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Objective: To evaluate the effect of 12 weeks of the ActTeens program on physical activity (PA)
practice at different intensities, health-related physical fitness, and cardiometabolic indicators in Bra-
zilian adolescents. Methods: The sample comprised 55 adolescents (37.5% female; mean age 13.84
[0.62]years) from two secondary private schools were included and divided by simple randon alloca-
tion into intervention (IG = 31 students) or control group (CG = 24 students). This pilot study of the
ActTeens Program was conducted during the COVID-19 pandemic restrictions and included three
components: (1) structured PA sessions delivered within Physical Education, (2) self-monitoring
plus goal setting by a pedometer, and (3) healthy lifestyle guidance (mHealth). PA was assessed using
Actigraph hip-worn accelerometer (model GT3X+), muscular fitness was mensured by 90-push-
up, sit-to-stand, and Cardiorespiratory fitness was assessed using the 20-m PACER shuttle run
test, following standardized procedures, as well as cardiometabolic profile indicators (glucose; blood
pressure and waist circumference). Intragroup analyzes were performed using generalized estimating
equations, and intergroup by ANCOVA using the intention-to-treat principle with adjustment for
the covariates of age, maturation, sex, and baseline values. Results: Adolescents in the IG showed
significant increase for moderate (mean difference: 11.2 minutes/day; 95% CI: 2.9; 21.0) and moder-
ate-to-vigorous (mean difference: 18.9 minutes/day, 95% CI: 5.9; 32.1) PA in comparison to the CG.
No effect of the intervention was observed in sencondary outcomes (physical fitness and cardiomet-
abolic indicators). The IG presented a significant increase in muscular and cardiorespiratory fitness,
and decreased blood pressure after 12 weeks of the intervention. Conclusion: The strategies used in
the ActTeens intervention were effective to promote the increase in PA and improve physical fitness
in these adolescents during the COVID-19 pandemic.

Keywords: Intervention; Students; Lifestyle; Physical exercise; Accelerometry.
RESUMO

Objetivo: avaliar o efeito de 12 semanas do programa ActTeens sobre a pritica de atividade fisica (AF)
em diferentes intensidades, aptidio fisica relacionada & saiide, e indicadores cardiometabilicos em adolescen-
tes brasileiros. Meétodos: A amostra foi composta de 55 adolescentes (37,5% feminino; média de idade 13,84
(0,62) anos) de duas escolas particulares de ensino fundamental, divididos por meio da alocacao aleatorio
simples em grupo intervengio (GI = 31 estudantes) ou controle (GC = 24 escolares). Este estudo piloto do
ActTeens Program foi conduzido durante a restrigio da pandemia COVID-19 e incluiu trés componentes:
(1) sessaes estruturadas de AF nas aulas de Educacao Fisica; (2) auto-monitoramento associado com estabe-
lecimento de metas didrias; (3) orientagdo sobre um estilo de vida sauddavel (mHealth). A AF foi avaliada
usando o acelerometro de quadril Actigraph (modelo GT3X+) e aptidiao muscular foi avaliada através do teste
de flexio de 90° e o teste sentar e levantar, a aptidio cardiorrespiratdria foi mensurada por meio do teste Pacer
de 20-m seguindo os procedimentos padronizados, bem como indicadores de perfil cardiometabilico (3 ‘glicose,
pressio arterial e circunferéncia de cintura). As andlises intragrupos foram realizadas por meio da equagbes de
estimativas generalizadas e as intergrupos por meio do ANCOVA usando o principio de intengio de tratar com
ajuste pelas covaridveis: idade, maturagdo, sexo e valores da linha de base. Resultados: Os adolescentes do GI
apresentaram aumentos significativos em AF moderada (média da diferenga: 11,2 minutos/dia; IC 95%: 2,9;
21,0) e moderada a vigorosa (média da diferenca: 18,9 minutos/dia, IC 95%: 5,9; 32,1 ) em comparagio ao
GC. Nenhum efeito da intervengio foi encontrado para os desfechos secundarios (indicadores de aptidao fisica
e cardiometabilico). O GI apresentou aumento significativo na resisténcia de membros inferiores, na aptidio
cardiorrespiratoria e redugio na pressao arterial apds 12 semanas de intervengio. Conclusao: As estratégias
utilizadas na intervengio ActTeens foram eficaz para promover o aumento da pritica de AF, melhorar a
aptidao nestes adolescentes durante a pandemia COVID-19.

Palavras-chave: Intervencio; Escolares; Estilo de vida; Exercicio  fisico; Acelerometria.

Page 1/13


https://orcid.org/0000-0003-1593-4546
https://orcid.org/0000-0002-1955-4922 
https://orcid.org/0000-0002-7633-9719
https://orcid.org/0000-0001-9804-616X
https://orcid.org/0000-0002-2083-4104
https://orcid.org/0000-0002-7169-8034 
https://orcid.org/0000-0003-2931-943X

Santos et al.

Effects of ACTTEENS intervention: a pilot study

Introduction

'The Coronavirus (COVID-19) pandemic was declared"
in March 2020, due to the rapid spread of the SARS-
CoV-2 virus. During the COVID-19 pandemic, social
distancing restrictions and school closures were im-
posed by the government across many countries, and
this severely limited adolescent’s access to regular phys-
ical activity (PA) opportunities (eg, sports clubs, swim-
ming pools, gyms,community centers, and physical ed-
ucation lessons), which directly impacted in PA%

Global data revealed that boys and girls of all ages
and baseline activity levels experienced reductions in
daily PA during COVID-19°. Findings from Brazil-
ian adolescents reported a reduction in the prevalence
of physically active individuals from 28.7% (before the
pandemic) to 15.7% (during the pandemic) and an in-
crease in sedentary behavior (e.g., screen time and sit-
ting activies)*. Similarly, a meta-analysis demonstrated
that the duration of engagement in total daily PA de-
creased by 20% during the pandemic, in addition, this
reduction was larger for PA at higher intensities, ap-
proximately 17 minutes per day’. Such restrictions did
not only impact the level of PA since the decrease in
PA in the months following the pandemic negatively
affected the physical fitness of adolescents’.

Further previous studies have also shown that low
cardiorespiratory and muscular fitness levels are related
to an higher risk of developing various chronic diseas-
es (high blood pressure, hyperglycemia, and dyslipid-
emia)®. Importantly, physical fitness in childhood and
adolescence has been considered a powerful predictor
of health later in life’. As such, creating opportunities
for PA practices that will promote an active lifestyle in
adolescents should be one of the public health priorities.

Multicomponent PA interventions including strat-
egies both inside and outside the school context, have
found positive effects on PA levels®’, improving car-
diorespiratory’ and muscular fitness'®"
tencyl(),ll
some school-based interventions have been developed
with a focus on the promotion of PA in adolescents®'?,
however, most of these studies have offered predomi-

, skill compe-

, and reduction in screen time'®''. In Brazil,

nantly aerobic activities, and included predominantly
within-school strategies.

A previous review" investigated the impact of a
variety of interventions (e.g single and multicom-
ponent; face-to-face and online/remote) during the
COVID-19 pandemic on body mass index, PA, screen

time, dietary, physical fitness and mental outcomes,

with all interventions including a PA component.
Their results showed a significantly increased PA level
in 8/23 included studies in the review, however, only
one study (1/8) objectively assessed PA.

Therefore, considering the benefits of PA for health
and the decrease in PA levels in adolescents during the
COVID-19 pandemic, the current pilot study aimed to
evaluate the effects of the multicomponent PA inter-
vention (ActTeens Program) on the practice of PA at
different intensities, health-related physical fitness and
cardiometabolic indicators in Brazilian adolescents. It
was hypothesized that the ActTeens Program inter-
vention would be positively related to health-related
physical fitness as well as with different cardiometa-
bolic indicators.

Methods

Study design and participants

The multicomponent intervention (ActTeens Pro-
gram) was evaluated via a 12 weeks randomised pilot
study following CONSORT recommendations'. Act-
Teens included multiple components to promote PA
and physical fitness in adolescents. This pilot study was
conducted to assess the preliminary efficacy of Act-
Teens Program. The protocol for this pilot study was
approved by the human research ethics committee of
the States University of Northen of Parana, Brazil (n’
4.452.513) and registered in the protocol of Clinical
Trials (NCT05070377).

The intervention was conducted in a school en-
vironment between August and November 2021,
during the COVID-19 pandemic, in the second half
of 2021, private schools in the state of Parand returned
to in-person learnig with some restrictions such as:
maintaining distance, not sharing materials, using
masks and alcohol gel. Data were collected at two-time
points in the school term (baseline [July 2021] and
post-intervention [December 2021]). The inclusion
criteria of the schools were: (i) having classes in the
eighth and ninth years of secondary school; (ii) having
at least two Physical Education classes on different
days; (iii) Physical Education teacher agreeing to in-
clude the structured session in the class. Of the 4 eligi-
ble schools, 2 agreed to participate in the program and
were cluster randomized allocated to either a control
or an intervention condition. Eligible participants were
grade 8 or 9 adolescents of both sexes aged between
13-15 years. A total of 55 students from two secondary
private schools were assessed for eligibility and agreed
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to participate in the study. Parents provided written
informed consent and adolescents provided written
assent to participate. During the intervention period,
two female participants withdrew from the study for
personal reasons related to switching schools (Figure

1; CONSORT flow diagram).

Schools was recruited and
assessed for eligibility (n = 4)
- \ | Schools declined to participate
g v of the study (n = 2)
s
5 School consented (n = 2)
Eligible classes (n = 4)
Eligible students (n = 75)
|
Students completed baseline
— assessments (n = 55)
g |
"g Randomised by school (n = 2)
s
= il
o Intervention School Control School
S Students (n = 31) Students (n = 24)
3
= - v
:4; Lost to follow-up Lost to follow-up
: (n-2) (n=0)
cj Discontinued Discontinued
(n=2) (n=0)
é Analysis (ITT) Analysis (ITT)
Té’ Students (n = 31) Students (n = 24)
<

Figure 1 - Flow diagram throughout the course of the study

Intervention

'The multicomponent intervention to promote PA was
implemented over 12 weeks and included three compo-
nents: (1) structured PA sessions delivered within Phys-
ical Education, (2) self-monitoring plus goal setting by
a pedometer, and (3) healthy lifestyle guidance by via
mobile health (mHealth). The strategies were guided by
self-determination' and social cognitive theory™.

'The structured PA sessions were focused on resis-
tance training, adapted from the Resistance Training
for Teens' program (i.e. this pilot study did not in-
clude modified game involving fitness infusion, boxing,

or core strength activity). The structured PA session
was designed for satisfying participants’ basic psycho-
logical needs which include autonomy, competence,
and relatedness of the students, and to promote auton-
omous motivation and self-efficacy for PA (including
resistance training). The structured PA sessions were
delivered within Physical Education lessons, twice a
week, for 20-minutes per lesson.

The structured PA program consisted of a combina-
tion of muscle-strengthening and aerobic exercise'. The
session followed a specific format including i) warm-
up including movement-based games and dynamic
stretching; ii) Resistance training skill development;
iii) high-intensity workout (resistance training plus
aerobic exercise), and iv) cool-down (static stretching)
with messages reinforcing healthy behavior'. In each
session, participants were divided into small groups
(between 4-5 people) and they had the autonomy to
choose their exercise, within a variety of cards pre-se-
lected by the teacher/research staff. The level of inten-
sity for each session component was guided by Borg’s
rating of perceived exertion scale'. Thus, the classes
in the intervention group (IG) were composed of the
“ActTeens session” lasting approximately 20-30 min-
utes of the usual activities focused largely on traditional
competitive team games and sports, twice a week.

To promote active behavior out of school, a pe-
dometer plus goal setting was used for 10 weeks. Each
adolescent within the IG received personalized goals
(based on the number of steps measured in the base-
line week) prescribed by the research team, which must
be achieved weekly. These goals were predetermined
following the protocol of the Kantanista study'’, with
new goals (steps/days) being set and progressively de-
livered to students every two weeks. To encourage the
increase in the number of steps/day across the week, a
graph was sent via WhatsApp® for adolescents, which
showed daily performance versus predetermined goals
during the last week.

Guidance on healthy behavior (mHealth) was per-
formed through weekly messages (video or infograph-
ic) by the WhatsApp® app, to both adolescents and
their parents (i.e. social support). The messages were
specific to promote and encourage active behavior and
provide guidance on healthy eating habits'.

Adolescents and their parents in the control group
(CG) received the same messages about healthy behav-
ior via the WhatsApp® app as the IG. However, the

adolescents in the control condition continued with
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their Physical Education classes as usual activities last-
ing approximately 50 minutes, twice a week.

Measures and data collection
All assessments were conducted in the study school by
trained research assistants, who were blinded to group
allocation at all time points (baseline and post-inter-
vention). The baseline assessments were conducted
before the group’s allocation, and the post-interven-
tion assessments were conducted after the end of the
12-weeks intervention program. Self-report informa-
tion was assessed using specific questionnaires. An-
thropometric assessments( weight, height and waist
circumference) were conducted by two researchers of
both sexes. Body mass was measured to the nearest 0.1
kg in light clothing without shoes using a portable dig-
ital scale (Welmy®, Santa Barbara do Oeste, Sao Paulo,
Brazil) and height was recorded using a portable stadi-
ometer (Welmy®, Santa Barbara do Oeste, Sdo Paulo,
Brazil). Body mass index was calculated according to
American College of Sports Medicine®.

'The research assistants were provided a brief verbal
description and demonstration of each fitness test be-
fore commencement.

Primary outcome

* Physical activity: Was assessed using Actigraph
hip-worn accelerometer (model GT3X+; Pensac-
ola, Florida, USA). Adolescents were instructed
to wear the accelerometer on the hip at the height
of the anterior iliac spine for seven consecutive
days (except when bathing, swimming ativities, or
sleeping). Raw data were sampled at 30Hz and
downloaded into 15 second epochs for analysis. Par-
ticipants with three days (including one weekend)
of valid wear time (at least 8 hours) or more were
included in the data analysis. According to previous
studies, it was defined time as “non-wear” if there
was no detection of an acceleration signal for more
than 60 consecutive minutes. Age-specific thresh-
olds were used to determine time spent in PA at
different intensities (light, moderate, vigorous, and
moderate to vigorous)*'. The output was expressed
as average of minutes spent in moderate-to-vigor-
ous PA, and as counts per minute, consistent with
previous interventional studies™.

Secondary outcomes
* Muscular fitness (MF): Upper body muscular en-

durance was assessed by using a 90-degree push-up*
and lower body was measured by a 30 second sit-to-

stand test?

. In the 90-degree push-up test, the par-
ticipant should lower their body until a 90-degree
angle is formed at the elbow before pushing back up,
using a cadence of 40 beats per minute. 'The test was
concluded when the participant either fails to do a
push-up in the angle required on two non-consec-
utive repetitions (warning verbalized by an assessor,
repetitions counted), fails to maintain movement in
time with the metronome, fails to maintain appro-
priate technique (back straight) or on the volitional
failure of the test. To assess lower body muscular en-
durance, participants were asked to go from a sitting
to a standing position and back to a sitting position
for 30 seconds as many times as possible.

* Cardiorespiratory fitness (CRF): Was assessed us-
ing the 20-m PACER shuttle run test, following
standardized procedures®?, which have excellent
validity and reliability with a reliability coefficient
of 0.78 to 0.93 in this population. A 20-m course
was set up indoors on a hard surface with students
instructed to run back and forth between 2 sets of
lines following an accompanying audio file. Test
administrators provided verbal encouragement to
participants to maximize motivation. The test was
terminated when the participants fail to complete
two consecutive laps in the allotted time or volun-
tarily dropped out due to fatigue. The last successful
stage was recorded and converted into the number
of 20m laps completed, and the total number of
laps was used to estimate maximal aerobic capacity
(VO,max) using an equation by Mahar*.

* Cardiometabolic profile indicators, such as capil-
lary fasting blood glucose was measured from fin-
ger-pick blood drops using an Accu-Chek Active
monitor (Roche Diagnostics, Sdo Paulo, Brazil). In
addition, blood pressure was measured in the right
arm after the subject had been sitting for at least 5
minutes using an automatic blood pressure monitor
(OMRON HEN-742, Sdao Paulo, Brazil) with cuffs
according to the arm circumference of each partic-
ipant, which has excellent validity and reliability in
the study population®. Waist circumference was
measured twice at the midpoint between the last
rib and the iliac crest using steel tape®.

Control variables
Biological maturation was estimated through the eval-
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uation of somatic maturation by determining the dis-
tance in years of the individual from the baseline peak
height velocity (PHV') using sex-specific mathematical
models?. Adolescents were asked about their age, gen-
der, and socioeconomic status (parent education and
family income). Information on sports practice among
adolescents was obtained by one question: “Do you do
any sports?” in a dichotomous manner (yes or no).

Process evaluation

A detailed process evaluation was conducted and in-
cluded the following: 1) reach (the number of students
who agreed to participate in the program); 2) retention
rate (referring to the 3-month follow-up).

Statistical Analyses

Descriptive statistic was composed of mean values and
its respective standard deviations (SD) for continu-
ous variables, and proportions for the categorical data.
Prior to analysis, tests for normality were conducted
on the indicators of primary and secondary outcomes.
Chi-square and t-tests were used to identify the pos-
sible differences between participants within the in-
tervention and control groups at baseline. All analyses
subscribed to the intention-to-treat principle, where-
by all participants were included in the analysis in the
group to which they were randomized.

To evaluate the influence of the intervention pro-
gram on the changes in the primary: (PA) and second-
ary (muscular fitness, cardiorespiratory fitness, and car-
diometabolic profile indicators) outcomes, generalized
estimating equations models were constructed. These
are considered appropriate models for continuous re-
sponse variables and repeated measures, reflecting the
association between the response and the independent
variables, adjusted for sex, chronological age, peak
height velocity, organized sport participation, and ac-
celerometer wearing time (only for primary outcomes).
Generalized estimating equations model was con-
structed for each outcome variable, and the corrected
quasi-likelihood under the independence model crite-
rion was used to evaluate the fit of the model to the
data. The lower the Corrected Quasi-likelihood under
Independence Model Criterion, the better the fit of
the model.

Analysis of covariance (ANCOVA) and adjust-
ments for sex, chronological age, peak height veloci-
ty, and baseline values were employed to compare the
effects of interventions on the primary and second-

ary outcomes between the groups investigated at the
post-intervention moment. The Bonferroni post hoc
was used to locate the differences between the means.
For this latter analysis, the robustness of our result was
confirmed by computing 95% confidence intervals us-
ing the bootstrapping method (1,000 re-sample). Ef-
fect sizes between groups were calculated using Eta
Squared (h*), The thresholds considered were: insignifi-
cant (< 0.19); small (0.20; 0.49); moderate (0.50; 0,79);
and large (> 0.80). The analyses were performed using
the statistical software package SPSS Version 23 (IBM,
New York, NY, USA), with significance set at 5%.

Results

'The baseline characteristics of the study sample can be
seen in Table 1. After the 12 weeks at the initial screen-
ing, 2 adolescents dropped out for personal reasons.

The intragroup comparison for the primary and
secondary outcomes is shown in Table 2. Adolescents
of the IG presented higher levels of light PA (mean
difference 37.6 minutes/day - 95% CI: 12.4; 62.8), as
well as moderate (mean difference: 8.4 minutes/day,
95% CI: 3.8; 13.1), and moderate-to-vigorous PA lev-
els (mean difference: 13.0 minutes/day, 95% CI: 7.8;
18.8) in comparison with baseline values.

Analyzing the individual outcomes, significantly
increase in lower body muscular fitness was observed
after 12 weeks of intervention (mean difference: 6.7
repetitions, 95% CI: 4.7; 8.8). For cardiorespiratory
fitness, the IG presented significantly increase in the
number of laps performed (mean difterence: 7.2 laps,
95% CI: 3.4; 11.0) and VO,méx. (mean difference: 2.3
mL.kg.min., 95% CI: 0.92; 3.7).

For the cardiometabolic outcomes, significant in-
teraction (time x group) was observed in the fasting
blood glucose for the CG (data not shown). For the
hemodynamic variables, significant reductions were
found in the IG for the systolic blood pressure (mean
difference: -7.7mmHg, 95% CI: -12.3; -3.0) and di-
astolic blood pressure (mean difference: -10.1mmHg,
95% CI: -14.5; - 5.8).

Analyzing the primary outcome between the groups
Table 3), significant intervention effect was found for
the PA.The IG presented an increase in time spent in
higher intensity levels of PA (moderate PA: 11.2 min-
utes/day) (moderate-to-vigorous PA: 18.9 minutes/
day) compared with the control group. For the second-
ary outcomes, no significant intervention effects were

found (p > 0.05).
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Table 1 - Baseline characteristics of the study sample.

Intervention group Control group Total
(n=31) (n=24) (n=55)
Age (years), mean (SD) 14.0 (0.67) 13.5 (0.43) 13.8 (0.62)
Females, n (%) 17 (54.8) 4 (16) 21 (37.5)
BMI (Kg/m?), mean (SD) 22.0 (3.5) 22.0 (4.9) 22.0 (4.2)
WC (cm), mean (SD) 71.7(9.2) 70.7 (11.6) 71.3(10.2)
PHYV (years), mean (SD) 1.3 (0.91) 0.16 (0.71) 0.83 (1.02)
Nutritional status, n (%)
Normal weight 18 (58.1) 13 (54.2) 31 (56.4)
Overweight 13 (41.9) 11 (45.8) 24 (43.6)
Sports practice, n (%)
Yes 11 (35.5) 15 (62.5) 26 (47.3)
No 20 (64.5) 9(37.5) 29 (52.7)
Parent education, mother, n (%)
Secondary education 309.7) 2(8.3) 509.1)
High school 3(9.7) 8(33.3) 11 (20.0)
College 25 (80.6) 13 (54.2) 38 (69.1)
Parent education, father, n (%)
Secondary education 2 (6.5) 2(8.3) 4(7.3)
High school 5(16.1) 7(29.2) 12 (21.8)
College 22 (71.0) 14 (58.3) 36 (65.5)

SD = standard deviation; n = sample; BMI = body mass index; WC = waist circumference; PHV = peak height velocity; * p < 0.05 significant

difference between groups.

Table 2 - Intragroup comparison in the primary and secondary outcomes with intention-to-treat analysis.

Intervention group

Baseline
(n=24)

12 weeks
(n=24)

Baseline
(n=14)

12 weeks
(n=14)

Primary outcome (n = 38)

Light PA (minutes/day)

130.3 (116.5; 144.1)

168.0(146.1; 189.8)"

175.7 (141.6; 209.8)

178.5 (150.0; 207.0)

Moderate PA (minutes/day) 6.4 (3.9;9.0) 14.9 (10.8; 19.0) 18.8 (13.4; 24.2) 16.3 (10.3;22.2)
Vigorous PA (minutes/day) ~ -mmmmmmmmmom- 6.8 (4.4;9.0) 6.9 (4.1;9.7) 6.8 (3.7;10.0)
Moderate-to-vigorou PA 6.4 (4.5;8.3) 19.5(13.6; 25.3)" 29.0(19.6; 38.4) 26.0 (15.4; 36.6)
(minutes/day)
Baseline 12 weeks Baseline 12 weeks
(n=31) (n=31) (n=24) (n=24)

Secondary outcomes (n = 55)
Sit-to-stand (repetitions)
Push-up (repetitions)
PACER (laps)

VO, . (mL.kg.min)

Fasting glucose (mg/ dL)
SBP (mmHg)

DBP (mmHg)

Waist circumference (cm)

20.2 (18.5;21.9)
4.1(2.6;5.5)
20.1 (17.4;22.8)
36.9 (35.9;37.8)
83.8(79.7; 87.9)
115.2 (111.6; 118.8)
71.9 (69.0; 74.9)
70.0 (63.5; 76.4)

27.0(25.3;28.7)°
6.1(4.4;7.9)
27.3(23,42; 31,35)
39.2 (37.8; 40.6)°
83.5 (78.9; 88.1)

107.5 (103.9; 111.0)°

61.7(59.1; 64.4)
69.1(62.8;65.3)

24.0 (22.4;25.7)
54(25;8.2)
2.9 (18.0;27.9)
38.7 (36.7; 40.6)
94.4 (89.9; 99.9)

116.4 (110.7; 122.1)

69.1 (63.4; 74.9)
74.7 (55.1;94.3)

27.4(25.2;29.5)
51(2.2;7.9)
32.6(27.1;38.2)
4.6(39.2; 44.0)
75.6(71.2; 80.0)°

112.5 (108.7; 116.2)

6.,5 (60.9; 68.1)
75.0 (55.4; 94.6)

PACER = Progressive aerobic cardiovascular endurance run; VO,méx = maximal oxygen consumption; SBP = Systolic blood pressure; DBP
= diastolic blood pressure. Data are expressed as mean and 95% confidence interval*p < 0.05 intragroup compared with baseline adjusted for
the covariates age, peak height velocity.

Opverall, the reach of the ActTeens intervention was
73.3% (55/75 eligible adolescents) with an adherence
rate of 96.3% (53/55). Furthermore, 89% of the struc-

tured sessions in the Physical Education lessons were
delivered, and 27 adolescents in the IG had 100% at-
tendance.
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Table 3 — Intervention effects on the primary and secondary outcomes between the groups with intention-to-treat analysis.

Intervention group
vs

Control group h? F p
Mean difference (95% CI)
Primary outcome
Light PA (minutes/day) 5.6 (-27.5;38.9) 0.04 0.121 0.73
Moderate PA (minutes/day) 11.2 (2.9; 21.0) 0.21 8.380 0.04
Vigorous PA (minutes/day) 4.8 (-1.4,11.1) 0.07 2.482 0.12
Moderate-to-Vigorous PA (minutes/day) 18.9 (5.9; 32.1) 0.19 7.426 0.01
Secondary outcomes
Sit-to-stand (repetitions) 2.8 (-0.31;6.5) 0.06 3.169 0.12
Push-ups (repetitions) 2.5 (-.04;5.8) 0.06 3.444 0.09
PACER (laps) - 1.7 (-8.5; 4.8) 0.005 0.257 0.65
VO, (mLkg.min) 1.6 (-6.0;3.1) 0.01 0.755 0.48
Fasting glucose (mg/ dL) 7.2(-1.7;16.2) 0.05 2.613 0.11
SBP (mmHg) -5.4 (-12.3;1.4) 0.04 2.487 0.12
DBP (mmHg) -0.56 (-5.7;4.7) 0.01 0.058 0.81
Waist circumference (cm) -0.76 (-2.4;0.96) 0.01 0.741 0.39

LPA = light physical activity; MPA = moderate physical activity; VPA = vigorous physical activity; MVPA = moderate-to-vigorous physical
activity; PACER = progressive acrobic cardiovascular endurance run; VO, . = maximal oxygen consumption; SBP = systolic blood pressure;
DBP = diastolic blood pressure. h?, ea squared — eftect size; Data are expressed as mean and 95% confidence interval; *p < 0.05 intergroup
comparison of post-12weeks values adjusted for the covariates sex, age, sports practice, peak height velocity, and baseline values.

Discussion
'The results of the current research show that ActTeens
intervention effects were observed for PA at moder-
ate and moderate-to-vigorous intensities, confirming
our primary hypothesis. Furthermore, after 12 weeks
of intervention, lower body muscular endurance, car-
diorespiratory fitness, and blood pressure significantly
improved within the IG. To the best of our knowledge,
this was the first study to explore the effects of imple-
menting a multicomponent intervention to promote
PA in adolescents during reductions in social distancing
restrictions due to the COVID-19 pandemic in Brazil.
Previous interventions conducted on adolescents
from Brazil have found inconsistent effects regarding
habitual PA*2, Evidence?” have shown an insignificant
effect of school-based interventions on PA, especially
when measured by accelerometers. Promoting active
behavior is a complex pathway, and multi-component
strategies appear to be more effective’”. In addition,
Van Sluijs et al.””. suggest that PA interventions fo-
cused on active behavior change should implement
strategies in contexts other than school. In this per-
spective, the ActTeens intervention used multi-com-
ponent strategies to promote and encourage the prac-
tice of PA both inside and outside the school. A range

of strategies were included at school context, such as
delivery of structured PA (muscle-strengthening and
aerobic exercise) sessions within Physical Education.
'This was aligned to the providing of opportunities for
PA practices that did not involve physical contact (e.g.:
sports), sharing equipment (ex: balls) and respecting
physical distance during the period of return to face-
to-face classes during the COVID-19 pandemic. In
addition, current trial also included strategies such
as self-monitoring and individualized goal-setting
through pedometer use, healthy lifestyle counselling
(mHealth), and parent involvement (social support),
wich were designed to promote active behavior of the
adolescents out-of-school.

In the present study, the IG’s PA behaviour im-
proved, on average, 11.2 minutes/day (2.9; 21.0; h?
= 0.21) and 18.9 minutes/day (5.9; 32.1; h? = 0.19)
minutes per day in moderate and moderate-to-vig-
orous, respectively, when compared to the CG (Table
3). These findings have relevant implications because
implementing strategies to encourage active behavior
is crucial, especially after the negative impact of the
COVID-19 pandemic* on the adolescents” lifestyle.
Multicomponent PA  program developed prior to
COVID-19 pandemic, also observed an increase in
moderate-to-vigorous PA in Brazilian® adolescents,
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but these studies used self-report measure to assess
PA, thus limiting their comparability with the current
study. Conversely, Costa et al.’? found a reduction in
PA during the school hours after the “Move yourself”
intervention in Brazilian students, however, the strate-
gies included in that intervention were only within the
school settings.

PA interventions should adopt a whole-school ap-
proach, also known as a comprehensive school-based
PA programme (CSPAP), which is considered the
gold standard for increasing PA among youth?. The
ActTeens intervention included components fol-
lowing: structured PA in Physical Education lessons,
self-monitoring plus individualized step goals, and pa-
rental engagement, within CSPAP-based approach.

Regarding muscular fitness, the present study led to
a significant group—time effect on lower body muscular
endurance (sit-to-stand test) in the IG. Similar results
were also observed in previous clinical trials'®'!. This
improvement on lower body muscular endurance has
important implications for health, as this component
of fitness has been inversely associated with clustered
cardiometabolic risk factors® and positively associated
with bone health’. As seen in Resistance Training for
Teens', the inclusion of muscle-strengthening activities
(e.g., resistance training) in Physical Education lessons
is an applicable intervention, as the practical activities
last 15 minutes.

In the present study, cardiorespiratory fitness sig-
nificantly improved compared to baseline in IG adoles-
cents. The inclusion of combined aerobic and resistance
exercises in Physical Education lessons has shown an
effective strategy to improve adolescents” cardiorespi-
ratory fitness®. This strategy was included in the Act-
Teens intervention. In addition, another component
implemented in the present study was the pedometer
assessment to encourage an increase of PA practice
outside the school, which may also have promoted the
improvement of cardiorespiratory fitness. Isensee et
al.” performed a school-based intervention using only
pedometer in adolescents. Similar to our study, the au-
thors reported significant increases in VO, after 12
weeks of intervention and 1-year follow-up. Of note,
both interventions only encourage increase steps/days,
without defining a rate of steps/minute or intensity.

Importantly, the increase in muscular and cardiore-
spiratory fitness after 12 weeks of intervention in IG,
especially when considering the negative impacts of
the pandemic on physical fitness in adolescents®, may-

be a direct result of the reduction in PA in adolescents.
Another source of variation which should be consid-
ered it is the maturational status of adolescents, as the
cardiorespiratory and muscular components normally
increase throughout the maturation process®.

Regarding indicators of cardiometabolic health,
there were significant reductions in systolic blood
pressure and diastolic blood pressure in the IG, and in
glucose in the CG compared to baseline. Wellman et
al.*®, reported that encouraging adolescents to add at
least 5 minutes of moderate PA per week to their usual
practice reduces lower odds of having high blood pres-
sure. Moreover, it is important to consider the clinical
implication of reductions in blood pressure on cardio-
vascular disease.

In summary, to our knowledge, there was no sim-
ilar intervention conducted with adolescents in Brazil
during the pandemic. However, further clinical trials
using strategies of the ActTeens program with longer
tollow-up periods, and investigating a larger sample
of adolescents from difterent schools should be con-
ducted. Strengths of this study include the design, high
participant retention (93.5%), and participation in ses-
sions (93.7%). Furthermore, the results found in the
present study suggest that strategies of the ActTeens
program were effective for promoting the increase of
PA practice and physical fitness in these adolescents,
which is particularly relevant during the COVID-19
pandemic, a period associated with increased physical
inactivity. However, some limitations should be recog-
nized , such as the small sample size may limit the gen-
eralization offindings of the present study, as the study
was conducted in just two schools with more boys than
girls; lack of control of the intensity of the structured
activities delivered within Physical Education lessons.

Conclusions

'The strategies proposed in the ActTeens program had
positive effects on adolescents’ PA practice, including
an increasing on the time spent at moderate and mod-
erate-to-vigorous intensities. In addition, 12 weeks of
multicomponent intervention resulted in significant
improvements in lower body muscle endurance, CRE,
and blood pressure in IG Brazilian adolescents.
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