental study conducted with North American children aged 9 to
12 years was effective in increasing out-of-school PA levels by changing psychosocial
determinants of PA (i.e., self-regulation, self-efficacy, and mood)®®. Although
adolescents in our study were exposed to educational strategies during schooltime (i.e.,
teacher lessons, banners, and folders), most opportunities to put this new information into
action were out of mandatory school time, when they also had access to the environmental
improvements (i.e., school spaces and courts) and the provided sports materials. Our
findings and previous cross-sectional analysis?® suggest that interventions targeting
psychosocial indicators and opportunities for PA in Brazil may have challenges in
promoting PA and reducing SB in contexts with tight schedules (i.e. in school hours with
low duration for recess and/or local school rules that make it difficult or prohibit students
to access the school grounds®®). Despite the emerging literature?* showing that MVPA/SB
ratio is an important indicator for health markers and may suggest a better health effect,
the use of this ratio is relatively new and scarce in the adolescent population. This limits
the ability to compare the current findings (positive effects on the MVVPA/SB ratio in the

out-of-school) to other studies and highlights an important gap in intervention analyses.



The lack of intervention effect observed in the current study for the In-School
period may be because implementation of several components turned out to be
challenging for some schools due to environmental context and resources (e.g., lack of
time due to curricular demands and schedule interruptions; resources and administration
or training workshops not age-appropriate/insufficient; teachers’ autonomy decreased;
space constraints; weather conditions)®’, beliefs about consequences (e.g., takes time out
of schedule; requires extra planning and set up time; no impact on PA levels; student
boredom; teachers' perception of their own competence in implementing the activities;
unsure of the effect of PA on academic outcomes)®”*8, and social influences (e.g., the
school system prioritizes academics activities; students do not participate and/or cannot
force them to move)®’. Previously published data on the implementation of the Movimente
Study*® showed that only 40% of teachers reported adopting active breaks during their
lessons, 70% did not use the intervention education materials in the discussions in regular
classes, and 63% reported that were difficulties in discussing the health-related topics.
Most schools had 2-3 PE classes per week, and most students said that they had
discussions about health in the classes and that the classes were more active®.
Nonetheless, all PE teachers reported that the students became more likely to actively
participate in the classes, but the same teachers reported that the more active classes did
not result in positive and significant changes in students' lifestyles®. Another hypothesis
for the lack of in-school intervention effects is that no matter how well the PE teachers
were able to implement the strategies of the intervention, it is likely that the PE classes
could already be active before the intervention strategies were implemented, so there
would be no way to increase this further in class. In addition, with the 15-minute recess
time, students prioritize nutrition. Thus, the time may be insufficient for them to eat and
engage in enough active play to increase their PA levels.

This study has strengths worth highlighting. The main outcomes of the Movimente
Study were objectively assessed using accelerometers. This instrument has several
advantages over self-reported measures as providing time-stamped data and accurate
estimates. A rigorous data validation protocol was employed to obtain more precise and
comparable estimates of accelerometer-measured outcomes, including specific wear time
validation criteria and excluding the first and last days of accelerometer use at each data
collection phase. Analyzing time-segmented PA and SB allowed identifying when
behavior change occurred, which might not have been possible if only daily averages had

been considered. A second strength of this study is the analytical approach used, which



considered the nested nature of the study design and data by analyzing within-participant
estimates of the outcomes. This approach is robust in analyzing unbalanced data and
accounts for follow-up dropouts. Lastly, this study adds to the underrepresented body of
literature on experimental studies conducted in LMIC settings, which differ significantly
from high-income settings in several cultural, social, and environmental characteristics.
Moreover, our study has limitations to be acknowledged. Although nested within
a cluster randomized controlled trial design, this study analyzed data of students from two
out of six schools from Flariandpolis that comprised the major sample of the Movimente
Study. Thus, findings should not be extrapolated to the overall population of students
from Brazil (considering that the country has continental proportions and each macro-
region has cultural specificities). Nonetheless, efforts were made to mitigate biases. For
instance, both schools were selected post-group randomization and were paired according
to school size (i.e., both small-sized schools) and class shift (i.e., only students from the
morning shift) to avoid selection bias related to differences between schools. Another
limitation was the significant sample loss due to non-valid accelerometer data. High
attrition was expected as observed in other studies using accelerometers on young
Brazilians®. Efforts to prevent such loss were performed by collecting a second wave of
accelerometer data for participants who did not provide valid data and sending messages
to remind them to wear the devices. Sensitivity analyses showed that demographic
characteristics were similar between losses due to non-valid accelerometer data and the
analytic sample, which reduced the likelihood of a selection bias. Due to applying time-
segment-specific accelerometer wearing time criteria, the sample size differed between
in-school and out-of-school samples. Another set of sensitivity analyses was performed
by reanalyzing all data including participants with valid data for both time segments
simultaneously, and findings were similar to those from uneven sample sizes. The data
collection was not performed simultaneously in control and intervention schools, and
seasonal differences should be considered. Although the overall daily temperature did not
vary significantly between the one-to-two-week apart data collection phases, there was a
variation in the number of rainy days. Thus, further sensitivity analyses were performed
by excluding rainy days from accelerometer data, but no differences were observed from
the reported findings (data not shown). It is worth noting that the adolescents who dropped
out from the study practiced more MVVPA and had higher MVVPA/SB ratio values in both

segments compared to the adolescents who participated in the study. In addition, there



were more males among the adolescents removed from the study when compared to their
peers who participated in the study. Thus, the loss in our sample was not random.

In conclusion, the Movimente Study significantly increased the levels of MVPA
and the ratio of MVVPA/SB, and decreased the SB of their participants in comparison to
their peers in the control group in the period outside of mandatory school hours. These
findings demonstrate the potential of applied strategies for promoting PA and reducing
SB among adolescents, particularly in settings with limited school hours. From there, we
recommend that future studies need focusing on different actions/strategies during
different segments of the day to identify which are most effective; implement longer-term
follow-up to verify the sustainability of behavior change; test strategies with larger
sample sizes; and address implementation challenges faced by teachers. Also, we
recommend that government agencies focus on the implementation, maintenance, and/or
creation of new health promotion strategies (focusing on PA and SB) during after-school
hours, as it is more difficult to change the school timetable structure in most public
schools in Brazil.
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