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The purpose of the present study was to evaluate the effects of an EXG on the variability of the
heart rate (HRV) in young people. The participants were divided into two groups: Exergame
Group (GE) and Control Group (GC). Initially, anthropometric assessments were performed and
to analyze the physical activity's level the International Physical Activity Questionnaire (IPAQ)
short version was used. The HRV was recorded through the Polar V800® heart rate monitors in
both groups in two moments, before and after 11 weeks and the data was transferred to the

Kubios® software for analysis. The EXG training program lasted 11 weeks, with 3 weekly
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sessions of 30 minutes, using a dance game from Xbox 360 Kinect®. There was astatistically
significant (p <0.05) increase in the GE in the following HRV indices between the pre and post
measures. Root mean square of successive differences between the normal adjacent RR intervals

(rMSSD): 21.77 + 7.6 ms and 27.84 + 4.04 ms; percentage of adjacent intervals with more than
50ms (pNN50%): 3.57 + 3.34 and 7.52 + 3.98, and high frequency band (HF): 185.58 + 72.46
and 322.08 + 13.76ms. There was in CG no statistically significant difference in any of the
variables studied. The EXG 11 weeks training was able to determine the improvement in HRV
behavior with increased parasympathetic activity.
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INTRODUCTION

In public health it is recorded that cardiovascular diseases are
the main causes of death worldwide, especially in large urban
centers populations (Simadet al., 2013). Among its modifiable
risk factors are sedentary lifestyle and obesity (Smeltzer and
Bare, 2006). In 1999, the American Heart Association already
included sedentarism as one of the major cardiovascular risk
factors (Grundy et al, 1999). Although chronic degenerative
diseases appear in adult life, the onset of the process occurs in
earlier stages of life, such as in childhood, adolescence and
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youth, precisely when preventive measures should be initiated
(Moura et al., 2018). One of the main factors related to the
sedentary lifestyle is the increasing involvement of the
population with passive leisure activities, such as watching
television, using a computer, making use of electronic games,
which, in a sense, are associated with inadequate diet and
overweight (Eisenmann et al., 2005). Regular physical activity
has an inverse relationship to the risk of chronic non-
communicable diseases, such as atherosclerotic vascular
diseases and has a positive effect on quality of life and other
psychological variables (CDC, 1999). In addition, it helps
weight control, especially if it is associated with dietary
measures, which also contributes to cardiovascular risk
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reduction (Shoji and Forjas, 2000) and improves cardiac
autonomic modulation (Nakamura et al., 2013, Sloan et al.,
2009). One type of physical activity that has been widely
studied in health promotion is interactive video games or
exergames (EXG) (Rei, 2017). Conventional physical
activities, such as collective sports are more tedious and virtual
reality proposes a new interactive and contemporary way of
encouraging and facilitating the engagement of children and
young people to a healthy modification in their lifestyle (Ilha
and Bernardi, 2011). This activity allows a direct connection
of the individual with a virtual environment, being the player's
body movements captured by the computer and mixing the
virtual environment with physical exercise (Belmiro, Preto and
Vinicius, 2011). In Xbox360® this interaction takes place by
the device Kinect® that captures the free movements of the
player which are the input data for the interaction with the
electronic game. As previously demonstrated in the literature,
EXG is considered a moderate-intensity physical activity
(Hiraga, Tonello and Pellegrini, 2017).

Some games involving dance, such as Just Dance® and Dance
Central® have also been tested demonstrating moderate-
intensity levels of physical activity (Smallwood et al., 2014).
One of the indicators of health and physical condition is heart
rate variability (HRV) (Buchheit and Gindre, 2006). The HRV
describes the oscillations of the intervals between normal
consecutive heart beats (RR intervals), which are related to
autonomic nervous system influences on the sinus node, being
a noninvasive measure that can be used to identify phenomena
related to the autonomic nervous system in healthy individuals,
athletes and those who have some pathology. Changes in HRV
patterns provide a sensitive and anticipated indicator of health
impairment (Silva Neto, 2017, Vanderlei et al., 2009). There
are some ways to measure HRV, such as the electrocardiogram
and heart rate measurements. Polar® presents good accuracy
when compared to the ambulatory electrocardiogram, such
results were observed in studies comparing the data obtained
by the electrocardiogram and Polar S810, in exercise and rest
situations 18. The Polar V800® also showed a high correlation
of its records with data obtained through electrocardiogram
(Giles, Drapper and Neil, 2016).

MATERIALS AND METHODS

This was an interventional, prospective, comparative and
quantitative study. The data were collected in the
physiotherapy clinic of a University Center in Brazil. The
study was approved in the system CONEP / CEP n° 1470601.
The study was conducted with a non-probabilistic sampling of
convenience and the participants were chosen through
invitations in the classroom that explained what the study was
about. Twenty individuals, aged 18 to 28 years, enrolled in
night courses at the University Center, were divided into two
groups, exergames group (EG) and control group (CG), both
with 10 participants. The sample split followed the criteria of
availability to participate in the training phase and GC
maintained their usual activities over the 11-week period.
Inclusion criteria: university students of both sexes, age range
from 18 to 35 years old, without reporting of preexisting
diseases or use of medication routinely and signing of the free
and informed consent term. The following exclusion criteria
were: do not go in the initial evaluation; report of current
treatment for some specific pathology; to miss three
consecutive sessions; disease that requires medical leave. All

volunteers were informed about the research protocol and after
signing the free informed consent they were submitted to the
following procedures:

Experimental procedure

e Anamnesis;

e Interview filling the short version of the International
Questionnaire of Physical Activity (IPAQ), short version
to evaluate the level of physical activity of each
participant;

e Participants were assessed between 08:00 and 11:00 am to
a room with controlled temperature (23 ° C). After 15
minutes of rest in the supine position, cardiac beats were
recorded for 10 min in the supine position using the Polar
V800® (Polar Electro Oy Inc., Kempele, Finland) The
cardiofrequentiometer was positioned over the precordial
region. Anthropometric data were recorded for the
calculation of Body Mass Index (BMI);

e  Then the CG participants were instructed to maintain their
usual activities while GE subjects were submitted for 11
weeks to EXG sessions at the Physiotherapy Clinic,
supervised by the researcher. The duration of each session
was 30 minutes, 3 times a week. We use the Xbox360®
videogame with Kinect® accessory. Just Dance3® was
the game used in this protocol. This is a dance video
game, where the player imitates the proposed
choreography, not obeying a formal pattern of movements
and without systematic progression of intensity, and is
thus classified as unstructured physical activity (Brito-
Gomes et al, 2015). After 11 weeks the participants of
both the CG and the participants of the EG were
reassessed by collecting the same pre-training measures
and then the results were compared.

The VFC data were transferred via the signal interface to a
computer via the Polar Flowsync ® program and then the data
was exported to Kubios HRV version 3.0 software (The
Biomedical Signal and Medical Imaging Analysis Group,
Department of Applied Physics, University of Kuopio,
Finland) for analysis of HRV data as described in previous
studies (Aeschbacheret al., 2016, Anarumaet al., 2016). The
results of the HRV data were analyzed using a linear time
domain method, thus obtaining the mean RR intervals,
standard deviation of all RR intervals (SDNN), square root of
the square mean of the differences between the intervals
Adjacent normal RRs (rMSSD) and percentage of adjacent
intervals greater than 50ms (PNN50) (Anaruma et al., 2016).
In order to evaluate HRV in the frequency domain, the
parameters were obtained by the HRV spectral analysis
technique. Stationary periods of the tachogram, with at least 5
minutes, were decomposed into the low frequency and high
frequency bands (AF) by the transformed Fourier method
(FT). The frequencies between 0.04 and 0.4Hz were
considered as physiologically significant, the low frequency
component being represented by oscillations between 0.04 and
0.15Hz and the AF component between 0.15 and 0.4Hz22. The
data were analyzed in a comparative way. The Statistical
Package for the Social Sciences was used to verify the efficacy
of the proposed protocol pre and post-experiment. In the intra-
group analysis, in the pre and post-experiment situations, the
Wilcoxon test was used accepting the level of significance of
0.05. In order to verify the existence or not of statistically
significant differences between the 2 groups, the Mann-
Whitney U test was used to obtain the values.
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RESULTS

The GE had 10 participants, nine women and one man, of
these 50% were active or very active and 50% insufficiently
active by the IPAQ. The CG also had 10 individuals, seven
women and three men, in relation to the IPAQ, 70% of them
were active and 30% were insufficiently active or sedentary,
according to Figures 1 and 2 below:

relation to the initial measurements. The Mann-Whitney U test
was applied to the values obtained in the variables analyzed in
order to verify the existence or not of statistically significant
differences between the results obtained by the students of the
two groups after 11 weeks. The level of significance was set at
0.05 in a bilateral test. After the 11 weeks the statistically
significant differences disappeared between the groups,
according to Table 4.

Table 1. Correlation between the HRYV values obtained from the participants in the two groups, in the variables analyzed,
before the experiment

Group control

Group exergame

Analyzed Variables Averages+ Standard deviation Averages + Standard deviation P value
Age 21 a 7meses+ 3 a 8m 20a5m+la2m 0,3007
IMC 21,02 +3,57 26,30 + 6,34 0,0284*
SDNN (ms) 41,30+ 11,99 31,10 + 7,60 0,0494*
rMSSD (ms) 27,52 5,02 21,77 +5,09 0,0126*
pNNS50 (%) 7,02 +3,18 3,57+334 0,0191*
LF 298,13 + 178,77 352,36 + 308,74 1,0000
HF 279,43 + 140,54 185,58 + 72,46 0,0963
LF/HF (ms2) 1,64 +2,07 1,71 £ 0,84 0,1306
*p<0,05

Table 2. Comparison of HRYV indices of GC at baseline and after 11 weeks

Analyzed Variables Group Group P value
GC pré GC pos

SDNN (ms) 41,30+£11,99 40,74 £ 15,48 0,5147
rMSSD (ms) 27,52 +£5,02 25,98 +£3,15 0,5147
pNNS50 (%) 7,02 +3,18 527+2.93 0,3139
LF 298,13 £178,77 319,39 £275,22 0,7989
HF 279,43 + 140,54 290,07 + 134,00 0,8785
LF/HF (ms2) 1,64 +2,07 3,22 +6,97 0,8385
*p<0,05

Table 3. Comparison of the HRYV indices of the EG before and after 11 weeks

Analyzed Variables Group Group P value
GE Pr¢ GE Poés
SDNN (ms) 31,10+ 7,60 40,50 + 16,22 0,1688
rMSSD (ms) 21,77 +5,09 27,84 +£4,04 0,0051*
PpNNS50 (%) 3,57+3,34 7,52 +3,98 0,0125%*
LF 352,36 + 308,74 362,64 + 123,24 0,3863
HF 185,58 72,46 322,08 + 133,76 0,0469*
LF/HF (ms2) 1,71 +£0,84 1,30 + 0,73 0,3329
*p<0,05

Regarding age, BMI and heart rate variability indexes, Table 1
shows through means and standard deviation the initial
differences between the two groups. In order to verify the
existence of statistically significant differences between the
groups, the Mann-Whitney U test was applied to the values
obtained. Comparing the two groups in the initial phase, the
results demonstrated in table 1, showed that there were
statistically significant differences of the variables: BMI,
SDNN (ms), RMSSD (ms), pNN50 (%), noting that the BMI
of GE was higher than the CG. As for the other 3 variables, the
results obtained with GC were higher than those obtained with
GC. To verify whether or not statistically significant
differences between the results obtained by young GC as well
as the young of GE in the pre and post-experiment, the
Wilcoxon test was applied to the values in the variables
analyzed. The level of significance was set at 0.05 in a
bilateral test. The results are shown in Table 2 and Table 3, GC
and GE, respectively. When we analyzed the GC in the pre and
post-experiment situations, we did not notice a statistically
significant difference in any of the analyzed variables. When
analyzing the GE, we noticed that there was a significant
difference in the variables: rtMSSD, pNN50% and AF, in

This probably occurred due to the improvement of the EG in
relation to the initial HRV indexes, as demonstrated previously
in Table 3.

DISCUSSION

The present study demonstrated a significant improvement in
the HRV patterns before and after a training program (EG).
This suggests a significant benefit of EXG as a modality of
physical activity after an 11-week training on cardiovascular
health. Physical exercise is one of the pillars of a healthy
lifestyle and its benefits are widely accepted in public health as
a method of health promotion (Siméao ef al., 2013, Sloan, 2009,
CDC 1999). Several societies recommend that individuals
perform physical exercises on most days of the week with
moderate to vigorous intensity (Goff et al., 2014, Simio et al.,
2013, Almeida and Aratjo, 2003). However, its
cardioprotective mechanisms are still unclear, one of the
mechanisms proposed for this benefit being the positive effects
on autonomic cardiac modulation (Sloan, 2009, Almeida and
Aratjo, 2003). In this study, the influence of a training using
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EXG was evaluated as an alternative practice of physical
activity, on the autonomic cardiac modulation measured by
heart rate variability. Although studies evaluating exergames
as physical exercise (Lin, 2015, Brito-Gomes, 2015, Trout and
Zamora, 2008) and others in which HRV was evaluated and its
relationship with physical activity or sedentary lifestyle
(Aeschbacher et al., 2016, Kawaguchi et al., 2007), no studies
were found in the literature consulted (LILACS, PubMed /
Medline, SciELO, EBSCO) who evaluated the effects of a
training with EXG on HRV. For the division of the
participants in CG and GE, the convenience criteria was used,
and the EG was composed of individuals who showed
willingness to participate in the sessions on a regular basis
(Ochoa, 2015). Due to the fact that age, physical activity level
and BMI influenced HRV, the samples were characterized to
verify the influence of these data on cardiac autonomic
modulation (Aeschbacher et al., 2016, Trevizani, Benchimol-
Barbosa and Nadal, 2012, Buchheit and Gindre, 2006,
Paschoal et al., 2006). Short IPAQ was used to evaluate the
level of physical activity of the participants, a tool proposed by
the WHO since 1998, tested and validated for the Brazilian
population (Matsudo et al., 2012). We found 50% of sedentary
or insufficiently active individuals in the SG and in the control
GC only 30% of the individuals were in this condition of
inactivity. Regarding the BMI, the SG values were
significantly higher than in the CG.

Aeschbacher et al., (2016) studying young adults showed that
a healthy lifestyle, such as regular practice of moderate or
vigorous physical activity and BMI less than 25, had a positive
impact on cardiovascular autonomic function. Sloan et al.,
(2009) evaluated a group of 149 young / adult individuals (58
males and 91 females), aged between 18 and 45 years,
randomly divided into 2 groups according to the planned
physical exercise (aerobic training or training of resistance),
which were performed for 12 weeks 3 to 4 times a week, and
HRV measurements were taken before and after the training
program. These authors also concluded in their study that
physical conditioning influences HRV and provides
cardiovascular health benefit, although this effect was noted
only in the male group, however, the women had better HRV
pre-study values than the male group, besides a possible
female hormonal interference in this result. In the Kawaguchi
(2007) study, it was also demonstrated that HRV values were
significantly higher in sedentary individuals in their sample of
20 subjects (10 sedentary and 10 athletes). Thus, the
significant differences in the HRV indices between the EG and
CG in the first measurements are explained by the literature,
with better levels in the control group in which 70% of the
individuals were active and with a lower BMI. As an exercise
protocol, EXG was used and this activity was chosen due to
the increasing use of virtual reality and the motivational
impact of these games in the practice of physical activity, as
demonstrated by Pereira (2016), who evaluated through a
qualitative-quantitative research, a group of 18 university
students (14 women and 4 men). The IPAQ was applied to
characterize the level of physical activity and to evaluate the
motivational impact used a specific questionnaire (mood
profile), before and after 4 weeks of training with EXG.
Regarding the training protocol with EXG, some studies that
used Just Dance in their protocol, submitted their volunteers to
a training program of 4 to 12 weeks. Staiano et al., (2016)
studied 37 girls from 14 to 18 years old with 3 weekly training
sessions of 60 minutes; Pereira et al., (2016) evaluated 18
volunteers (14 women and 4 men) training them for 4 weeks

with 2 weekly training sessions of 40 minutes, one of which
was Just Dance; Trout and Zamora (2008) trained 26
individuals of both sexes for 8 weeks with 3 weekly sessions
of 20 minutes. In our study we used 11 weeks with 3 weekly
sessions of 30 minutes.

In relation to the physical conditioning potential, Brito-Gomes
et al., (2015) carried out a study in which the subjects of the
EXG group trained during 6 weeks, 3 weekly sessions of 30
minutes with improvement of the physical capacity in relation
to the control. The intensity, based on the American College of
Sport Medicine (ACSM), was classified as moderate, that is,
reaching 40% to 60% of the RRF or 3 to 6 METs, as
demonstrated in the study by Barry et al., (2016) and in a
published meta-analysis by Peng, Lin and Crouse (2011).
Many works also used, among the EXG, dance games such as
Dance Dance Revolution® and Just Dance (Staianoet al.,
2016, Lin, 2015, Peng, Lin and Crouse, 2011, Trout and
Zamora, 2008). They demonstrated that in these games,
participants would reach levels of a physical activity classified
as moderate as demonstrated in other modalities of EXG. For
the analysis of the impact of these games in the autonomic
modulation, HRV indices measured using linear methods were
used in both domains, time and frequency (Alves, 2015, Task
Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology, 1996).
After 11 weeks there was no significant difference in the pre
and post measures in the CG. In GE, we noticed improvements
in the AF, pNN50% and rMSSD variables, reflecting
improvement in parasympathetic activation. Since this
difference in the HRV of the GE is justified by a probable
improvement in the physical conditioning of this group, which
at the beginning of the study presented results statistically
inferior to the GC. With the improvement in the HRV indexes
of the GE, in this second moment of measurements, the
differences between the two groups disappeared. Better AF
and rMSSD values were seen in several studies comparing
sedentary individuals with active (Buchheit and Gindre, 2006,
Jurcaet al., 2004, Sala et al., 2015) as well as after protocol
using physical exercises. Grant et al, (2012), studying
youngsters trained for 12 weeks through medium to high
intensity physical activity, showed a statistically significant
increase in parasympathetic indices, including those used in
our study as rMSSD and pNN50 in the domain of the time and
AF in the frequency domain. This study had a small group of
participants, so there was no separation by sex. The groups
were not homogeneous in relation to the level of initial
physical activity, which may have limited the analysis of the
results. New studies can be proposed by evaluating the
difference between sexes and also between groups with the
same level of initial physical activity. There is still a need for
advances in this field to improve the application of EXG as an
alternative practice of physical activity. Considering the
encouragement of the National Policy for Health Promotion to
corporal practices / physical activity, playful practices, aimed
at the whole population and especially for university students,
it is believed that the EXGs program can contribute positively
to the overall health of this group. The protocol of 11 weeks of
training showed positive results with improvement in HRV
indices that demonstrate parasympathetic influence, which
may reflect benefits to cardiovascular health.
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