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Abstract
Introduction: High-intensity interval training (HIIT) programs have demonstrated positive effects on cardiorespiratory fitness and
cardiometabolic parameters, but their impact on other health parameters (such as bodymass and fat) and cognition remains unclear.
This paper presents the rationale and methods of a HIIT after-school physical activity (PA) intervention (MOVI-daFIT!) on reducing fat
mass and cardiovascular risk, and improving physical fitness, executive function, and academic achievement among children aged 9
to 11 years old.

Methods: A cluster randomized controlled trial (RCT), including 10 schools from Cuenca province, Spain, was designed. Schools
were randomly assigned to the MOVI-daFIT! intervention and to the control group. Children were evaluated at the beginning
(September 2017) and at the end (June 2018) of the school year. Children in the intervention group were involved in 60-minute after-
school sessions 4 days per week developed in the school setting. Each session consisted of 15 minutes of set-up and warm-up
games, 28minutes of games using the HIIT protocol, and 10minutes of cool down. In addition, children in the intervention and control
groups received 2 regular 50-minute physical education sessions per week, as it is compulsory by law in Spanish schools.

Conclusion: This study will determine the effect of an after-school physical activity intervention (MOVI-daFIT!), designed as a HIIT
program, on reducing fat mass and cardiovascular risk, and improving fitness and cognition, including executive function and
academic achievement.

Abbreviations: BDNF = brain-derived neurotrophic factor, BMI = body mass index, CG = control group, cHDL = high-density
lipoprotein cholesterol, cLDL = low-density lipoprotein cholesterol, DCCT = Diabetes Control and Complications Trial, FPG = fasting
plasma glucose, HbA1c = glycated hemoglobin A1c, HIIT = high-intensity interval training, HPLC = high-performance liquid
chromatography, IFCC = International Federation of Clinical Chemistry, IG = intervention group, WHO =World Health Organization.
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1. Introduction

During the last decades, children’s sedentary behaviors have been
continuously increasing.[1,2] As the World Health Organization
(WHO) reports, 81% of adolescents do not meet the recom-
mended 60 minutes per day of moderate-to-vigorous intensity
physical activity.[3] Children have reduced the time spent on
physical activity within the school setting, where academic
subjects other than physical education have been progressively
gaining importance[4]; furthermore, screen-based activities have
replaced most time spent for leisure physical activity.[2] In
contrast, growing scientific evidence recommends increasing
physical activity time to achieve benefits on children’s health by
counteracting the consequences of sedentary behaviors.[5]

Physical inactivity is one of the leading factors contributing to
the worldwide increase of overweight/obesity rates.[6] In
addition, the increase of children’s physical inactivity rates is
coupled with a decrease in their cardiorespiratory fitness levels.[7]

Both overweight/obesity and low levels of fitness are associated
with not only children’s physical health disorders such as
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hypercholesterolemia, hypertension, hyperinsulinemia, and
worsening subclinical arteriosclerosis markers,[8–13] but also
low scoring on cognition, academic achievement, self-esteem, and
health-related quality of life.[14,15]

Because children spend a lot of time in school, this has been
proposed as a good setting to promote healthy habits that decline
the negative consequences of physical inactivity.[16] The school
environment offers a permanent platform to access people at
early ages, a key period of biological and social life in which
physical activity interventions could produce positive short- and
long-term benefits, and behavioral changes that tend to persist
from infancy through adolescence to adulthood.[5] School-based
physical activity interventions have demonstrated positive effects
to reduce body fat and cardiovascular risk factors.[17] Further-
more, benefits of physical activity programs on children’s
cognition, metacognition, and academic performance have been
reported.[18,19]

Most of the previous interventions were aimed at achieving
international recommendations for physical activity. With this
aim, in recent years high-intensity interval training (HIIT)
programs have been implemented, which have demonstrated
to be time-efficient and to easily fit into children’s patterns of
spontaneous exercise.[20] HIIT programs have reported greater
positive effects than other physical activity programs on
cardiorespiratory fitness and cardiometabolic parameters, and
are particularly effective in lowering blood pressure and
cardiovascular disease biomarkers.[20,21] However, their impact
on other health parameters, such as body mass and fat, and
cognition, remains unclear.

2. Aims

The purpose of this paper is to describe the study design and
protocol for a HIIT physical activity school-based program
named MOVI-daFIT!. The objective of this study was to assess
the effectiveness of the MOVI-daFIT! intervention in children
from 9 to 11 years old on improving physical fitness, and
reducing fat mass and cardiovascular risk; and improving
executive function and academic achievement.

3. Methods

3.1. Design

This study was designed as a cluster randomized controlled trial
with 2 parallel groups. The CONSORT 2010 statement:
extension for cluster trials[22] will be used to conduct and report
results of this trial.
3.2. Recruitment and allocation

The Clinical Research Ethics Committee of the ‘Virgen de la Luz’
Hospital in Cuenca approved the study protocol. The develop-
ment of this project was supported by the Department of
Education and Science of the Junta de Communities of Castilla-
LaMancha (Spain), which sent a letter informing each school that
agreed to participate about the study. After that MOVI-daFIT!
researchers provided information about the objectives and
methods of the study to the head teacher, the school board,
and the physical education teachers of the schools. The consent of
the School Council, board of community participating in school
management, was required to participate in MOVI-daFIT!.
Finally, 10 schools from 10 towns in the province in Cuenca,
Spain, agreed to participate (Fig. 1).
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After approval from School Councils, the schools were
randomly assigned to either the intervention group (IG) or the
control group (CG), by using the statistical package StatsDirect.
3.3. Participants and study sites

In all schools, all children belonging to the fourth and fifth grades
of primary school (9–11 years old) were invited to participate.
Parents were invited to a meeting in which researchers provided
complete information about the objectives and procedures of the
study. Signed informed consent from parents was compulsory for
the children whose parents decided that they will participate in
MOVI-daFIT!. Parents were encouraged to take children’s
opinion into consideration for this decision.
Children’s clinical parameters information was sent to their

parents after each measurement. In addition, appropriate
recommendations were suggested when abnormal values were
detected. Finally, parents had access to theMOVI website (www.
movidavida.org), where they could post any questions to the
MOVI group and share videos or photos.
3.4. Inclusion and exclusion criteria

To participate in the study, schools were required to have at least
one full classroom of fourth grade and another of fifth grade.
Children were excluded when presenting Spanish learning
difficulties; teachers or parents reported any child’s serious
physical or mental disorders which could impede participation in
the activities of the program; or pediatricians reported any child’s
chronic disorder such as heart disease, diabetes, or asthma that
could prevent participation in the activities of the program.
3.5. Intervention
3.5.1. MOVI-daFIT!: description. This program includes recre-
ational and noncompetitive physical activities, based on
traditional games, but using a HIIT protocol adapted to
children’s age. A detailed description of the playground games
used in the exercise sessions is freely accessible at www.
movidavida.org. The same games as the MOVI study were
used, but several adaptations to increase physical intensity were
made. For example, in a game of chase when a child is caught, he/
she cannot stand still waiting for another child to save him/her
but must do jumping jacks, running on the spot, squats, and so
on. An example session can be found in Table 1.
The program was implemented from October 2017 to May

2018, includinga total of 102 sessions in each school. For statistical
analyses, children who attended ≥80% of the MOVI-daFIT!
sessions were considered to have received the intervention.

3.5.2. MOVI-daFIT!: prescribed amount/intensity. Children
were involved in 60-minute after-school sessions 4 times a week
developed within the school setting.[23] Each session consisted of
15 minutes of set-up and warm-up games, followed by 28
minutes of games using the HIIT protocol, in which a 4-minute
game of high-intensity activity (at 85%–90% of the maximum
heart rate, approximately 178–190ppm) was followed by a game
of recovery activity lasting 3 minutes (at 65%–75% of the
maximum heart rate, approximately 136–147ppm), and this
sequence was repeated 4 times. Finally, children played a 10-
minute low-intensity game for cool down (Fig. 2). Sometimes, the
games were repeated to minimize the time spent explaining. To
ensure that children reached the intensity of the planned physical
activity, children’s heart rates were randomly monitored each
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Figure 1. Flow chart of trial participants. CG=control group; IG= intervention group.
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session. When the planned intensity per session was not reached,
trainers modified the exercise characteristics to achieve the daily
target (increasing the number of children catching, reducing the
playing space or including new rules). On the contrary, if the
children exceeded the desired intensity, there was no recovery
game, and children rested standing while listening to the
explanations for the next game.
3

To increase the workload, after the 12th week of the program,
the session’s protocol increased the HIIT time to 32 minutes,
which included 4 blocks of alternating 5 minutes of high-intensity
activity with 3minutes of recovery activity. During this phase, the
warm-up and the cool down lasted approximately 10 minutes
each. This volume and intensity were maintained until the end of
the program.
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Table 1

MOVI-daFIT! session type.

Equipment: foam ball, handkerchiefs and rings.

Animation and warm-up GC Time

“Prisoner ball” game: players are divided into 2 groups and each team is placed in their field. The game consists in eliminating the
players of the opposing team, throwing a ball. The player who is hit will go to the opposite field and will be behind the line of the same
field, but will continue playing, waiting for his teammates to pass the ball. If a player throws the ball to an opponent to try to eliminate him
but he catches it in the air, he can return it trying to eliminate another. The last player of a team will have the opportunity to win his team,
if he manages to dodge 10 pitches of the opposing players. At the end of the activity students will be asked to be placed in pairs as quickly
as possible. They must remember these pairs for the next games that require said organization.

2 groups 10’

Explanation and organization of the next activity. Big group 5’
HIIT protocol GC Time

High-intensity activity
Block I “Signs”: distribute 6 handkerchiefs to 6 students and jog around the entire space (delimit a small area of play) following

the teacher’s instructions. If the teacher slaps, they will stop at the site and perform knees up until they receive a new order,
if they say “two!” They will perform Jumping Jacks, if they step on the ground they will perform Burpees, and if they say
“signals! ”Students who wear a handkerchief should try to catch another classmate (before the teacher indicates another
action) to exchange their roles. They will win those players who do not have the handkerchief when the game ends.

Big group 4’

Recovery
“Chinese Pulse”: one in front of the other, holding one hand and with one foot in front (match the tips). Try to unbalance

the partner by having him move the foot forward. The back foot can move.
Couples 3’

High-intensity activity
Block II “Signs”: same methodology as the previous high-intensity activity. We can add new signs in order to higher the difficulty

and intensity.
Big group 4’

Recovery
Explanation and organization of the next activity. Big group 3’

High-intensity activity
Block III “Rings of colors”: 6 children will keep it, each with a ring (use 3 rings of one color and another 3 of another color,

example blue and red), which will try to catch the rest (delimit a small area of play). When a child is reached by a partner
who has a ring they will exchange their roles. The player reached, before trying to catch another partner, must do 10 squats
inside the ring when it is blue (children must count them out loud, so the teacher can check that they do not cheat). If the
color of the ring is red, they must make 10 Burpees on the ring.

Big group 4’

Recovery
“Chinese pulse” Couples 3’

High-intensity activity
Block IV “Rings of colors”: same methodology as the previous high-intensity activity. Add rings of other colors and assign them a

new action (e.g. climbers, knees up, etc.).
Big group 4’

Recovery
“Dizziness”: all the students forming a circle, except one that stays in the middle. They pass the ball without being

touched by the one in the middle. If he touches the ball, it is released and the one who passed it remains in the center.
Make several groups. Variant: pass with the foot.

Small groups 3’

Cool down GC Time
“Pass the flow”: students will be placed in a circle with their hands clasped and with a player in the center with their eyes covered. The
teacher must choose a student from the circle to start a download (handshake to his partner). The students in the circle should try to go
through that download throughout the circle until returning to the initial partner without the player in the middle (who can see once the game
starts) to discover where the “current” is going. Go rotating with different students in the center.

Big group 10’

GC=group composition, HIIT=high-intensity interval training.
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3.5.3. MOVI-daFIT!: design and teacher training. The MOVI-
daFIT! program was designed by 2 physical activity and sport
sciences graduates, and implemented by trainers with technical
qualifications in physical activity and sports who were blinded to
the participants group assignment. Trainers learned the MOVI-
daFIT! program during a 1-day training session to standardize
the implementation of the program. The workshop was
conducted by the main researcher of the project and the
researchers responsible for the design of the physical activity
program. The main objective was to engage, inspire, and equip
trainers with the necessary skills to perform the MOVI-daFIT!
protocol.

3.5.4. MOVI-daFIT!: monitoring and adherence. To improve
adherence to the program, participants attending ≥80% of the
sessions received small gifts depicting the logo of the program’s
mascot as a reward (t-shirts, fidget spinners, etc.). A telephone
4

number and an email address were available for parents and
teachers to keep them informed about the development of the
program. Monthly contacts with monitors were held by phone
and e-mail to obtain information on the attendance of children to
the program. Moreover, a visit to the schools was made to assess
program performance and conduct satisfaction surveys with
children. Finally, the monitors were responsible for accounting
adverse effects derived from the program and recording the
reasons for dropout.
Children in both the IG and CG received, as it is compulsory by

law in Spanish schools, 2 regular 50-minute physical education
sessions per week.
4. Outcome measures

Baseline and postintervention measurements corresponded with
the beginning and the end of the school year (September 2017 and



Figure 2. Session design MOVI-daFIT!.
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June 2018, respectively). Table 2 summarizes the variables
measured.
The measurements were made at school by evaluators who

were previously trained to standardize the measurements and
blinded to the group in which participants were allocated.
4.1. Primary outcome

Anthropometric variables were measured twice, and their
average was considered for the analyses. Weight was measured
using a scale (Seca 861) with the child in light clothing and
barefoot. For height, a wall stadiometer (Seca 222) was used with
children barefoot and upright while the sagittal midline touched
the backboard. Children had to look straight ahead, and the line
of sight had to be parallel to the floor.
Table 2

Study variables.

Type of variable Specific variables

Primary outcomes Anthropometry: weight, height, waist circumference,
percentage of body fat by bioelectrical impedance

Blood pressure
Blood tests: lipid profile, glucose, A1 and B
apolipoproteins, insulin, C-reactive protein and BDNF

Physical fitness: cardiorespiratory fitness, muscle strength,
flexibility, speed, agility

Co-primary outcomes Executive function: inhibition, working memory, and
cognitive flexibility

Academic performance
Physical activity: accelerometry
Health-related quality of life
Motor competence

Confounding outcomes Age
Sex
Food consumption: parents report by Children’s
Eating Habits Questionnaire (CEHQ)
Socioeconomic status: education, occupation, employment
status of each parent

Sexual maturity: parent report of Tanner stages
Birth weight
Breastfeeding
Gestational age

5

Body composition. Body mass index (BMI) was calculated as
weight (kg)/height (m)2. Waist circumference was considered as
the mean of 3 measurements using a flexible tape at the midpoint
betweenthe last ribandthe iliaccrestat theendofanormalexpiration.
The percentage of body fat and fat-freemass weremeasured by using
an 8-electrode Tanita Segmental-418 bioimpedance analysis system
(Tanita Corp., Tokyo, Japan).[24] Body fat and fat-free determina-
tions were performed under controlled temperature and humidity
conditions. Inaddition, themeasurementsweredonebeforebreakfast,
after urination, and after a 15-minute resting period.
Blood pressure. Systolic and diastolic blood pressure and heart

rate were measured in a quiet place and after a 5-minute resting
period using an OMRON-M5-I device (Omron Healthcare UK
Ltd.),[25] and cuff size was used according to the child’s arm
circumference. We considered for analyses the mean of the 2
measures separated by 5 minutes each.
Biochemical determinations. Blood samples were drawn from

the cubital vein between 9.00 and 10.00 AM, and after a 12-hour
fasting period. Two aliquots from each sample were frozen for
future determinations that could be of interest for parents.
Lipid profile. Cholesterol, triglycerides, high-density lipopro-

tein cholesterol (cHDL) and low-density lipoprotein cholesterol
(cLDL), glucose, apolipoproteins A1 and A2, insulin, glycated
hemoglobin A1c (HbA1c), C-reactive protein, and brain-derived
neurotrophic factor (BDNF) were determined. FPG and lipid
profile measurements were performed using the Cobas 8000
Roche Diagnostics system. Insulin was determined with the
Architect i2000 Abbot Diagnostic system. C-reactive protein was
measured using the Cobas 6000 Roche Diagnostic system and
HbA1c by high-performance liquid chromatography (HPLC)
with the analyzer ADAMS HA 8180V Menarini Diagnostic,
which was standardized for the Diabetes Control and Compli-
cations Trial (DCCT), and the International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC). Samples
were refrigerated when they were drawn farther than 75 minutes
away from the laboratory. Finally, biochemical determinations
allowed for estimating insulin resistance using the HOMAmodel
and determining the metabolic syndrome index.[26]

Physical fitness parameters were measured after a 4-minute
warm-up, using the PREFIT battery[27,28] as follows:
–
 Cardiorespiratory fitness was measured using the Course
Navette test (20-m shuttle run test). Two lines 20-m apart were

http://www.md-journal.com
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painted on the floor. Children were encouraged to run back and
forward following the sound signal of a prerecorded tape. This
sound started with a cadence of 6.5km/h and increased in 0.5
km/h each minute. Children failed the test when they did not
reach the lines before the signal sounded twice. Maximal
oxygen intake was calculated by applying the preschool-
adapted 20-m shuttle-run (PREFIT) formula.[29]

Muscle strength was assessed based on upper body and lower
–
explosive body strength.

A digital dynamometer with adjustable grip TKK 5401 Grip-
DW (Takeya, Tokyo, Japan) was used to measure upper body
strength in kilogram. The test was performed twice with the right
hand and twice with the left hand; the mean average of the 4
measurements was calculated.
The standing long jump was used to measure lower explosive

body strength. Children stood behind a line with their feet
approximately shoulder width apart and jumped as far as
possible with both feet. The test measures the distance in
centimeters from the starting line to the back of the children’s
heels. The best of 3 trials was recorded.
–
 Speed ability was assessed using the speed–agility test 4�10
shuttle run test. Children ran as fast as they could 4 times
between 2 lines 10-m apart. The best of 2 trials in a 5-minute
interval was recorded in seconds. For analyses, this variable
was multiplied by �1, as less time represents better results.
Flexibility was measured by the sit-and-reach test. Children sat
–
on the floor with their legs out straight ahead and feet placed
flat against a box. The maximum distance the children could
reach with their fingertips by flexing the trunk keeping the
fingers level and without flexing the knees was measured. The
best mark from 3 attempts was used for analyses.[30]

4.2. Co-primary outcomes
4.2.1. Executive functions. The 3 core executive functions [31]

(i.e., inhibition, working memory, and cognitive flexibility) were
measured by using the NIH tool box.[32] All measurements were
performed using the digital format test, and was administered to
the children individually and in a quiet room.
In brief, inhibition was measured using an adapted version of

the Eriksen Flanker Task.[33] The version included a practice
block of 4 trials that children passed if they got ≥3 trials. If so, a
20-trials block is presented consisting of a pseudorandom
sequence of congruent and incongruent trials. Validation
procedures previously reported were used to calculate accuracy
percentage, and reaction time on congruent and incongruent
trials; in addition, raw scores were obtained.[34]

Working memory was measured using the List Sorting
Working Memory Test.[34] Children were presented a series of
illustrated pictures, after that they were asked to verbally repeat
the names of the pictures in order of size, from smallest to largest.
The number of objects in the series increased by one each time.
Two list versions were presented, the first presenting items in one
category (i.e., animals), and the second presenting items in 2
categories (i.e., animals and food). In the second version, children
were asked to remember and organize items by category and size.
Cognitive flexibility was measured using the Dimensional

Change Card Sort test.[33] This tool presented a stimulus by
“color” or “shape,” and children were asked to adapt their
response according to the relevant dimension. First, a 4-trial
practice block was presented, fromwhich children needed to pass
3 to get the mixed 30-trial block. During the mixed block,
6

“color” and “shape” trials were presented in a pseudorandom
order. Validation procedures previously reported were used to
calculate accuracy percentage and reaction time on pre-switch
and post-switch trials; in addition, raw scores were obtained.[33]

Academic achievementwas assessed through school records on
language andmathematics academic subjects. Scores at the end of
the 2016 to 2017 and the 2017 to 2018 school years were
considered as baseline and final measurements, respectively.
Physical activity. In a subsample of 500 randomly selected

children, physical activity was objectively measured using
GENEActive accelerometers (ActivInsights) for 7 consecutive
days (including nights), with a fixed frequency of 30.0Hz to
collect raw acceleration data measured in “g” for each movement
axis (x, y, and z), to measure the physical activity of children in
the IG and the CG. Data were stored directly in the memory of the
device and expressed in units of milligram (1000mg=1g=9.81
m/s2).[35] We considered as valid measurements those of ≥5 days,
including 1 weekend day.
Health-related quality of life was measured using the validated

Castilian version of KIDSCREEN-27.[36] Children and parents
were asked to separately complete this questionnaire to compare
results.
Motor competences were assessed using 5 tests that evaluate

gross motor skills (2 for ‘aiming and catching’ and 3 for ‘static
and dynamic balance’) of the Movement Assessment Battery for
Children for children from 7 to 10 years old. [37]
4.3. Confounding variables

The following were considered as confounding variables:
�
 Food consumption was estimated using the Children’s Eating
Habits Questionnaire (CEHQ)[38] completed by parents.
Family socioeconomic status was estimated using the Spanish
�

Epidemiology Society Scale. Mothers and fathers reported their
respective educational levels and employment status, and an
index was calculated considering both.[39]

Parents reported sexual maturation identifying their children’s
�

pubertal status on figures based on the Tanner stages.[40,41]

Birth weight, breastfeeding, gestational age, and parents’
�

information (weight and height) were also collected.

5. Data analysis and management

5.1. Sample size

The sample size was estimated by considering a 0.3 difference
mean change between the IG and the CG in cardiorespiratory
fitness, as has been reported in previous studies.[42] The estimates
were calculated considering an alpha error of 0.05 and statistical
power of 0.80. In addition, a mean of 40 children was considered
in each classroom with a 15% dropout rate. For sample size
calculation, optimal design software was used and Donner and
Klar’s models were considered.[43]
5.2. Analyses of outcomes

After measurements, participants’ data will be entered into a
database by 2 independent researchers. Blinding on handling
data will be assured by separating measurements values from
general participant’s information. Statistical analyses will be
performed in 3 waves. First, the effectiveness of the randomiza-
tion processes will be checked by exploring outlier values, and the
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normal distribution of the variables using the Kolmogorov
Smirnov test and graphical procedures (normal distribution
plots). After checking the truthfulness of outliers and extreme
values, these will be winsorized using the 1st percentile and 99th
percentile of the distribution of variables. Before conducting the
analyses, and after considering the missing at random or missing
completely at random nature, children with missing data will be
imputed using chained equations.
Second, mixed regression models[44] will be used to assess the

change between the baseline and final variable measurements.
For these analyses, each variable will be considered as an
independent variable, and the intervention as a fixed effect. In
addition, the analyses will be adjusted for baseline data, age, sex,
and school (cluster).
Finally, the previous analyseswill be doneusingpropensity score

methods for comparing the IG and the CG in the scenario inwhich
IG subjects have the same characteristics as the CG ones at the
baseline. This statistical method allows each child in the IG to be
matched with a child in the CG, by using a variable as reference.
Results will be considered statistically significant at P<0.05.

The analyses will be performed using version 9.2 of STATA14.
Finally, statisticians conducting the analyses will be blinded to the
participant’s allocation.
6. Discussion

This paper states the rationale and methods of a cluster
randomized trial aimed at testing the effectiveness of an after-
school physical activity intervention (MOVI-daFIT!), designed as
a HIIT program, on reducing fat mass and cardiovascular risk,
and improving fitness and cognition, including executive function
and academic achievement.
Since sedentary time and overweight prevalence among

children have been increasing during the last decades, developing
physical activity programs aimed at reducing both are a political
interest and public health necessity.[45] For this purpose, schools
are suitable places to implement programs based on behavioral
changes,[5,16] but additional evidence is needed on how to benefit
from the effects of physical activity on children’s physical and
mental health within these settings.
Previous physical activity programs have demonstrated some

positive effects on cardiovascular risk factors, for example, blood
pressure, cholesterol, waist circumference, and body fat[46];
however, these changes do not seem to be translated into lower
BMI or overweight/obesity prevalence.[47] Furthermore, physical
activity programs have reported positive effects on children’s
cognition, metacognition, and academic performance.[18,19] The
benefits of physical activity programs on children’s physical and
mental health seem to be promoted by improvements on
children’s fitness,[9] but it should be highlighted that a specific
description of the physical activity characteristics (i.e., frequency,
intensity, and duration) and their combination associated with
greater health improvements is still needed. In addition, there is a
lack of evidence on how the deliberated manipulation of task
complexity impacts children’s cognition.[18]

Echoing these calls, we have developed the MOVI-daFIT!
program to translate into practice the WHO’s physical activity
children’s recommendations.[23] Each session was carefully
detailed in advance and designed to achieve the moderate-to-
vigorous daily recommendations of physical activity. Children
were monitored to ensure the daily-intensity goal and the
activities programmed per session were modified based on
children’s reports. Furthermore, activities included cognitive
7

and coordinative demands needed to foster the positive effects
of physical activity on children’s cognition and to achieve the
desired intensity. This approach helped us design more realistic
physical activity sessions that could better fit into children’s
physical activity patterns and enhance the usefulness and
transferability of our results.
Some strength points of this program are that it is developed

within the school setting using school facilities, a familiar
environment for children, but without requiring changes in the
curriculum; the physical activity program takes parents’ opinions
and preferences into consideration without overloading them;
furthermore, it includes programmed and structured activities,
which are easily reproducible; and activities are designed so each
child reaches the daily goal without promoting competitiveness.
We should recognize some limitations. Although this is a

randomized controlled trial, children, parents, and teachers could
not be blinded regarding the allocation group and some bias
could be derived from this fact. We tried to reduce this bias
through the cluster-randomized design. In addition, the measure-
ments and intervention program sessions were standardized by
training the staff, but some variability could not be neglected.
Finally, a program based on physical activity was designed
without considering diet interventions, although diet behavior
information was collected. We followed previous research
considering that energy intake is not themain cause of overweight
prevalence and that diet interventions could increase the obese/
overweight prevalence.[48,49]
Acknowledgments

We thank all schools, families, and pupils for their enthusiastic
participation in the study.
Aditional information section: Clinicaltrials.gov identifier

(NCT number): NCT03236337.
On behalf of: Carlos Berlanga-Macías, Blanca Notario-

Pacheco, Ana Díez-Fernández, María Jes�us Pardo-Guijarro,
Marta Nieto-López, Alberto González-García, Jorge Cañete
García-Prieto, Ana Torres-Costoso, Antonio García-Hermoso,
Caterina Pesce, and Ricardo Cuevas-Campos.
Author contributions

VMV and MSL designed the study. VMV was the principal
investigator and guarantor. MSL, CAB, ICR, and VMV were the
main coordinators of the study. CAB, ICR, DPPC, MGM,
JAMH, VMM, and EPM conducted the study. ICR and VMV
gave statistical and epidemiological support. VMV wrote the
article with the support of MSL and CAB. VMV obtained the
funding, with the assistance of MSL. All authors established the
methods and questionnaires, provided comments on the drafts,
and have read and approved the final version.
Conceptualization: Vicente Martínez-Vizcaíno, Celia Álvarez-

Bueno, Iván Cavero-Redondo, Mairena Sánchez-López.
Data curation: Celia Álvarez-Bueno, Miriam Garrido-Miguel,

Jose Alberto Martínez-Hortelano.
Formal analysis: Iván Cavero-Redondo, Diana P Pozuelo-

Carrascosa.
Funding acquisition: Vicente Martínez-Vizcaíno, Enrique Prada

de Medio, Mairena Sánchez-López.
Investigation:Celia Álvarez-Bueno, Diana P Pozuelo-Carrascosa,

Miriam Garrido-Miguel, Jose Alberto Martínez-Hortelano,
Vanesa Martínez-Madrid, Enrique Prada de Medio, Mairena
Sánchez-López.

http://www.md-journal.com


[19] Álvarez-BuenoC,PesceC,Cavero-Redondo I, et al.Academic achievement

Martínez-Vizcaíno et al. Medicine (2019) 98:9 Medicine
Methodology: Vicente Martínez-Vizcaíno, Iván Cavero-
Redondo, Miriam Garrido-Miguel, Jose Alberto Martínez-
Hortelano, Mairena Sánchez-López.

Project administration: Celia Álvarez-Bueno, Diana P Pozuelo-
Carrascosa.

Supervision: Vicente Martínez-Vizcaíno, Iván Cavero-Redondo,
Diana P Pozuelo-Carrascosa, Miriam Garrido-Miguel, Jose
Alberto Martínez-Hortelano, Vanesa Martínez-Madrid,
Enrique Prada de Medio, Mairena Sánchez-López.

Writing – original draft: Vicente Martínez-Vizcaíno, Celia
Álvarez-Bueno, Iván Cavero-Redondo, Jose Alberto Martí-
nez-Hortelano, Vanesa Martínez-Madrid, Enrique Prada de
Medio.

Writing – review and editing: Vicente Martínez-Vizcaíno, Celia
Álvarez-Bueno, Iván Cavero-Redondo, Miriam Garrido-
Miguel, Mairena Sánchez-López.
References

[1] Tremblay MS, LeBlanc AG, Kho ME, et al. Systematic review of
sedentary behaviour and health indicators in school-aged children and
youth. Int J Behav Nutr Phys Act 2011;8:98.

[2] Arundell L, Fletcher E, Salmon J, et al. A systematic review of the
prevalence of sedentary behavior during the after-school period
among children aged 5-18 years. Int J Behav Nutr Phys Act
2016;13:93.

[3] Who.int. (2018). WHO j Prevalence of insufficient physical activity.
Available at: http://www.who.int/gho/ncd/risk_factors/physical_activi
ty_text/en/. Accesed August 3, 2018.

[4] Diamond AB. The cognitive benefits of exercise in youth. Curr Sports
Med Rep 2015;14:320–6.

[5] Langford R, Bonell C, Jones H, et al. The World Health Organization’s
health promoting schools framework: a Cochrane systematic review and
meta-analysis. BMC Public Health 2015;15:130.

[6] Sahoo K, Sahoo B, Choudhury AK, et al. Childhood obesity: causes and
consequences. J Family Med Prim Care 2015;4:187–92.

[7] Armstrong N, Tomkinson G, Ekelund U. Aerobic fitness and its
relationship to sport, exercise training and habitual physical activity
during youth. Br J Sports Med 2011;45:849–58.

[8] Morrison KM, Shin S, TarnopolskyM, et al. Association of depression&
health related quality of life with body composition in children and youth
with obesity. J Affect Disord 2015;172:18–23.

[9] Smith JJ, Eather N, Morgan PJ, et al. The health benefits of muscular
fitness for children and adolescents: a systematic review and meta-
analysis. Sports Med 2014;44:1209–23.

[10] Orsi CM, Hale DE, Lynch JL. Pediatric obesity epidemiology. Curr Opin
Endocrinol Diabetes Obes 2011;18:14–22.

[11] Reinehr T, Wunsch R. Intima media thickness-related risk factors in
childhood obesity. Int J Pediatr Obes 2011;6(Suppl. 1):46–52.

[12] Ortega FB, Ruiz JR, Castillo MJ, et al. Physical fitness in childhood and
adolescence: a powerful marker of health. Int J Obes 2008;32:1–1.

[13] Moreno LA, Pigeot I, Ahrens W. Epidemiology of Obesity in
Children and Adolescents Prevalence and Etiology. New York: Springer;
2011.

[14] Sánchez-López M, Salcedo-Aguilar F, Solera-Martínez M, et al. Physical
activity and quality of life in schoolchildren aged 11-13 years of Cuenca,
Spain. Scand J Med Sci Sports 2009;19:879–84.

[15] Chaddock L, Hillman CH, Pontifex MB, et al. Childhood aerobic fitness
predicts cognitive performance one year later. J Sports Sci 2012;30:
421–30.

[16] Dobbins M, Husson H, DeCorby K, et al. School-based physical activity
programs for promoting physical activity and fitness in children and
adolescents aged 6 to 18. Cochrane Database Syst Rev 2013;28:
CD007651.

[17] Vasconcellos F, Seabra A, Katzmarzyk PT, et al. Physical activity in
overweight and obese adolescents: systematic review of the effects on
physical fitness components and cardiovascular risk factors. Sports Med
2014;44:1139–52.

[18] Álvarez-Bueno C, Pesce C, Cavero-Redondo I, et al. The effect of physical
activity interventions on children’s cognition, and metacognition: a
systematic review and meta-analysis. J Am Acad Child Adolesc
Psychiatry 2017;56:729–38.
8

and physical activity: a meta-analysis. Pediatrics 2017;140:6.
[20] Eddolls WT, McNarry MA, Stratton G, et al. High-intensity interval

training interventions in children and adolescents: a systematic review.
Sports Med 2017;47:2363–74.

[21] Corte de Araujo AC, Roschel H, Picanço AR, et al. Similar health benefits
of endurance and high-intensity interval training in obese children. PLoS
One 2012;7:e42747.

[22] Campbell MK, Elbourne DR, Altman DG. CONSORT statement:
extension to cluster randomised trials. BMJ 2004;328:702–8.

[23] World Health OrganizationGlobal Recommendations on Physical
Activity for Health. Geneva: World Health Organization; 2010.

[24] Pietrobelli A, Rubiano F, St-Onge MP, et al. New bioimpedance analysis
system: improved phenotyping with whole-body analysis. Eur J Clin
Nutr 2004;58:1479–84.

[25] El AssaadMA, Topouchian JA, Asmar RG. Evaluation of two devices for
selfmeasurement of blood pressure according to the international
protocol: the Omron M5-I and the Omron 705IT. Blood Press Monit
2003;8:127–33.

[26] Martinez-Vizcaino V,MartinezMS, Aguilar FS, et al. Validity of a single-
factor model underlying the metabolic syndrome in children: a
confirmatory factor analysis. Diabetes Care 2010;33:1370–2.

[27] Ortega FB, Cadenas-Sánchez C, Sánchez-Delgado G, et al. Systematic
review and proposal of a field-based physical fitness-test battery in
preschool children: the PREFIT battery. Sports Med 2015;45:533–55.

[28] Cadenas-Sanchez C, Martinez-Tellez B, Sanchez-Delgado G, et al.
Assessing physical fitness in preschool children: Feasibility, reliability and
practical recommendations for the PREFIT battery. J Sports Sci Med
2016;19:910–5.

[29] Leger LA, Mercier D, Gadoury C, et al. The multistage 20 metre shuttle
run test for aerobic fitness. J Sports Sci 1988;6:93–101.

[30] Research CoEoS. EUROFIT: Handbook for the EUROFIT Tests of
Physical Fitness. 2nd edStrasbourg: Committee of Experts on Sports
Research; 1993.

[31] Diamond A. Executive functions. Annu Rev Psychol 2013;64:
135–68.

[32] Weintraub S, Bauer PJ, Zelazo PD, et al. I. NIH Toolbox Cognition
Battery (CB): introduction and pediatric data. Monogr Soc Res Child
Dev 2013;78:1–5.

[33] Zelazo PD, Anderson JE, Richler J, et al. II. NIH Toolbox Cognition
Battery (CB): measuring executive function and attention. Monogr Soc
Res Child Dev 2013;78:16–33.

[34] Tulsky DS, Carlozzi NE, Chevalier N, et al. V. NIH toolbox cognition
battery (CB): measuring working memory. Monogr Soc Res Child Dev
2013;78:70–87.

[35] da Silva IC, van Hees VT, Ramires VV, et al. Physical activity levels in
three Brazilian birth cohorts as assessed with raw triaxial wrist
accelerometry. Int J Epidemiol 2014;43:1959–68.

[36] Owens JA, Spirito A, McGuinn M. The Children’s Sleep Habits
Questionnaire (CSHQ): psychometric properties of a survey instrument
for school-aged children. Sleep 2000;23:1043–51.

[37] Henderson SE, Sugden DA. Movement Assessment Battery for Children:
Manual. London, UK: Psychological Corporation; 1992.

[38] Lanfer A, Hebestreit A, Ahrens W, et al. Reproducibility of food
consumption frequencies derived from the Children’s Eating Habits
Questionnaire used in the IDEFICS study. Int J Obes 2011;35(Suppl. 1):
S61–8.

[39] Chilet-Rosell E, Alvarez-Dardet C, Domingo-Salvany A. Use of Spanish
proposals for measuring social class in health sciences. Gac Sanit
2012;26:566–9.

[40] Marshall WA, Tanner JM. Variations in the pattern of pubertal changes
in boys. Arch Dis Child 1970;45:13–23.

[41] Marshall WA, Tanner JM. Variations in pattern of pubertal changes in
girls. Arch Dis Child 1969;44:291–303.

[42] Pozuelo-Carrascosa DP, García-Hermoso A, Álvarez-Bueno C, et al.
Effectiveness of school-based physical activity programmes on cardiore-
spiratory fitness in children: a meta-analysis of randomised controlled
trials. Br J Sports Med 2018;52:1234–40.

[43] Donner A, Klar N. Design and Analysis of Cluster Randomization
Trials in Health Research. New York, NY: Oxford University Press;
2000.

[44] Verbeke G, Molenberghs G. Linear Mixed Models for Longitudinal
Data. New York, NY: Springer Science and Business Media; 2009.

[45] Ekelund U, Luan JA, Sherar LB, et al. Moderate to vigorous physical
activity and sedentary time and cardiometabolic risk factors in children
and adolescents. JAMA 2012;307:704–12.

http://www.who.int/gho/ncd/risk_factors/physical_activity_text/en/
http://www.who.int/gho/ncd/risk_factors/physical_activity_text/en/


[46] Martínez-Vizcaíno V, Sánchez-López M, Notario-Pacheco B, et al. [48] Stiegler P, Cunliffe A. The role of diet and exercise for the maintenance of

Martínez-Vizcaíno et al. Medicine (2019) 98:9 www.md-journal.com
Gender differences on effectiveness of a school-based physical activity
intervention for reducing cardiometabolic risk: a cluster randomized
trial. Int J Behav Nutr Phys Act 2014;11:154.

[47] Cesa CC, Sbruzzi G, Ribeiro RA, et al. Physical activity and
cardiovascular risk factors in children: meta-analysis of randomized
clinical trials. Prev Med 2014;69:54–62.
9

fatfree mass and resting metabolic rate during weight loss. Sports Med
2006;36:239–62.

[49] Martinez-Vizcaino V, Sanchez Lopez M, Moya Martinez P, et al.
Trends in excess weight and thinness among Spanish schoolchildren
in the period 2004: the Cuenca study. Public Health Nutr 2009;12:
1015–8.

http://www.md-journal.com

	MOVI-daFIT! Intervention
	Outline placeholder
	1 Introduction
	3 Methods
	3.5 Intervention
	3.5.2 MOVI-daFIT!: prescribed amount/intensity
	3.5.4 MOVI-daFIT!: monitoring and adherence


	4 Outcome measures
	4.1 Primary outcome
	4.2.1 Executive functions


	5 Data analysis and management
	5.2 Analyses of outcomes

	Author contributions

	References


