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Abstract

Purpose: This study examined differences in energy expenditure and bodily movement among
children of different weight status during exergames that varied in mode and intensity.

Methods: Fifty-seven 8- to 12-year-old children including overweight/obesity (n = 28) and
normal weight (n = 29) played three 10-minute interval Xbox One exergames (Fruit Ninja, Kung-
Fu, and Shape Up) categorized based on predominantly upper-, whole-, or lower-limb movement,
respectively. The authors measured bodily movement through accelerometry and obtained energy
expenditure and metabolic equivalent (MET) via indirect calorimetry.

Results: Energy expended during gameplay was the highest in Shape Up (P < .01) and higher in
Kung-Fu than Fruit Ninja (P < .01). Absolute energy expenditure was significantly higher in
overweight/obese children (P < .01), but not when controlling for body mass across 3 exergames
(P> .05). Based on the MET cut-points, overweight/obese children spent more time at light
intensity (<3 METSs) for Fruit Ninja (£ < .05) and Shape Up (P < .01), but less time at vigorous
intensity (=6 METS) for Kung-Fu (£< .01) and Shape Up (P < .01). Lower-limb movements
during Shape Up were less in overweight/obese children (P=.03).

Conclusion: Although children in both groups expended similar energy relative to their body
mass during gameplay, overweight/obese children spent more time at light intensity but less time
at vigorous intensity with fewer movements especially while playing a lower limb—controlled
exergame.
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The prevalence and severity of obesity continue to increase in children; currently, one third
of children are overweight or obese in the United States (25). Children at a higher body mass
index (BMI) are more prone to become overweight or obese adolescents and adults (23).
Childhood obesity is associated with the development of early signs of metabolic syndrome,
type 2 diabetes, and cardiovascular disease (40); impaired peer relationships, school
experiences, and academic achievement (8); and a higher chance of early death in adulthood

(6).

Physical inactivity appears to be a primary factor for increasing fat accumulation and
adiposity (6). Given that more physical activities and fewer sedentary activities are known to
be promising strategies for preventing childhood obesity (3,39), at least 1 hour of moderate-
to vigorous-intensity physical activity (46) and less than 2 hours of screen time have been
recommended for children on a daily basis (12,16). Only one in 5 children meets the
physical activity recommendations and about one in 3 children meets the screen time
guidelines (33). Furthermore, physical activity levels begin to decline (17) and differ by
weight status (11) at age 7; thus, physical activity behavior should be enhanced, especially
for preadolescent children around the ages of 8-12 years.

Perhaps unsurprisingly, overweight or obese children are frequently less physically active
(15), especially at moderate-and vigorous-intensity levels in free-living conditions (43), and
perform poorly on fitness tests (32) compared with their normal weight counterparts. As a
new type of entertainment coupling body movements and video gaming, exergames (also
known as active video games) are being used to provide additional opportunities for
increasing children’s energy expenditure and for reducing their sedentary pursuits (52). In
the last decade, studies have increasingly utilized exergames for physical activity and health
promotion (4,51). However, the relationship between energy expenditure and bodily
movement in children of varying weight status using different modes of exergames is still
relatively unknown (5,37).

The use of exergames capable of achieving a light- to vigorous-intensity level of physical
activity (assessed via indirect calorimetry) through various platforms such as Xbox (10), Wii
(36), and Dance Dance Revolution (1,55) has been reported in the literature. In comparing
energy cost of exergaming activities between different weight groups, energy cost values
were found to be higher in obese children and adolescents compared with their counterparts;
however, these differences were inconsistent after adjusting for body size (2,36) or body
composition (10,42,55). Furthermore, few studies to date have compared the results of
whether moderate- or vigorous-intensity levels, based on the metabolic equivalent (MET)
cut-points, were attained between weight groups (10,42). Those that have been done have
reported conflicting results. Furthermore, exergames require bilateral movements in different
directions (30,31); thus, the measure of both upper- and lower-bodily movements may
contribute to the understanding of the relationship between body movement and energy
expenditure during exergames played in different modes and at different levels of intensity.
In addition, few studies have assessed bodily movement using the number of steps taken
from an ankle-worn monitor (22,42). Given this methodological consideration, a more
refined experimental approach with age- and sex-matched controls should be considered
when comparing different weight status. Moreover, an assessment of the distinctive
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intensities and modes (upper, whole, and lower body) that exergames offer has not been
extensively examined. These issues should be addressed because the influence of
exergaming on energy expenditure and bodily movement may differ depending on the
weight status of their players. Such information would contribute to the development and
intervention of physical activity programs designed for overweight or obese children.

We therefore examined the hypotheses that (1) exergames can increase energy expenditure to
a moderate- to vigorous-intensity level, the specific levels of which would be dependent on
different exergaming modes and the weight status of the individual playing; (2) children with
higher BMIs would expend less energy after energy expenditure was adjusted for their body
mass; and (3) children with higher BMIs would spend less time and use fewer lower-limb
movements, especially in more intense exergames, compared with their counterparts. If our
hypotheses are supported, such information could provide insight into feasible and effective
strategies using exergaming technology for developing a successful physical activity
regimen that may be used as part of childhood obesity prevention.

and Design

In a cross-sectional study design, we recruited children of various ethnic backgrounds and of
both genders from a community in the Greater Boston region through web advertisements
and flyers. Participants had to be (1) between 8 and 12 years old, (2) free of attentional
disorders or physical disability, (3) free of any medication that affected the central nervous
system, and (4) had not previously engaged in the exergames used in our study. Among 421
individuals who responded, 81 were eligible and expressed interest in participating in this
project. The remaining 340 who responded were either not eligible due to the age criteria or
were excluded in order to balance either BMI percentile, gender, or race between the 2
weight groups. Of those eligible, 24 failed to attend their scheduled study sessions, leaving
57 participants in the present study. We conducted our study from March 2017 to May 2018
in a laboratory setting. This study was approved by the institutional review board at
Northeastern University where the study was conducted. All participants and their parents
provided written informed assent and consent for their participation.

A single visit required for this study took approximately 90 minutes in the lab. Once a
participant arrived at the lab, we provided the participant and his or her parent with an
orientation regarding the study procedures after obtaining informed assent/consent. The
participant completed a physical activity questionnaire, and then we assessed their
anthropometric measurements. Next, we affixed devices to the children and carried out the
exergaming sessions as described below.
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Measures

Survey Instruments

Before the exergames, we used the Physical Activity Questionnaire for Older Children,
which is a self-administered, 7-day recall questionnaire for children aged 8-14 years (13).
The Physical Activity Questionnaire for Older Children is comprised of 10 items, 9 of which
are structured to reflect moderate to vigorous physical activity. The questionnaire uses a 5-
point Likert scale for each item (eg, 1 = no physical activity, 5 = 7 times or more physical
activity) and then sums the scales of the 9 items and averages them as a composite score
(56). Higher scores represent higher physical activity levels. We also queried previous game
experience with a single question (ie, how much have you played Xbox Kinect games?)
using a 3-point Likert scale (1 = little or no experience, 2 = some experience, and 3 = a lot of
experience) (31). After the exergames, we evaluated the participant’s enjoyment of each
game using a 5-point smiley face Likert scale (1 = did not enjoy it at all and 5 = enjoyed it
very much) (49).

Anthropometry

We measured stature (to 0.1 cm) using the ShorrBoard (Weight and Measure, LLC, Olney,
MD) and body mass (to 0.1 kg) using the SECA scale (SECA Inc, Chino, CA) and then
calculated BMI (kg/m?2) and BMI percentile using the Centers for Disease Control and
Prevention (CDC) growth charts (35). Based on the participant’s BMI percentile, we
assigned each child to one of 2 groups: (1) the normal weight group (<85th percentile) or (2)
the overweight/obese group (=85th percentile) for analyzing differences between groups.

Heart Rate and Rating of Perceived Exertion

We placed a Polar H7 Bluetooth heart rate sensor (Polar Electro Inc, Lake Success, NY) on
the chest with a soft textile strap to measure heart rate continuously during the testing
session. Next, we downloaded heart rate data at 10-second intervals, and then values were
expressed in beats per minute. We also collected their heart rates and children’s OMNI scale
of perceived exertion (category range: 0-10) (50) before and after each exergame.

Body Movement

We initialized 2 triaxial GT9X accelerometers (ActiGraph LLC, Pensacola, FL) at a 30-Hz
sampling frequency with the ActiLife software (version 6.13.2; ActiGraph LLC) and set the
Bluetooth wireless function for a wrist-worn GT9X to integrate with a Polar H7 Bluetooth
heart rate sensor for continuous heart rate measurement. \We then fitted the participant with 2
accelerometers on the nondominant wrist with a silicone wristband and at the anterior
axillary line of the nondominant hip with a belt clip to measure upper- and lower-body
movements, respectively, during the exergaming sessions (30). We downloaded steps and
activity counts from 3 axes (x axis: anteroposterior, yaxis: vertical, zaxis: mediolateral)
with a normal filter at a 10-second epoch length previously used for exergaming featuring
intermittent physical activities and obtained vector magnitude from all 3 axes (X + )2 + 2)*
(31). We then averaged vector magnitude of each 10-minute exergame session to see the
difference of the amount and pattern of upper or lower movement by weight status.
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Energy Expenditure

After calibrating the metabolic analyzer in accordance with the manufacturer’s manual, we
fitted a rubber face mask (Hans Rudolph Inc, Kansas City, MO) and then tested to ensure
that there was no leakage of air. After a 20-minute seated rest, we measured 5 minutes of
resting metabolic variables (eg, oxygen consumption [VO5], energy expenditure) while a
participant rested in a chair and subsequently three 10-minute intervals of exergaming
activity using the breath-by-breath method with an indirect calorimetry of the COSMED
K4b2 (COSMED, Rome, Italy). We downloaded the metabolic data at 15-second intervals,
and then VO, and energy expenditure were expressed in milliliters O, per minute (mL/min)
and in kilocalories per minute (kcal/min), respectively. We obtained MET values as VO,
consumed during each 10-minute exergame per kilogram of body weight divided by VO,
consumed at the 5-minute rest per kilogram of body weight (equal to one MET) (19,34).
Based on the American College of Sports Medicine’s cut-points (19), we computed time
spent at light (1.5-2.9 METSs), moderate (3-5.9 METS), and vigorous (=6 METS) intensities.

Exergaming Sessions

In terms of movement patterns and intensities, we chose 3 exergames using a Kinect camera
monitor sensor on an Xbox One console (Microsoft Inc, Redmond, WA) that included
predominantly an upper limb—controlled game (slicing), Fruit Ninja; a whole limb—
controlled game (punching, kicking), Kung-Fu for Kinect (Kung-Fu); and a lower limb—
controlled game (running, jumping, skating), Shape Up. We selected 5 minigames from Fruit
Ninja and Shape Up, and 3 minigames from Kung-Fu to ensure a 10-minute duration of each
game session. After we confirmed that all instruments worked properly, a participant played
the same sequence and game difficulty level (selected by an investigator) of the minigames
in three 10-minute exergames with two 5-minute rests between the exergame sessions. The
order of the exergames was randomized for Fruit Ninja and Kung-Fu but not for Shape Up.
We observed that remaining fatigue (as indicated by higher resting heart rate and rate of
perceived exertion) in our first 3 participants after their Shape Up play (even following the 5-
min rest) likely interfered with the participant’s performance on the next exergame; thus, we
decided that Shape Up should be placed as the last exergame sequence for all gameplay.

Data Analysis

With regard to our a priori hypotheses, we conducted power analyses using G*Power
program (http://www.gpower.hhu.de/en.html) with power (1 - B) and alpha (a) set at 0.9
and .05, respectively, (18), and the results of these analyses indicated that our sample size (N
= 57) assured an adequate power to detect the group difference in primary variables (ie,
energy expenditure [d= 0.50]; time spent in moderate to vigorous intensity [d= 0.46]; and
body movements [@'= 0.40]). Means and SDs were calculated and reported for all dependent
variables. Of the 57 participants, we analyzed 56 metabolic data sets due to a technical error
in one participant. We used an independent t test to see the differences in participant
characteristics by weight status and a chi-square ( ;(2) statistic to investigate whether
distributions of categorical variables (ie, weight groups, sex, race) differed from one another.
We employed a repeated-measures analysis of variance to compare between-weight groups:
(1) changes in heart rate and rating of perceived exertion before and after each exergame; (2)
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upper- and lower-body movement (ie, activity counts) or metabolic variables (eg, VO,
energy expenditure) across 3 exergames; and (3) exergaming intensity using METS (eg,

light, moderate, vigorous) across 3 exergames. If we found a significant interaction or main
effect, we performed a post hoc pairwise analysis using paired t tests with the Bonferroni
adjustment for multiple comparisons. A log-linear mixed regression method was conducted
to adjust for body mass in group comparisons of energy expenditure and VO, (58). Energy
expenditure, VO5, and body mass were log-transformed, and then a linear mixed regression
model was constructed using log (energy expenditure or VO5) as the dependent variable and
log (body mass) as the independent variable. All statistical data analyses were conducted
with SPSS (version 24.0; IBM, Armonk, NY). The criterion for significance was P< .05. We
performed a Bonferroni correction for primary dependent variables and divided the critical 2
value (a) by the number of comparisons in 5 metabolic variables and 2 activity count
variables, which were .01 and .03, respectively; thus, we reported the P values when
generalizing results.

Participant Characteristics

As shown in Table 1, 28 children with overweight/obesity and 29 children with normal
weight completed this study. Age (P=.19); sex (y = 0.14, P=.71); and race (y~=3.45, P
= .49) were balanced and similarly distributed between groups. A composite score of
reported weekly physical activity level was not significantly different between groups (P
=.18). However, game experience was significantly higher in children with overweight/
obese than those of normal weight (P < .01). For the enjoyment of exergaming, all children
reported the highest degree of enjoyment in Fruit Ninja (really good) and Kung-Fu (really
good) and the least in Shape Up (good), P< .01, but we observed no difference between
groups.

Heart Rate and Rating of Perceived Exertion to Exergames

Changes in heart rate and rating of perceived exertion before and after each exergame were
not significantly different between groups after playing Fruit Ninja or Kung-Fu; however,
the change in the rating of perceived exertion following Shape Up was significantly higher
in children with overweight/obesity than those of normal weight (P=.04). In addition,
continuous heart rate measured for each 10-minute exergame was not significantly different
between groups (Table 2).

Bodily Movement to Exergames

Among 3 exergames, hip-measured activity counts (P < .01) were the highest in Shape Up
and the lowest in Fruit Ninja, whereas wrist-measured activity counts (P < .01) were the
highest in Fruit Ninja and the lowest in Shape Up. In comparing groups, hip-measured
activity counts (P=.02) were significantly higher for children with normal weight versus
their overweight/obese counterparts only in Shape Up, indicating more movement in the
lower limbs (Figure 1).
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Metabolic Response to Exergames

As shown in Table 3, among the 3 exergames, absolute values in VO, and energy
expenditure were the highest in Shape Up (vs Fruit Ninja and Kung-Fu; (all A <.01), and
the values were higher in Kung-Fu compared with Fruit Ninja (£ < .01). In comparing
groups, children with normal weight (vs children with over-weight/obesity) had lower
absolute values in VO, and energy expenditure for 3 exergames (all A <.01) and lower
absolute VO, value at rest (P < .01), whereas there was no significant difference in
respiratory exchange ratio either at rest and for 3 exergames between groups. Although
absolute energy expenditure is commonly used in exercise prescription, it is necessary to
adjust for body mass to compare energy expenditure between different weight groups. After
controlling for body mass, a log-linear mixed regression analysis revealed that the group
effects on either VO, consumed or energy expended during any of the exergames were not
statistically significant, whereas normal weight children spent less energy at rest compared
with overweight/obese children (P=.01).

Time Spent in Different Activity Intensity Levels

Among 3 exergames, all children had the highest METs when playing Shape Up (P< .01)
and higher METs when playing Kung-Fu than Fruit Ninja (< .01). MET values were
higher in normal weight children compared with overweight/obese children when playing
any of the exergames (all A <.01) as shown in Table 3. Based on the MET cut-points,
normal weight children compared with overweight/obese children spent more time (in
minutes) at moderate- to vigorous-intensity activity for Fruit Ninja (5.7 [4.1] vs 2.9 [3.2]; P
<.01), Kung-Fu (7.1 [3.6] vs 5.5 [3.2]; P=.08), and Shape Up (7.7 [2.3] vs 5.6 [2.7]; P
<.01). Normal-weight children compared with their overweight/obese counterparts spent
more time at vigorous intensity for Kung-Fu (1.2 [1.9] vs 0.0 [0.0]; A< .01) and Shape Up
(1.8 1.9] vs 0.4 [0.8]; P<.01) and at moderate intensity only for Fruit Ninja (5.3 [3.8] vs
2.9 [3.2]; P=.01) but less time at light intensity for Fruit Ninja (4.5 [3.8] vs 6.7 [3.2]; P
=.02) and Shape Up (1.7 [1.4] vs 2.8 [1.6]; A< .01) (Figure 2; Supplementary Table 1
[available online]).

Discussion

This study aimed to explore energy expenditure, bodily movement, and intensity of playing
three 10-minute interval exergames in preadolescents of different weight status. Children in
both groups experienced similar energy expenditure relative to their body mass for all
exergames. Based on the MET cut-points, time spent was similar at moderate-intensity level,
but more at light-intensity level and less at vigorous-intensity level in children with
overweight/obesity, which is apparent while playing a more intense, lower limb—controlled
exergame such as the Shape Up. These findings suggest that the pattern in the intensity
during gameplay may differ in children of different weight status while expending energy in
a similar fashion.

Prior reports indicate that exergaming increases levels of energy expenditure from light to
vigorous intensity, but this depends on the exergaming environment (eg, game choice and its
level and mode) (1,5). Consistently, our findings suggest that all children expended energy at
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the level of moderate intensity for Fruit Ninja game and almost at the level of vigorous
intensity for Kung-Fu and Shape Up games based on cut-points for the activity intensity
level using activity energy expenditure (47,54). Furthermore, in terms of different
exergaming modes based on limb movement patterns, we classified Fruit Ninja, Kung-Fu,
and Shape Up as upper limb-, whole body-, and lower limb—controlled games, respectively,
as indicated by the findings that movements (measured by activity counts) of the lower limb
were the greatest in Shape Up and the lowest in Fruit Ninja, whereas those of the upper limb
were the opposite. Furthermore, energy expended during gameplay was the highest in Shape
Up and higher in Kung-Fu than Fruit Ninja. This finding can be attributed to the game mode
(eg, running, jumping) of lower limb—controlled Shape Up, which engages weight-bearing
activities using larger muscle mass and thus demands more energy expenditure than Fruit
Ninja (predominately requiring upper-limb movements) and Kung-Fu (using both upper- and
lower-limb movements). This is consistent with a previous study (42) also showing greater
energy expenditure during a Wii Jogging game than a Wii Boxing game.

In comparing groups, absolute energy expenditure was significantly higher in children with
overweight/obesity than those with normal weight for all of the exergames, consistent with
prior reports (1,42,55). However, after controlling for body mass using a log-linear mixed
regression method, the adjusted energy expenditure did not differ between groups for any of
the exergames. This finding could be explained by the fact that children in both groups put
similar effort into Fruit Ninja or Kung-Fu as indicated by no difference in activity counts on
the hip or the wrist and heart rate between groups. Despite having similar energy
expenditure during Shape Up gameplay in both groups, children with normal weight had
more lower-limb movement than their overweight/obese counterparts. These findings
suggest that energy cost might be more efficient in children with normal weight than those
with overweight or obesity especially during intense and weight-bearing activities (29,41)
such as our Shape Up gameplay. Similar to our findings, other studies (1,10,36,55) adjusting
for body mass or fat-free mass have not found any significant differences in energy
expenditure as a function of weight status. However, a previous study (42) measuring body
composition showed higher energy expenditure after adjusting for fat-free mass in lean
children compared with obese children while playing Wii Jogging. These researchers
hypothesized that there might be more angular movement at the knee in children with
normal weight than those with obesity. Such inconsistent findings might be due to
differences in some methodological conditions including data analysis (ratio vs regression)
(58); a relatively small sample size (36); a wide age range (eg, age-related body size in
energy expenditure) (34); an uneven distribution of sample size in boys and girls (eg, more
energy expended in boys than girls) (22); or a difference in energy expended between upper-
and lower-limb movements during gameplay (30). These might be important factors in
comparing energy expenditure between weight groups. In addition, individual differences in
the game experience might affect energy cost when an individual performs a chosen
exergame. Individual fitness and physical activity levels independent of weight status might
impact oxygen uptake, thereby affecting energy cost as well (20). Our baseline data suggest
that physical activity levels were not significantly different between groups, whereas
previous Xbox Kinect game experience (unrelated to our chosen exergames) was more
common in overweight/obese children than their normal weight counterparts. However, the
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results of energy expenditure or body movement remained even after controlling for the
previous game experience as a covariate in the statistical model.

With regard to exercise intensity (19), we found that children with normal weight spent more
time in vigorous intensity (>6 METSs) and less time in light intensity compared with children
who were overweight/obese, whereas children in both groups spent a similar amount of time
in moderate-intensity activity (3-5.9 METS). Our results are consistent with a previous study
(10) demonstrating that there was similar time spent at moderate intensity between different
weight groups, whereas lean adolescents had more time spent at vigorous intensity (>6
METSs) compared with obese adolescents over a 1-hour period engaged in Xbox Boxing.
While other studies (1,36) reported no differences between weight groups, some
methodological constraints may have accounted for the lack of group differences. For
instance, the standard adult MET value (3.5 mL/kg/min) used in a previous study (1) is
inappropriate for use in children because resting metabolic rate differs based on age-related
body size (ie, higher in children than adolescents and adults) (34). Furthermore, children
aged 8-12 years typically possess a resting metabolic rate of about 6 mL/kg/min (26).
Therefore, the use of an individual’s actual resting metabolic rate as one MET for children
(the measure used in our study) is likely to generate more accurate results for the MET
categorization of exercise intensity. Furthermore, most studies in an exergame setting
indicated the use of average MET values to determine exergaming intensity, thus limiting the
ability to quantify time in exergaming intensities that meet activity guidelines (1,42,55).
Assessing time spent in different intensities while exergaming is of significance for
identifying the inconsistent results from assessments of metabolic activities during
exergaming play (10) because exergaming typically results in spontaneous and intermittent
movements (31).

Our findings suggest that children with normal weight engage more in vigorous-intensity
activity than those with overweight/obesity during Kung-Fu or Shape Up gameplay
(requiring more movement in the lower limbs), which may account for some physiological
and psychological factors in children of different weight status. For instance, children with
overweight/obesity in the present study reported a greater rating of perceived exertion,
especially in Shape Up gameplay, which required the most intense level of lower-limb
movements. This finding may indicate more fatigue and discomfort (7), which together with
less exercise tolerance (48) and a greater amount of oxygen consumption across all
exergames, suggests more burden incurred by the metabolic cost associated with excess
body mass (41). Furthermore, other studies (14,45) showed inverse relationships between
fatness and performance on weight-bearing activities (eg, fitness test items) in children. The
poor performance we observed in overweight/obese children on Shape Up play as a type of
weight-bearing activity is probably due to the fact that their excess body mass requires extra
effort in order to move during weight-bearing activities (14) and consequently causes
increased loading on weight-bearing joints (eg, the knee) (27). These constraints might
restrict such children’s performance on weight-bearing activities, especially at vigorous-
intensity levels. Another possible explanation could be that such individuals might be less
motivated to play exergames at vigorous-intensity levels due to a lack of motor competence
and motor skills (9) or enjoyment (53). However, the enjoyment levels throughout our
gameplay sessions were not significantly different between groups.
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Furthermore, we observed that exergames requiring more movement in the lower limbs (ie,
the most on Shape Up, less so far on Kung-Fu, the least on Fruit Ninja) induced additional
engagement in moderate to vigorous physical activity, resulting in a greater amount of
energy expended. Our findings herein have clinical and practical implications for health
professionals, teachers, and parents such that if exergames are being considered, they should
choose those emphasizing lower-limb and low-impact weight-bearing activities (eg, cyber
cycling) capable of achieving a moderate- to vigorous-intensity level, especially for
overweight or obese children in the early stages of their physical activity programs. Once
their fatness and/or fitness levels have favorably improved, such children should be
encouraged to engage in more intense exergames primarily requiring lower-limb movements
that elicit greater amounts of energy expenditure at vigorous-intensity levels since physical
activity at this level is more likely to improve cardiorespiratory fitness and lower body fat
(24). In addition to the choice of game mode and intensity, varied selections of exergames
should be offered for these children. This can provide a balance of different activity modes,
leading to the acquisition and development of motor skills (44). Our findings also suggest
that game designers/developers should develop a game environment (eg, a built-in series of
storytelling) to keep individuals motivated and continuously engaged (31,38) since long-
term engagement in exergaming may be difficult to achieve (4,51).

We should note several important limitations to our results. We used a convenience sample
that might not be representative of the population. Our study assessed children’s activities in
a laboratory setting (eg, device attachments, presence of investigators) that might interfere
with their free-living performance, but assuming that overweight/obese children are not
more sensitive to performing while being watched, any such interference would have been
equally present in both groups. Although the study protocol for measuring resting metabolic
rate (average 6.5 mL/kg/min) did not use a strictly controlled environment (21), our resting
metabolic rate was close to that (about 6 mL/kg/min) reported under very controlled
conditions (eg, a longer time of assessment, supine position) (26,36). This study is also
limited by the absence of fat-free mass measurement as an estimate of metabolic body size
(57) using advanced techniques (eg, dual-energy X-ray absorptiometry) as a criterion
measure for body composition, although body mass is commonly used to estimate energy
expenditure (28). In addition, we used a self-reported 7-day recall questionnaire for children;
however, this instrument has been validated against an objective assessment of
accelerometer-based measures of moderate to vigorous physical activity among children
aged 8-13 years (56). Finally, individual differences including motivation, perceived
competence, or motor skill competence can affect a participant’s performance during
gameplay; thus, they should be assessed in future research.

Conclusion

We examined energy expenditure and bodily movement elicited during gameplay in different
modes and levels among 8- to 12-year-old children with different weight status. Although
normal-weight children compared with overweight/obese children put greater effort into
playing a more intense exergame, the chosen exergames in the present study were able to
elicit moderate- to vigorous-intensity physical activity for all children, potentially
contributing to the recommended physical activity levels for improving children’s health and
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fitness (46). While children should still be encouraged to play naturally, our findings suggest
that exergaming can count toward meeting current physical activity guidelines for all
children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors would like to thank the children for participating in this study. Their efforts to meet the requirements of
the study were outstanding. The authors also appreciate the reviewers’ feedback to improve the quality of this
article. The authors thank Mie Hashimoto, MPH; Carlos Andres Hoyos Cespedes, MPH; Miranda Prasad, Hannah
Doolittle, MS; Adam Michalowski, Harley Edge, and Samantha Gutiérrez-Arango for their help with data
collection and manuscript preparation. The authors would also like to thank Carmen Castaneda Sceppa, MD, PhD;
Rui Li, PhD; and Gregory Cloutier, MPH of the Human Performance and Exercise Science Laboratory at
Northeastern University for providing the lab resource. All phases of this study were supported in part by a grant
from the National Institute of Diabetes and Digestive and Kidney Diseases (R01DK109316), The Narrative Effect
of Active Video Games on Long-Term Moderate to Vigorous Physical Activity, PI: A. S. L. The authors declare no
conflicts of interest.

References

1. Bailey BW, Mclnnis K. Energy cost of exergaming: a comparison of the energy cost of 6 forms of
exergaming. Arch Pediatr Adolesc Med. 2011;165(7):597-602. doi:10.1001/archpediatrics.2011.15
[PubMed: 21383255]

2. Barkman J, Pfeiffer K, Diltz A, Peng W. Examining energy expenditure in youth using XBOX
Kinect: differences by player mode. J Phys Act Health. 2016;13(6):S41-3. doi:10.1123/
jpah.2016-0016 [PubMed: 27392377]

3. Benjamin RM. The surgeon general’s vision for a healthy and fit nation. Public Health Rep.
2010;125(4):514-5. doi:10.1177/003335491012500402 [PubMed: 20597448]

4. Benzing V, Schmidt M. Exergaming for children and adolescents: strengths, weaknesses,
opportunities and threats. J Clin Med. 2018; 7(11):140-151. doi:10.3390/jcm7110422

5. Biddiss E, Irwin J. Active video games to promote physical activity in children and youth: a
systematic review. Arch Pediatr Adolesc Med. 2010;164(7):664—72. doi:10.1001/
archpediatrics.2010.104 [PubMed: 20603468]

6. Biro FM, Wien M. Childhood obesity and adult morbidities. Am J Clin Nutr. 2010;91(5):1499S~
505. doi:10.3945/ajcn.2010.28701B [PubMed: 20335542]

7. Borg G. Perceived exertion as an indicator of somatic stress. Scand J Rehabil Med. 1970;2(2):92-8.
[PubMed: 5523831]

8. Carey FR, Singh GK, Brown HS 3rd, Wilkinson AV. Educational outcomes associated with
childhood obesity in the United States: cross-sectional results from the 2011-2012 National Survey
of Children’s Health. Int J Behav Nutr Phys Act. 2015;12(1):S3. doi:10.1186/1479-5868-12-S1-S3
[PubMed: 26222699]

9. Castetbon K, Andreyeva T. Obesity and motor skills among 4 to 6-year-old children in the United
States: nationally-representative surveys. BMC Pediatr. 2012;12:28. d0i:10.1186/1471-2431-12-28
[PubMed: 22420636]

10. Chaput JP, Genin PM, Le Moel B, et al. Lean adolescents achieve higher intensities but not higher
energy expenditure while playing active video games compared with obese ones. Pediatr Obes.
2016;11(2):102-6. doi:10.1111/ijpo.12027 [PubMed: 25855028]

11. Cooper AR, Goodman A, Page AS, et al. Objectively measured physical activity and sedentary
time in youth: the International Children’s Accelerometry Database (ICAD). Int J Behav Nutr
Phys Act. 2015;12:113. doi:10.1186/s12966-015-0274-5 [PubMed: 26377803]

12. Council on Communications and Media, Strasburger VVC. Children, adolescents, obesity, and the
media. Pediatrics. 2011;128(1):201-8. doi:10.1542/peds.2011-1066 [PubMed: 21708800]

Pediatr Exerc Sci. Author manuscript; available in PMC 2020 May 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hwang et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Page 12

Crocker PR, Bailey DA, Faulkner RA, Kowalski KC, McGrath R. Measuring general levels of
physical activity: preliminary evidence for the Physical Activity Questionnaire for Older Children.
Med Sci Sports Exerc. 1997;29(10):1344-9. doi:10.1097/00005768-199710000-00011 [PubMed:
9346166]

Deforche B, Lefevre J, De Bourdeaudhuij I, Hills AP, Duquet W, Bouckaert J. Physical fitness and
physical activity in obese and nonobese Flemish youth. Obes Res. 2003;11(3):434-41.
doi:10.1038/0by.2003.59 [PubMed: 12634442]

Ekelund U, Aman J, Yngve A, Renman C, Westerterp K, Sjostrom M. Physical activity but not
energy expenditure is reduced in obese adolescents: a case-control study. Am J Clin Nutr.
2002;76(5): 935-41. doi:10.1093/ajcn/76.5.935 [PubMed: 12399263]

Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children
and Adolescents; National Heart, Lung, and Blood Institute. Expert panel on integrated guidelines
for cardiovascular health and risk reduction in children and adolescents: summary report.
Pediatrics. 2011;128(6):S213-56. [PubMed: 22084329]

Farooq MA, Parkinson KN, Adamson AJ, et al. Timing of the decline in physical activity in
childhood and adolescence: Gateshead Millennium Cohort Study. Br J Sports Med.
2018;52(15):1002—-6. doi:10.1136/bjsports-2016-096933 [PubMed: 28288966]

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power 3.1: tests for
correlation and regression analyses. Behav Res Methods. 2009;41(4):1149-60. doi:10.3758/
BRM.41.4.1149 [PubMed: 19897823]

Garber CE, Blissmer B, Deschenes MR, et al. American College of Sports Medicine position
stand. Quantity and quality of exercise for developing and maintaining cardiorespiratory,
musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing
exercise. Med Sci Sports Exerc. 2011;43(7):1334-59. doi:10.1249/MSS.0b013e318213fefb
[PubMed: 21694556]

Goran M, Fields DA, Hunter GR, Herd SL, Weinsier RL. Total body fat does not influence
maximal aerobic capacity. Int J Obes Relat Metab Disord. 2000;24(7):841-8. doi:10.1038/
5j.ij0.0801241 [PubMed: 10918530]

Goran MI, Carpenter WH, Poehlman ET. Total energy expenditure in 4- to 6-yr-old children. Am J
Physiol. 1993;264(5):E706-11. [PubMed: 8388637]

Graf DL, Pratt LV, Hester CN, Short KR. Playing active video games increases energy expenditure
in children. Pediatrics. 2009;124(2): 534-40. doi:10.1542/peds.2008-2851 [PubMed: 19596737]

Guo SS, Chumlea WC. Tracking of body mass index in children in relation to overweight in
adulthood. Am J Clin Nutr. 1999;70(1): 145S-8S. doi:10.1093/ajcn/70.1.145s

Gutin B, Yin Z, Humphries MC, Barbeau P. Relations of moderate and vigorous physical activity
to fitness and fatness in adolescents. Am J Clin Nutr. 2005;81(4):746-50. doi:10.1093/ajcn/
81.4.746 [PubMed: 15817847]

Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity among adults and youth:
United States, 2015-2016. NCHS Data Brief. 2017;288:1-8.

Harrell JS, McMurray RG, Baggett CD, Pennell ML, Pearce PF, Bangdiwala Sl. Energy costs of
physical activities in children and adolescents. Med Sci Sports Exerc. 2005;37(2):329-36.
doi:10.1249/01.MSS.0000153115.33762.3F [PubMed: 15692331]

Hills AP, Hennig EM, Byrne NM, Steele JR. The biomechanics of adiposity—structural and
functional limitations of obesity and implications for movement. Obes Res. 2002;3(1):35-43.
doi:10.1046/j.1467-789X.2002.00054.x

Hills AP, Mokhtar N, Byrne NM. Assessment of physical activity and energy expenditure: an
overview of objective measures. Front Nutr. 2014;1:5. doi:10.3389/fnut.2014.00005 [PubMed:
25988109]

Huang L, Chen P, Zhuang J, Walt S. Metabolic cost, mechanical work, and efficiency during
normal walking in obese and normal-weight children. Res Q Exerc Sport. 2013;84(2):S72-9.
doi:10.1080/02701367.2013.849159 [PubMed: 24527569]

Hwang J, Fernandez AM, Lu AS. Application and validation of activity monitors’ epoch lengths
and placement sites for physical activity assessment in exergaming. J Clin Med. 2018;7(9):268-32.
doi:10.3390/jcm7090268

Pediatr Exerc Sci. Author manuscript; available in PMC 2020 May 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hwang et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 13

Hwang J, Lu AS. Narrative and active video game in separate and additive effects of physical
activity and cognitive function among young adults. Sci Rep. 2018;8(1):11020. doi:10.1038/
$41598-018-29274-0 [PubMed: 30030456]

Karppanen AK, Ahonen SM, Tammelin T, Vanhala M, Korpelainen R. Physical activity and fitness
in 8-year-old overweight and normal weight children and their parents. Int J Circumpolar Health.
2012;71(1):17621. doi:10.3402/ijch.v71i0.17621 [PubMed: 22456036]

Katzmarzyk PT, Denstel KD, Beals K, et al. Results from the United States of America’s 2016
report card on physical activity for children and youth. J Phys Act Health. 2016;13(11):S307-13.
doi:10.1123/jpah.2016-0321 [PubMed: 27848726]

Kozey S, Lyden K, Staudenmayer J, Freedson P. Errors in MET estimates of physical activities
using 3.5 ml-kg'l-min'1 as the baseline oxygen consumption. J Phys Act Health. 2010;7(4):508—
16. d0i:10.1123/jpah.7.4.508 [PubMed: 20683093]

Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, et al. CDC growth charts: United States. Adv
Data. 2000;8(314):1-27.

Lanningham-Foster L, Foster RC, McCrady SK, Jensen TB, Mitre N, Levine JA. Activity-
promoting video games and increased energy expenditure. J Pediatr. 2009;154(6):819-23.
doi:10.1016/j.jpeds.2009.01.009 [PubMed: 19324368]

LeBlanc AG, Chaput JP, McFarlane A, et al. Active video games and health indicators in children
and youth: a systematic review. PLoS ONE. 2013;8(6):e65351. doi:10.1371/journal.pone.0065351
[PubMed: 23799008]

Lu AS, Baranowski T, Hong SL, et al. The narrative impact of active video games on physical
activity among children: a feasibility study. J Med Internet Res. 2016;18(10):e272. doi:10.2196/
jmir.6538 [PubMed: 27742605]

McGuire S. Institute of Medicine. 2012. Accelerating progress in obesity prevention: solving the
weight of the nation. Washington, DC: the National Academies Press. Adv Nutr. 2012;3(5):708-9.
doi:10.3945/an.112.002733 [PubMed: 22983849]

Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity, diabetes, and obesity-related
health risk factors, 2001. JAMA. 2003; 289(1):76-9. doi:10.1001/jama.289.1.76 [PubMed:
12503980]

Norman AC, Drinkard B, McDuffie JR, Ghorbani S, Yanoff LB, Yanovski JA. Influence of excess
adiposity on exercise fitness and performance in overweight children and adolescents. Pediatrics.
2005;115(6):€690-6. doi:10.1542/peds.2004-1543 [PubMed: 15930197]

O’Donovan C, Roche EF, Hussey J. The energy cost of playing active video games in children with
obesity and children of a healthy weight. Pediatr Obes. 2014;9(4):310-7. [PubMed: 23630041]
Page A, Cooper AR, Stamatakis E, et al. Physical activity patterns in nonobese and obese children
assessed using minute-by-minute accelerometry. Int J Obes. 2005;29(9):1070-6. doi:10.1038/
sj.ij0.0802993

Page ZE, Barrington S, Edwards J, Barnett LM. Do active video games benefit the motor skill
development of non-typically developing children and adolescents: a systematic review. J Sci Med
Sport. 2017;20(12):1087-100. doi:10.1016/j.jsams.2017.05.001 [PubMed: 28600111]

Pate RR, Slentz CA, Katz DP. Relationships between skinfold thickness and performance of health
related fitness test items. Res Q Exerc Sport. 1989;60(2):183-9.
doi:10.1080/02701367.1989.10607435 [PubMed: 2489841]

Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines for Americans. JAMA.
2018;320(19):2020-8. doi:10.1001/jama.2018.14854 [PubMed: 30418471]

Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation and calibration of physical activity
monitors in children. Obes Res. 2002;10(3):150-7. doi:10.1038/oby.2002.24 [PubMed: 11886937]
Ramos-Jimenez A, Hernandez-Torres RP, Torres-Duran PV, et al. The respiratory exchange ratio is
associated with fitness indicators both in trained and untrained men: a possible application for
people with reduced exercise tolerance. Clin Med Circ Respirat Pulm Med. 2008;2:1-9.

Read JC. Validating the fun toolkit: an instrument for measuring children’s opinions of technology.
Cognit Technol Work. 2008;10(2): 119-28. doi:10.1007/s10111-007-0069-9

Pediatr Exerc Sci. Author manuscript; available in PMC 2020 May 11.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hwang et al.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 14

Robertson RJ, Goss FL, Boer NF, et al. Children’s OMNI scale of perceived exertion: mixed
gender and race validation. Med Sci Sports Exerc. 2000;32(2):452-8.
doi:10.1097/00005768-200002000-00029 [PubMed: 10694131]

Street TD, Lacey SJ, Langdon RR. Gaming your way to health: a systematic review of exergaming
programs to increase health and exercise behaviors in adults. Games Health J. 2017;6(3):136—46.
doi:10.1089/g4h.2016.0102 [PubMed: 28448175]

Sween J, Wallington SF, Sheppard V, Taylor T, Llanos AA, Adams-Campbell LL. The role of
exergaming in improving physical activity: a review. J Phys Act Health. 2014;11(4):864-70.
doi:10.1123/jpah.2011-0425 [PubMed: 25078529]

Timo J, Sami YP, Anthony W, Jarmo L. Perceived physical competence towards physical activity,
and motivation and enjoyment in physical education as longitudinal predictors of adolescents’ self-
reported physical activity. J Sci Med Sport. 2016;19(9):750-4. doi:10.1016/j.jsams.2015.11.003
[PubMed: 26671711]

Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer cut points for
predicting activity intensity in youth. Med Sci Sports Exerc. 2011;43(7):1360-8. doi:10.1249/
MSS.0b013e318206476e [PubMed: 21131873]

Unnithan VB, Houser W, Fernhall B. Evaluation of the energy cost of playing a dance simulation
video game in overweight and non-overweight children and adolescents. Int J Sports Med. 2006;
27(10):804-9. doi:10.1055/s-2005-872964 [PubMed: 17006803]

Wang JJ, Baranowski T, Lau WP, Chen TA, Pitkethly AJ. Validation of the Physical Activity
Questionnaire for Older Children (PAQ-C) among Chinese children. Biomed Environ Sci.
2016;29(3):177-86. [PubMed: 27109128]

Westerterp KR. Control of energy expenditure in humans. Eur J Clin Nutr. 2017;71(3):340-4.
doi:10.1038/ejcn.2016.237 [PubMed: 27901037]

Yu CCW, McManus AM, Au CT, et al. Appropriate scaling approach for evaluating peak VO,
development in Southern Chinese 8 to 16 years old. PLoS ONE. 2019;14(3):e0213674.
doi:10.1371/journal.pone.0213674 [PubMed: 30861055]

Pediatr Exerc Sci. Author manuscript; available in PMC 2020 May 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hwang et al.

Vector magnitude/10 s

Page 15

5000
4500
4000 l

3500
3000
2500
2000
1500

1000 I Y

» a0 m KN

Hip Wrist Hip Wrist Hip Wrist
Shape Up*

[ Normal weight

* m Overweight/obesity

Fruit Ninja* Kung-Fu”
Figure 1 —.

Upper- and lower-limb movement. Activity counts obtained from a hip- and a wrist-worn
accelerometers are presented for the three 10-minute interval exergames. Data are presented
as mean (SD). 2Significantly greater in Fruit Ninja versus Shape Up in wrist activity counts;
P< .01. bSignificantly greater in Kung-Fu versus Fruit Ninja in hip activity counts; < .01.
CSignificantly greater in Shape Up versus Fruit Ninja and Kung-Fu in hip activity counts; P
<.01. *P<.05.
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Time spent in intensities of exergaming by MET. Time spent in L (1.5-2.9 METSs), M (3-5.9

METS), and V (=6 METS) in normal and overweight/obese children for each of three 10
minutes of exergames. 1 MET is equal to the metabolic rate while sitting at rest. Data are
expressed as mean (SD). L, M, and V indicate light, moderate, and vigorous intensity,

respectively; MET, metabolic equivalent; MVVPA, moderate to vigorous physical activity. *P
<.05.**p< 01
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