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Abstract: Introduction: The aim of the study was to compare the effects of ten-week multicomponent 
training with different exercise frequencies on body composition (BC) and physical fitness (PF) in 
overweight and obese young children. Methods: 40 children, aged 12-15 (14.77±1.49), were randomly 
selected and assigned to experimental groups to train three times/week (EG1) or two times/week (EG2) 
for 10 weeks and a CG group (no training program). Results: It was shown that experimental groups (EG1 
and EG2) improved similarly aerobic capacity (3.8% and 3.5%, respectively), muscular strength (29.7% 
and 25.2%), flexibility (6.1% and 9.9%), body mass index (5.0% and 4.6%), and body fat (6.4% and 
5.6%) from pre- to post-training. CG group showed no significant improvements on BC and PF variables. 
Conclusion: Short-term multicomponent training seems to be effective on PF improvements, independently 
of the exercise frequency, in overweight and obese young children. However, it seems to be more effective 
to perform a multicomponent exercise training three times/week to improve muscular strength, body mass 
index, and decrease body fat percentage. This knowledge should be considered by professionals in physical 
education or youth sport in order to adapt practical tasks depending on the training purposes.
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INTRODUCTION

Obesity is nowadays considered as a main public 
health problem worldwide and is therefore 
highly prioritized on the European public health 
(Bemelmans et al. 2014). The reasons associated 

to the increase of obesity prevalence are complex 
and predominately related with low levels of 
physical activity, unhealthy dietary habits, and 
sedentary lifestyles (Dooris et al. 2014, Golden and 
Earp 2012). On the contrary, physical fitness has 
been considered as a determinant factor of health 
status (Ortega et al. 2008, Smith et al. 2014), and 
as a main component for the preservation and 
enhancement of health and holistic development 
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during childhood (Marta 2012). Improving this 
parameter in children’ performance can bring 
significant benefits such as improvements on 
cardiorespiratory performance, cardiovascular 
health, total and abdominal adiposity, anxiety 
control, self-esteem, academic performance, and 
decreases on depression levels (Cepero et al. 2011, 
Kvaavik et al. 2009, Marta et al. 2012). Moreover, 
it has been reported the longevity of physical fitness 
levels from childhood to the adulthood (Eisenmann 
et al. 2005, Stratton et al. 2008).

Actually, children should benefit from the 
development of strength and cardiovascular 
parameters, being these two-important health-
related physical fitness components (Ortega et al. 
2008, Taanila et al. 2011). Earlier studies have 
shown the effectiveness of specific conditioning 
methods, as endurance training (Wong and Harber 
2006), strength training (Hendrickson et al. 2010, 
Kay and Fiatarone Singh 2006), and more recently 
concurrent training (Alves et al. 2016a, b, 2017) 
to improve body composition and physical fitness 
levels in childhood. In fact, abovementioned 
studies revolutionized and contradicted the initial 
ideas concerning to the effects of conditioning 
methods, as strength training could lead to injuries 
and influence the natural child growth (Faigenbaum 
et al. 1996), or even concurrent training may affect 
the development of muscle strength and/or power 
in young or elderly (García-Pallarés and Izquierdo 
2011, Izquierdo-Gabarren et al. 2010).

Numerous interventions have focused on 
improving dietary intake and increasing physical 
activity to reduce obesity in children (Chen et al. 
2006, Christodoulos et al. 2006). According to the 
best of our knowledge, there is no study related 
to the effects of different exercise frequencies 
in body composition and physical fitness levels 
in overweight and obese pubescent children. 
Therefore, the aim of the present study was to 
compare the effects of 10-week training periods with 
different frequencies on body composition (BC) 

and physical fitness (PF) in overweight and obese 
young school-aged children. We hypothesized 
that overweight and obese children would show 
increases in their physical fitness performances 
independently from the different exercise 
frequencies approaches. We also hypothesized that 
body mass index (BMI) and body fat percentage 
(BFP) would show improvements at performing 
multicomponent exercise training three times per 
week over a consecutive 10-week period instead 
of two times per week.

MATERIALS AND METHODS

SUBJECTS

The sample consisted of 40 pubescent children 
(girls and boys) from the school cluster Quinta das 
Palmeiras (Covilhã, Portugal), that were randomly 
assigned into different training programs. The body 
mass and body height were as follows: 69.13 ± 8.10 
kg, and 1.62 ± 0.08 m, respectively.

The inclusion criteria were pubescent children 
aged between 12 and 15 years old (aged 14.77th 
± 1.49 years) with chronic pediatric disease (>85 
percentile), and without a regular oriented extra-
curricular (i.e., practice in sports clubs). No subject 
had regularly participated in any form of training 
program prior to this experiment for the last 6 
months.

All participants and their parents/guardians 
were informed about study procedures as well as 
possible benefits and risks. The written informed 
consent was obtained from parents/ guardians of 
all participants. The study was approved by the 
Institutional Review Board of the University of 
Beira Interior and procedures were in accordance 
with the latest version of the Declaration of Helsinki.

SAMPLE PROCEDURES

Forty pubescent children recruited from a 
Portuguese public high school were randomly 
assigned to two experimental groups and one 
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control group. One experimental group (EG2) 
performed 10-week period of training twice a week, 
the other experimental group (EG1) performed 
10-week period of training three times per week. 
The control group (CG) followed the physical 
education class curriculum and did not have a 
specific training program. Throughout the pre- and 
experimental periods, the subjects reported their 
non-involvement in additional regular exercise 
programs for developing or maintaining strength 
and endurance performance besides institutional 
regular physical education classes.

TRAINING PROCEDURES

The training program was performed during ten 
weeks on the same day of the week and on the same 
morning hour for EG1 (Monday, Wednesday and 
Friday) and EG2 (Monday, Wednesday) groups. The 
training program was implemented additionally to 
physical education classes and composed moderate 
to vigorous intensities (ACSM 2017) highlighted 
aerobic, strength and flexibility exercises.

Prior to the training, the subjects warmed up 
for approximately 5 min with low to moderate 
intensity exercises (e.g., running, sprints, joint 
specific warm-up). At the end of the training 
sessions, all subjects performed 5 min of static 
stretching exercises such as kneeling lunges, ankle 
over knee, rotation and hamstrings. After the 
warm-up period, training groups were submitted 
to aerobic exercises (e.g., team sports, ski, hiking, 
cycling, aquatic exercises) or combined aerobic 
and strength training (40 min of aerobic exercises 
and 10 minutes of strength exercises). The aerobic 
tasks were developed based on an individual 
training volume that was set to approximately 75% 
of the established maximal oxygen consumption 
(VO2max) achieved on a previous test. After 4 
weeks of training, the experimental groups were 
reassessed using 20-m shuttle run test to readjust the 

volume. Each training session lasted approximately 
60 minutes.

Before the start of the training, subjects 
completed two familiarization sessions to practice 
the routines they would further perform during the 
training period (e.g., 20-m shuttle run test). During 
this time, the children were taught about the proper 
technique on each training exercise, and any of 
their questions were properly answered to clear 
out any doubts. During the training program there 
was a constant concern to ensure the necessary 
security and maintenance of safe hydration levels, 
as well as to encourage all children to do their best 
to achieve the best results. Clear instructions about 
the importance of adequate nutrition were also 
delivered. The resources used in physical education 
classes were a gymnasium, sports hall and snow 
equipment’s. A more detailed analysis of the 
program can be found in Table I.

The experimental groups were assessed for 
aerobic capacity (20-m shuttle run test), muscular 
strength (curl-ups and push-ups tests) and flexibility 
(back saver sit and reach test) before and after the 
10-weeks of training program. The same researcher 
performed data collection, anthropometric and 
physical fitness assessments, and training program.

This study was integrated in Pró-Lúdico: Mais 
e Melhor Saúde (More and Better Health), is a 
part of a program to promote healthy living habits, 
which aims to involve children in fun and dynamic 
activities, providing interactions on emotional, 
intellectual, physical, and social parameters to 
promote a healthy lifestyle starting in childhood to 
adulthood.

TESTING PROCEDURES

Anthropometric Measurements. All anthropometric 
measurements were assessed according to 
international standards for anthropometric 
assessment (Marfell-Jones et al. 2006) and were 
obtained prior to any physical performance test. 
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To evaluate body height (cm), a Stadiometer 
(Seca, model 264, Germany) was used. Body 
mass (kg) was measured to the nearest ± 0,1kg 
using a standard digital floor scale (Soehnle Model 
L63747, Germany). Subjects were barefoot and 
wore only underwear. The body mass index (BMI) 
was calculated by a standard formula = weight (kg)/ 
[height (m)²] and associated to a percentile. Thus, 
children with percentile equal or higher than 85 were 
classified as pre-obese children and for percentile 
equal or higher than 95 were characterized as obese 
children. To determine body fat percentage (BFP) 
it was used a standard formula: BFP = 1.2 (BMI) 
+ 0.23 (age) - 10.8 (gender) - 5.4 (where gender = 
‘1’ for men and ‘0’ for women). The National Health 
and Nutrition Examination Survey (Nhanes 2007) 
were used to assess the health and nutritional status 
of pubescent children.

To measure physical fitness components 
(cardiovascular fitness, muscular strength, muscle 
endurance, and flexibility), four tests of the 
FITNESSGRAM® battery test were used. The 
selection of the tests was based on a scientific, 
as well as the validity and reliability in young 
population (Ortega et al. 2008, Castro-Piñero et al. 
2010). The testing procedures were based by Welk 
and Meredith (2008).

20m Shuttle Run Test

Participants run back and forth between two lines 
set 20 m apart. Running pace was gave by audio 
signals, produced from a CD. The initial speed was 
8.5 km/h, increasing by 0.5 km/h every minute. 
Participants were instructed to run in a straight 
line, to pivot upon completing a shuttle and to pace 
themselves in accordance with the time intervals. 
The test was ended when the adolescent failed to 
reach the end lines concurrent with the audio signals 
on two consecutive occasions. Else, the test finishes 
when the adolescent stops because of fatigue. The 

final score was calculated as the number of stages 
completed (precision of 0.5 stages).

Curl-up test

Participants curl up and slide fingers to other edge 
of strip in rhythm with CD. Participants were 
instructed to lie on back with legs bent, arms straight, 
flat on mat, fingers stretched out and touching the 
closest edge of measuring strip. Participants curl 
up and slide fingers to other edge of strip in rhythm 
with CD, keeping heels on the floor. Back of head 
should touch the mat on each repetition. Continue 
assessment until second correction or complete 75 
curl-ups.

Push-up test

Participants had to keep their body straight, 
performed with a minimum angle of 90 ̊ at the 
elbow before returning to the arms fully extended 
position. The number of push-ups to failure was 
recorded. Males executed the push- ups on the 
hands and toes while females executed the push-
ups on the hands and knees.

Back Saver Sit-and-Reach

The test was administered using an Accuflex 
I Flexibility Tester as described by Paterson 
(Patterson et al. 1996). The participant sat at the 
SR box and fully extended one leg so that the sole 
of the foot was flat against the end of the box. The 
participant leaned over the other leg so that the sole 
of the foot was flat on the floor and 5 cm to the 
side of the straight knee. The participant extended 
the arms forward, putting one hand on top of the 
other. With palms down, the participant reached 
forward over the measuring scale as far as possible 
without bending the knee of the extended leg. Four 
trials were taken for each leg sides. The four trials 
averages on each side were used for analyses.
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STATISTICAL ANALYSIS

Statistical analyses were performed using Statistical 
Package for Social Sciences (SPSS) v24.0® for 
Windows and statistical significance was set at 
p≤ 0.05. Standard statistical methods were used 
to calculate the means and standard deviations to 
describe the data. A two-way mixed ANOVA was 
performed to analyze if there is influence of different 
groups after 10 weeks of training on variables 
physical fitness and body composition variables. 
The independent variables in the experimental 
design were groups and evaluation moments. From 
the two-way mixed ANOVA, it was also possible to 
analyze the effect size (Partial Eta squared) of the 
independent variables on the anthropometric and 
physical performance variables. To interpreting 
effect size, the cut-offs were based in the Cohen’s 
study (1988).

RESULTS

It was observed no interaction effect between 
factors (group and momentum) with any significant 
differences in all tested variables (Table II). 
However, when analyzed the effect of factors 
separately, it was reported significant differences. 
Regarding to the momentum factor (pre-post 
training), only curl-up and BMI variables showed 
a small effect size with significant differences (F 
(2,37) = 4.73, p=0.036; ƞ2= 0.113; F (1,37) = 8.145, 
p=0.007; ƞ2= 0.180, respectively). Through the 
post hoc tests, it was observed an improvement on 
both variables (Curl-up and BMI) after a 10-week 
training. Although the remaining variables did not 
present significant differences, it was identified 
that both experimental groups improved similarly 
after 10-weeks training (Table III). CG group 
presented no significant improvements on body 
composition, neither on physical fitness variables 
(Table III). Concerning to the group factor, it was 
only found significant differences on the curl-up 
variable with medium effect size (F (2,37) = 6.516, 

p=0.004; ƞ2= 0.260), where the EG1 showed better 
results compared to the EG2 and CG groups (Table 
II). These results corroborate the hypothesis that 
overweight and obese children can increase their 
physical fitness performances independently from 
the different exercise frequencies approaches, and 
the hypothesis that would be obtained better results 
on body composition and body fat percentage 
performing multicomponent training 3 times/week 
over a consecutive 10-week period.

DISCUSSION

Literature agrees that low- to moderate-intensity 
resistance should be conducted 2–3 times/week on 
non-consecutive days (Behm et al. 2017, Hass et al. 
2001) but several studies had been focused in one 
frequency, did not compared different frequencies 
(Alves et al. 2017, Greening et al. 2011). To the best 
of our knowledge, there is a lack of evidences about 
the effects of different training program frequencies 

TABLE II
Two-way mixed ANOVA analysis.

G Pre-Post G * Pre-
Post

VO2max
p=0.398

Eta=0.049
p=0.051

Eta=0.099
p=0.284

Eta=0.066

Sit and Reach Left
p=0.338

Eta=0.057
p=0.412

Eta=0.018
p=0.641

Eta=0.024

Sit and Reach 
Right

p=0.229
Eta=0.077

p=0.357
Eta=0.023

p=0.589
Eta=0.028

Curl - ups
p=0.004

Eta=0.260
p=0.036

Eta=0.113
p=0.256

Eta=0.071

Push - ups
p=0.719

Eta=0.018
p=0.169

Eta=0.050
p=0.668

Eta=0.022

BMI
p=0.586

Eta=0.029
p=0.007

Eta=0.180
p=0.081

Eta=0.127

BF
p=0.567

Eta= 0.030
p=0.281

Eta=0.031
p=0.675

Eta=0.021

VO2max: maximal oxygen consumption; Sit and Reach Left: 
back saver sit-and-reach left; Sit and Reach Right: back saver 
sit-and-reach right; BMI: body mass index; BF: body fat 
percentage; G: group factor; Pre-Post: momentum factor; G * 
Factor: interaction between factors.
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TABLE III
Descriptive Statistics from Two-way mixed ANOVA.

Pre-training Post-training

VO2max
EG1 39.19 ± 3.55 40.66 ± 4.03
EG2 38.36 ± 2.13 39.70 ± 3.08
CG 37.89 ± 4.76 37.94 ± 4.97

Sit and Reach Left
EG1 24.60 ± 5.73 26.10 ± 4.82
EG2 22.10 ± 7.14 24.30 ± 6.00
CG 21.50 ± 9.89 21.05 ± 9.57

Sit and Reach Right
EG1 25.50 ± 4.91 26.60 ± 4.55
EG2 21.30 ± 6.18 23.70 ± 5.69
CG 21.50 ± 9.51 21.20 ± 9.45

Curl - ups
EG1 44.40 ± 17.51 57.60 ± 18.84
EG2 26.20 ± 13.05 32.80 ± 12.54
CG 28.60 ± 18.63 28.90 ± 17.81

Push - ups
EG1 8.40 ± 5.93 11.00 ± 5.33
EG2 8.70 ± 4.64 10.50 ± 3.66
CG 11.15 ± 9.65 11.50 ± 8.31

BMI
EG1 26.84 ± 3.56 25.49 ± 3.26
EG2 26.07 ± 1.74 24.87 ± 2.03
CG 26.06 ± 1.45 26.01 ± 1.45

BF
EG1 28.04 ± 5.35 26.24 ± 4.97
EG2 25.96 ± 6.29 24.51 ± 6.08
CG 26.09 ± 5.06 26.02 ± 5.06

VO2max: maximal oxygen consumption; Sit and Reach Left: back saver sit-and-reach left; Sit and Reach Right: back saver sit-and-
reach right; BMI: body mass index; BF: body fat percentage; EG1: group that performed 10-week training three times/week; EG2: 
group that performed 10-week training two times/week; CG: no training program.

on overweight and obese children. Therefore, 
the aim of the current study was to compare the 
effects of 10-week multicomponent training with 
different frequencies on body composition (BC) and 
physical fitness (PF) in overweight and obese young 
school-aged children. The main results confirmed 
that a multicomponent training program provide 
similarly improvements on BC and PF variables in 
group which performed three and also two times/
week. However, significant differences were only 
observed in muscular strength and body composition 
variables. Through the analysis between groups, 
it was reported better results on group which 
performed three times per week. Moreover, no 
differences were found in post-training in the CG 

group in any variable related to body composition 
or physical fitness. The current data may have a 
significant importance to optimize training methods 
in overweight and obese children. Our results are 
consistent with results of previous studies (Greening 
et al. 2011, Vanhelst et al. 2011), that showed better 
results on physical fitness values and decreases on 
body composition values in experimental group 
constituted by obese students (9months physical 
activity program, 2 sessions/week), or even was 
observed significant differences on body mass 
index (BMI), with decreases in experimental group 
and increases in control group, after a 12 months 
long physical activity program. The results of the 
current study are also congruent with results of a 
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previous study (Alves et al. 2017) in this area which 
were showed significantly decreases on body fat 
percentage in experimental group constituted by 
prepubescent girls (8-week concurrent training, 
2 sessions/week). Dorgo et al. (2009) verified the 
effectiveness of different physical training programs 
on physical fitness levels, however did not observed 
differences on body composition values. It was 
observed improvement of flexibility in both training 
groups but, even though it was not significant 
differences, the higher results were observed in 
experimental group which performed two times 
per week compared to three times per week (sit and 
reach left: 9.95% and 6.09%, respectively; sit and 
reach right: 11.27 and 4.31%, respectively). These 
results are consensual with Tokmakidis’ study 
(2006) which suggests that high flexibility values are 
positively associated to obese children. According 
to our results, a short-term multicomponent training 
is important to improve physical fitness levels 
and body composition parameters in overweight 
and obese young school-aged children. Moreover, 
performing three times per week is more effective 
and useful do improve muscular strength and 
body composition when properly prescribed and 
supervised. Thus, this evidence highlights the 
importance of training design in optimizing school-
based fat loss exercise programmes in childhood. 
There are some main limitations of present 
study: (i) the small size of the sample; (ii) there 
as discrepancy in the range of ages; (iii) nutrition 
parameters were not evaluated, which should be 
considered in future studies; (iv) the training-period 
of 10 weeks was quite short. This study supports 
the future research in this area, providing positive 
results on body composition and physical fitness 
components in overweight and obese children 
through the application of multicomponent training 
with different exercise frequencies. Thereupon, this 
innovative and safe methodology provides a new 
path to reduce the monotony of training or classes 
and to prepare the individual for a healthy future. 

This knowledge could provide useful tools for 
professionals to develop efficient training programs 
but should be also considered in physical education 
or youth sport in order to adapt practical tasks 
depending on the training purposes. Nevertheless, 
we should be cautious, being aware that further 
research is needed in this matter.
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