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Abstract

Objective: To verify the effects of physical exercise using a gamified exergame on pulmonary function
and cardiorespiratory fitness of adolescents with overweight in their school environment. Methods: This
controlled clinical trial was conducted in two schools. Adolescents aged 10-16 years with overweight or
obesity were eligible. Control group received physical education classes and orientations provided by school.
Intervention group performed physical exercise using the exergame associated with gamification in school,
with four adolescents per group, three times per week during eight consecutive weeks. For gamification, the
performance was scored every week, generating a weekly classification and a final at the end of the study.
Cardiorespiratory fitness was assessed indirectly using the maximal oxygen consumption (VO,max) from
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the 20-meter shulttle run test. Pulmonary function was assessed using manovacuometry and spirometry.
Results: Intervention and control groups were composed of 36 and 27 adolescents, respectively. Adolescents
that performed the exergame presented lower forced vital capacity (FVC) and forced expiratory volume
in the first second (FEV,)and higher FEV1/FVC ratio than the control group. Intervention group increased
FEV, (p=0.041)and maximal expiratory pressure (PEmax) (p = 0.009), decreased body mass index (BMl)
(p < 0.001), and improved VO,max (p = 0.007), compared to baseline. Control group increased FEV,
(p=10.021), FVC (p = 0.014), and FEV./FVC ratio (p = 0.033) and decreased BMI (p < 0.001), compared
to baseline. Conclusion: Exergame improved pulmonary function, and intragroup analysis showed the
gamified exergame improved pulmonary function, nutritional status, and cardiorespiratory fitness.

Keywords: Adolescent; overweight; pediatric obesity; respiratory function test; cardiorespiratory fitness.

Resumo

Objetivo: Verificar os efeitos do exercicio fisico por meio de exergame gamificado na fungao pulmonar
e na aptidao cardiorrespiratoria de adolescentes com excesso de peso em seu ambiente escolar.
Meétodos: Este ensaio clinico controlado foi realizado em duas escolas. Foram elegiveis adolescentes
de 10 a 16 anos com sobrepeso ou obesidade. O grupo controle recebeu aulas de educagao fisica e
orientagdes fornecidas pela escola. O grupo intervengao realizou exercicios fisicos utilizando o exergame
associado a gamificagao na escola, com quatro adolescentes por grupo, trés vezes por semana durante
oito semanas consecutivas. Para a gamificagdo, o desempenho foi pontuado semanalmente, gerando
uma classificacdo semanal e uma final ao final do estudo. A aptidao cardiorrespiratéria foi avaliada
indiretamente por meio do consumo maximo de oxigénio (VO2max) do teste shuttle run de 20 metros.
A funcao pulmonar foi avaliada por meio de manovacuometria e espirometria. Resultados: Os grupos
intervencgao e controle foram compostos por 36 e 27 adolescentes, respectivamente. Os adolescentes
que realizaram o exergame apresentaram menor capacidade vital forcada (CVF) e volume expiratério
forcado no primeiro segundo (VEF 1) e maior relagdo VEF1/CVF que o grupo controle. O grupo intervencao
aumentou o VEF1 (p = 0,041) e a pressao expiratéria maxima (PEmax) (p = 0,009), diminuiu o indice
de massa corporal (IMC) (p < 0,001) e melhorou o0 VO2max (p = 0,007), em comparagao ao valor basal.
O grupo controle aumentou o VEF1 (p = 0,021), a CVF (p =0,014) e a relacao VEF1/CVF (p =0,033) e
diminuiu o IMC (p <0,001), em comparacgao ao valor basal. Conclusdo: O exergame melhorou a fungéo
pulmonar e a analise intragrupo mostrou que o exergame gamificado melhorou a fungao pulmonar, o
estado nutricional e a aptiddo cardiorrespiratoria.

Palavras-chave: Adolescente; sobrepeso; obesidade pediatrica; teste de funcao respiratoria; aptidao
cardiorespiratoria.

Introduction

Childhood obesity is one of the main prob- The stimulus and practice of physical activity are
lems of public health worldwide in this century [1] some of the main strategies to fight overweight.
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However, due to lack of motivation, engagement, or
physiological limitations caused by excessive body
fat, these children often have limited performance
with conventional aerobic exercise [2,3].

Adolescents with overweight may present im-
paired pulmonary function due to unfavorable bio-
mechanics caused by abdominal/perithoracic fat
[4,5] Current evidence suggests that dysanapsis
may negatively influence aerobic capacity and favor
the cycle of obesity maintenance [6,7] Moreover,
dysanapsis does not necessarily provoke clinical
repercussions at rest; however, it negatively influ-
ences performance and regular physical activity
[7,8]. Dysanapsis occurs when airways and lung
parenchyma grow disproportionately, resulting in
large lungs with small airways [4,5,7].

Regular physical exercise using gamified exer-
game in school environment is an innovative and
promising approach to provide metabolic and car-
diorespiratory benefits for adolescents with over-
weight [9,10]. Exergame can favor physiological

Methods

This is a non-randomized controlled clinical trial
(Clinical trials: NTC03532659) using an exergame
in adolescent students with overweight. The study
was conducted at two municipal public schools from
Campina Grande (Paraiba), Brazil, between July
and October 2018.

This study was approved by the research ethics
committee from the State University of Paraiba (no.
2.584.321 from April 06, 2018) and developed ac-
cording to the Resolution 466/2012 of the National
Health Council and the Declaration of Helsinki.
Before data collection, parents or caregivers signed
the informed consent form, and adolescents signed
the informed assent form. Researchers declared no
conflicts of interest.

responses to exercises (e.g., increased heart rate
and energy expenditure [11,12]); and can increase
moderate to vigorous physical activity among ado-
lescents [13—15]. Also, several studies evidenced
the effects of body mass index (BMI) and body fat
reduction, and benefits of engagement and reduc-
tion of sedentary hours in adolescents [15-17].

Despite the existing benefits, there are no stud-
ies proving the effects of exergame on pulmonary
function. A quasi-experimental study [18] reported
the efficacy of exergame in increasing the levels
of physical activity and fithess among students;
however, they concluded that more studies are
needed to explain the benefits of this modality in
cardiorespiratory fitness.

Therefore, this study aimed to verify the effects
of physical exercise on pulmonary function and
cardiorespiratory fitness using a gamified exer-
game in adolescents with overweight in their school
environment.

The study was designed as randomized; how-
ever, due to ethical conflicts faced among ado-
lescents, one school received the intervention
and the adolescents from the other school were
considered the control group. The control group
received monthly visits by the research team and
physical education classes and orientations regard-
ing healthy habits conducted by the school. At the
end of the study period, both schools received an
exergame station. Moreover, all adolescents di-
agnosed with overweight or obesity were referred
to the Center for Childhood Obesity of Campina
Grande (Paraiba, Brazil) for multidisciplinary at-
tendance with nutritionists, nurses, and pediatric
endocrinologists.
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Inclusion criteria were adolescents aged be-
tween 10 and 16 years with overweight or obesity
[19]. Adolescents with any motor or cognitive lim-
itation, genetic syndromes, metabolic disturbance,
pregnant or breastfeeding, with upper airway ob-
struction during data collection, and exacerbated
asthma or presenting asthma attack in the past 30
days were excluded.

Sample calculation resulted in a minimum of
24 adolescents allocated (1:1) in each group, with
20% of increase to avoid losses. Calculation was
conducted using the software G*Power 3.1.3, [20]
considering a power of 80% and a error of 5%, with
an effect size of 0.67, based on the difference of
maximal oxygen consumption (VO,max) before and
after physical exercise intervention in adolescents
with obesity [27].

Sample characterization of sociodemograph-
ic and lifestyle variables were: age, gender, skin
color, maternal education, economic class (Brazil
Economic Classification Criterion from Brazilian
Association of Research Companies [21]), and level
of physical activity [22,23].

Level of physical activity was assessed using the
International Physical Activity Questionnaire (IPAQ),
a validated measure for adolescent population [23]
For analysis, adolescents were categorized accord-
ing to guidelines from IPAQ, as physically active (very
active and active) and physically inactive (irregularly
active A, irregularly active B, and sedentary).

Nutritional status was assessed using the BMI,
derived from the weight (kg) divided by the square
of height (m?) and categorized according to the
following cutoff (Z-score of BMI-for-age for ado-
lescents from 10 to 18 years): overweight (Z-score
= +1 and < +2); obesity (Z-score = +2 and < +3);
and severe obesity (Z-score 2 +3) [19] The waist
circumference/height (cm) ratio was used to cate-
gorize abdominal obesity when scored = 0.5 [24].
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Cardiorespiratory fitness was assessed using
VO,max (ml/kg/min), obtained indirectly from the
20-meter shuttle run test, a reliable and validat-
ed test used to evaluate cardiorespiratory fithess
in children and adolescents with obesity [25,26].
The value was estimated according to equations
proposed by Léger [27] VO,max (ml/kg/min) =
31.025 + 3.238 (final speed [Km/h]) — 3.248 (age
[years]) + 0.1536 (age [years]) (final speed [Km/h]).

Respiratory muscle strength was measured using
a digital manovacuometer MVD300 (ranging + 300 cm
H,O), obtaining the maximal inspiratory pressure
(PImax) and maximal expiratory pressure (PEmax).
Maneuvers were repeated up to five times to obtain
at least three reproducible maneuvers (without leaks
and during at least two seconds). For quality control
between reproducible maneuvers, values should not
differ more than 10% from each one [28,29].

Pulmonary function was characterized by
spirometry, conducted according to the Brazilian
Consensus on Spirometry [30] to obtain pulmonary
volumes and capacities (i.e., forced vital capacity
[FVC], forced expiratory volume in the first sec-
ond [FEV,], FEV./FVCratio, forced expiratory flow
between 25-75% of FVC [FEF25-75%], and peak
expiratory flow [PEF]). A computerized portable
ultrasonic spirometer with flow sensor (Easy One®)
and the internal Winspiro Software (version 1.04)
for computer connection were used. Spirometry
maneuver was explained to adolescents (maximal
inspiration followed by quick and sustained expira-
tion, until instructed to interrupt the flow, with sub-
sequent inspiration until the end of the maneuver)
and allowed eight repetitions to reach A, B, and C
quality showed in equipment. Bronchodilators were
not administered. Values were described in liters
(I) and percentage of predicted (%Pred) accord-
ing to age reference equations from the Brazilian
Consensus on Spirometry [30].



Before assessment of pulmonary function, ad-
olescents rested for at least five minutes. They
reported no large meals, ingestion of caffeine, or
altered levels of arterial pressure that limited as-
sessments. During the tests, adolescents remained
seated with feet supported on the floor, knees bent
90 degrees, relaxed legs and shoulders, and head
facing forward. A nose clip was used to prevent air
leaks.

Intervention was conducted three times per
week at school for 50 minutes, and adolescents
selected four participants to compose their team.
A gamification strategy was developed using score
attribution to create two classification scores (week-
ly and at the end of intervention) to increase inter-
est and engagement in applied physical exercise.
Adolescents were weekly stimulated to reach the
highest scores provided by the exergame software
during game execution and summed to other scores
from punctuality and social interaction. As a result,
the highest scores (by team and player) received
diverse gifts at the end of the week. Challenges
and healthy habits were also proposed during all
week, which accounted for social interaction scores.
Atthe end of intervention, the group with the highest
score received a special gift, and the other groups
received diverse gifts.

The aerobic exercise with exergame was per-
formed through an XBOX 360 with a Kinect acces-
sory (Microsoft®), using the Just Dance game, which
has evidence proving that it favors the aerobic in-
tensity of exercise [31]. Each song lasted between
three and five minutes, and the song set alternated
every week, with approximately 10 to 12 songs
per training. At the end of each song, adolescents
received feedback from the researcher regarding
the reached heart rate and whether they needed
to maintain or play harder to reach the desired
aerobic range.

Aerobic exercise was monitored with the Atrio
frequency meter (Multilaser®) considering heart
rate at the beginning of the exercise (to calculate
aerobic range), during (to monitor intensity), and at
the end (to assess hemodynamic stability). Aerobic
range was calculated using the Karvonen formula
(1987), recommended by the American College of

Sports Medicine (heart rate = heart rate__ X

training X

exercise intensity [heart rate _ - heart rate 1),
and exercise intensity was set ranging from 60-85%
for cardiorespiratory gain. Heart rate__ was ob-
tained from a validated and recommended equation
(208 —[0.7 X age]) for adolescents between 10 and

16 years old [32,33].

Statistical analyses were conducted us-
ing SPSS program version 22.0 (IBM SPSS
Corp., Armonk, NY) and Stata SE version 12.1.1
(StataCorp, College Station, Texas, USA), with 95%
of confidence interval (Cl). For descriptive analy-
sis of variables, absolute and relative frequency,
and central tendency and dispersion measures
were used. For intergroup comparison, chi-square
test was conducted for categoric variables (age,
gender, skin color, maternal education, econom-
ic class, level of physical activity, and nutritional
status); unpaired Student’s t-test (symmetric) or
Mann-Whitney test (asymmetric), were conducted
for continuous variables, according to the studied
variable (tested by Shapiro-Wilk).

The effects of the intervention on dependent
variables were analyzed using paired Student’s
t-test or Wilcoxon test, according to variable dis-
tribution. Effects were analyzed using point and
interval estimates of mean or median differences, as
appropriate. P-values and 95% Cl were calculated
using Student’s t-test (for independent samples)
and Percentile Bootstrap method, [34] for mean
differences and median differences, respectively.
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Results

The intervention and control groups were composed of 36 and 27 adolescents, respectively, as
detailed in CONSORT flowchart [35] (Figure 1).

Figure 1 - Flowchart of recruitment and follow-up of participants

Most adolescents were females, aged between  and most adolescents were classified as physically
10 and 12 years, non-white, mothers with more than  active. Overweight was more prevalent than obe-
nine years of education, and low economic class. sity, and abdominal obesity was present in 61.3%
No habit of tobacco consumption was reported, of total group (Table 1).
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Table 1 - Sociodemographic characteristics, level of physical activity, and nutritional status of adoles-

cent students with overweight, according to groups

Intervention n (%) Control n (%) 95% CI P
Age

10-12 years 23 (63.9) 11 (40.7)
23.1 (-1.9-45.6) 0.068

13-16 years 13 (36.1) 16 (59.3)

Gender

Male 12 (33.3) 15 (55.6)
-22.2 (-44.8 — 2.6) 0.078

Female 24 (66.7) 12 (44.4)

Skin color

Non-white 32 (88.9) 3(11.1)
0(-18.7 - 16.5) 1.000

White 4 (11.1) 24 (88.9)

Maternal education

0-8 years of education 14 (56) 7 (31.8)
24.2 (-4.6 —49.1) 0.096

= 9 years of education 11 (44) 15 (68.2)

Economic class

Low (C1, C2, D, and E) 20 (60.6) 20 (74.1)
-13.5(-35.8 = 10.9) 0.271

High (A, B1, and B2) 13 (39.4) 7 (25.9)

Level of physical activity

Sedentary/irregularly active 11 (30.6) 16 (59.3)
-28.7 (-50.5 - -3.8) 0.023

Active 25 (69.4) 11(40.7)

Z-score (BMI)

Obesity 15 (41.7) 12 (44.4)
-2.8 (-27.0-21.4) 0.825

Overweight 21 (58.3) 15 (55.6)

Waist circumference/height ratio

Increased 22 (61.1) 16 (61.5)
-0.4 (-24.1 -24.1) 0.973

Regular 14 (38.9) 10 (38.5)

ClI: confidence interval; BMI: body mass index

Table 2 shows data proving homogeneity of most analyzed variables between control and
intervention groups at baseline. FVC(D (p = 0.025) and PEmax(

in control group.
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Discussion

The present study is innovative and unprec-
edented since we found no studies regarding the
effects of exergame intervention on pulmonary func-
tion and cardiorespiratory fitness of adolescents
with overweight. Therefore, we could not compare
our results with previous literature.

Airway dysanapsis has been suggested as
one of the physiological mechanisms involved in
impairment of pulmonary function in childhood obe-
sity, and this pattern is different in adults. Lungs
grow accordingly to increased demand of organism;
however, airways may not follow this increase and
may offer resistance to airflow since they are not
adequate to exhale all pulmonary capacity [6,7].

Previous studies with children and adoles-
cents with overweight, such as a meta-analysis
from 2017, [4] consider that dysanapsis may de-
crease FEV /FVC ratio even when no alterations
or increase in FEV, and FVC are evidenced by
spirometry [8]. Therefore, exergame possibly de-
creased dysanapsis among studied adolescents.
Both groups presented an average volume and
capacity that did not suggest obstructive or restric-
tive patterns. However, probably dysanapsis was
reinforced in control group [5,7] since intervention
group decreased FVC and increased FEV /FVC
ratio after exergame performance, which is the
opposite of the dysanapsis pattern (i.e., increased
FVC and decreased FEV /FVC ratio) [7].

Dysanapsis in population with obesity may not
have clinical repercussions at rest; however, it limits
exercise tolerance due to decreased physical per-
formance and negative influence on continuity of
physical activity and cardiorespiratory fitness [6].
Thus, a cycle of obesity maintenance is favored,
adding dysanapsis to low fithess and unfavorable
biomechanics caused by excessive body fat [36].

JIEEITIl Fisioterapia Brasil 2024;25(2):1285-1300

Results from intervention group showed bene-
fits in nutritional status, fithess, and pulmonary func-
tion. Corroborating the literature, the main strategy
to fight childhood overweight and its comorbidities is
regular practice of aerobic exercises, especially in
adolescence, and school environment potentializes
its adherence [3,37-39].

Evidence suggests that exergame using dance
modality, even with self-limited intensity, can provide
sufficient aerobic intensity to decrease adiposity.
However, therapist must control duration, frequency,
and intensity of exercise to benefit cardiovascular
health, as performed in the present study [40,41].

Systematic reviews with meta-analysis [42,43]
suggest that the strategy of active game decreases
BMI, and combined with multiple approaches may
potentialize the results, currently pointed as rela-
tively low. Despite heterogeneity observed in recent
studies due to constant technological innovations of
these games, investigations of the benefits of exer-
game intervention must continue. The present study
conducted an exergame intervention in school en-
vironment associated with a gamification strategy.
Therefore, decrease in BMI [44] and improvement
of pulmonary function and cardiorespiratory fithess
[13,45] could benefit adolescent students.

Adolescents that performed exergame showed
increased average of FEV, (reflecting increased
air exhalation) and PEmax (reflecting improved
movement of forced expiration) after intervention.
Fat deposition in trunk can determine the degree
of airflow obstruction and cause lung hyperinflation
[6,7]. Consequently, decreased volume of alveoli
air will increase expiratory reserve volume, used
to maintain effective breathing without discomfort
during physical exercise.



The benefits of continuous aerobic exercise to
pulmonary function are well discussed in pulmonary
rehabilitation. From controlling duration, frequency,
and intensity, lung deflation, improved ventilation
and blood oxygen distribution, and gain in cardio-
vascular, metabolic, and psychological health are
observed [10,36,45,46]

Aslightincrease of VO, of adolescents from
intervention group may suggests improvement in
aerobic capacity. High levels of cardiorespirato-
ry fitness during adolescence considerably de-
crease the risk of metabolic syndrome in adulthood,
even among adolescents with abdominal obesity.
Moreover, high cardiorespiratory fitness protects
from cardiovascular diseases in adulthood and in-
fluences good performance of aerobic exercises
[47,48]. The genetic component is involved in car-
diorespiratory fitness and limits the achievement of
increased VO, ininterventions. Adolescents can
be more susceptible or resistant to the benefits of
regular physical activity; a fact that could only be
confirmed with individual evaluation [47].

As limitation of the present study, we highlight

Conclusion

The practice of exergame by adolescent stu-
dents with overweight improved pulmonary function
(increased FEV /FVC ratio and decreased FVC
and FEV,). The increased PE__ of adolescents
after exergame decreased the difference observed
between groups at baseline, becoming similar at
the end of intervention.

Intergroup assessment suggested increased
FEV, and PEmax and gains in nutritional status
(decreased BMI) and cardiorespiratory fitness (in-
creased VO, _ )in intervention group. Other studies
should be performed to reinforce these results.

the non-randomization and short period of inter-
vention. This study could not be randomized due
to a sequential ethic issue among adolescents.
However, our decision corroborates other studies
involving adolescents with obesity and ethics[49,50]
and justifies the option to concentrate the inter-
vention group in only one school randomly select-
ed, in which all eligible adolescents could perform
the exergame. Exergame could be performed for
only eight continuous weeks since the planning of
twelve weeks needed to perform this protocol (four
weeks for baseline assessments and four weeks for
post-intervention assessments), should be conciliat-
ed with school calendar and strikes, local festivities,
and control of attendance and good performance
in school of involved adolescents.

Few losses of follow-up occurred, suggesting
positive influence of exergame when associated
with gamification strategy. The observed engage-
ment favored the achievement of significant clini-
cal and statistical results in the short period of the
present study intervention.
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