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Abstract: Children with overweight/obese (OW/OB) have low physical activity (PA) levels and
excessive daily screen times. Although access to personal smartphones may complicate restricting
sedentary screen time, these devices may be used to promote PA and improve fitness. Therefore,
we aim to examine the impact of incorporating an exergame application (APP) into an existing
weight management program on BMI, physical activity, fitness levels, and attitude toward PA among
OW/OB children. Seventy-nine children (51% girls), median age 10 years, completed an established
5-month weight management program. The intervention included structured PA sessions (2/week),
nutritional, and behavioral counseling. An exergame app was installed on the smartphones of the
intervention group (APP, n = 32). BMI, physical fitness, PA level, and attitudes toward PA were
assessed before and after the intervention. BMI decreased (p < 0.0001) in both groups by 0.67 kg/m?
(Q1, Q3: —1.36-0.12). There were improvements in more fitness components in the APP group than
controls, with significantly greater improvements in aerobic fitness (p = 0.038), speed and agility
(p = 0.01), and leg strength endurance (p = 0.05) compared to controls. PA levels increased similarly
in both groups during the intervention period. The incorporation of an exergame application leads to
more significant improvements in fitness components. These findings support the use of exergame
apps to improve fitness in OW /OB children.
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1. Introduction

Over the last 30 years, childhood obesity has become a global epidemic [1,2] despite the
well-known links between obesity, chronic diseases, and health problems [3]. Its prevalence
in children and adolescents is rising [4]. According to the Organization for Economic
Cooperation and Development (OECD), 26% of boys and 24% of girls under the age of 20
are overweight or obese (BMI > 85th percentile) [5]. The rate of overweight children
increased from 20.5% to 31.4% across 35 OECD countries between 1990 and 2016. From the
2011HBSC survey [6,7] of Israeli children and adolescents in 6-10th grade: the prevalence
range for overweight (i.e., 85% < BMI < 95%) boys was 13.7% to 16% and for obese (i.e.,
BMI > 95%) boys was 13.7% to 17.6%. Thus, approximately 30% of the boys were above the
recommended range. Among 6-10th-grade girls, 8.9-12.8% were overweight and 4.8-8%
were obese, such that approximately 15% are above recommended range. About one in
four children in grades 7-12 at school are overweight or obese [8].

While numerous factors have been shown to affect children’s physical activity (PA),
such as parental and peer PA levels, ecological models show that built-up environments,
the lack of parks, recreational facilities, access to sidewalks and paths for walking and
cycling reduce opportunities for (PA), thereby promoting a sedentary lifestyle [9,10]. In

Children 2022, 9, 18. https:/ /doi.org/10.3390/ children9010018

https://www.mdpi.com/journal/children


https://doi.org/10.3390/children9010018
https://doi.org/10.3390/children9010018
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0002-4540-4039
https://doi.org/10.3390/children9010018
https://www.mdpi.com/journal/children
https://www.mdpi.com/article/10.3390/children9010018?type=check_update&version=1

Children 2022, 9, 18

20f11

addition, the parental and child perceptions of accessibility and safety of exercise facilities
for children were found to predict PA and body fat in children [11].

The World Health Organization recommends at least 60 min of moderate to high-
intensity aerobic exercise daily, 2-3 resistance workouts per week, and encouragement of
children to be as active as possible during the day [12].

The Cochrane review by Waters et al. [13] analyzed studies on a total of 27,946 children
(aged 6-12 years) participating in overweight intervention programs. They noted that
few programs caused a decrease in BMI. Considering the different durations, types of
intervention, and degree of parental involvement in the reviewed programs, it is difficult
to isolate the factors essential for success [13]. However, multidisciplinary approaches
combining dietary interventions increased PA, and behavioral strategies such as reducing
screen time have significantly lowered BMI [14,15]. Overweight and obese adolescents
have lower physical fitness levels and capabilities than their healthy peers. Physical fitness,
determined by strength and cardiovascular abilities, are important health markers, which
may predict risk for cardiovascular diseases [16-18]. Hence, fitness indicators such as
aerobic capability and muscle strength are an important part of program evaluation and
can be used to help establish goals for interventions in children.

Technological developments influence how children spend their leisure time [19].
According to the American Academy of Pediatrics (AAP), children aged 8-18 years spend
about seven hours a day watching TV or using computers and mobile phones [20]. Restrict-
ing technology use has been recommended to create a more active lifestyle [21]. However,
smartphones have become very popular among youth. For example, about 31% of Ameri-
can children aged 8-10 years, 69% aged 11-14 years, and 85% aged 15-18 years have their
own smartphone [20]. In 2017, 89.5% of people over age three had smartphones in South
Korea [22,23]. Thus, reducing screen time becomes challenging.

A strategy that employs and takes advantage of the available technologies to promote
health [24-27] may be useful in promoting PA [26], and various programs worldwide use
available technology to create active and physically challenging games (exergames) that
encourage PA [28] Exergames have been found to promote physical activity, specifically
among children with chronic conditions [29,30]. Incorporating such games in programs
for children with overweight or obesity (OW/OB) may result in a greater reduction in
BMI, higher adherence to PA [31], improved self-esteem [32], and a reduction in sedentary
screen time [33]. However, as concluded by a recent meta-analysis aimed to assess the
possible role of exergames in reducing weight-related outcomes among OW /OB children,
clear evidence about the effectiveness of exergames in determining weight loss in pediatric
obesity is still lacking [26]. In addition to the established benefits of exergames, motivation
to participate in PA is necessary to create lasting behavioral changes. Enjoyment, interest,
self-efficacy, and gratification contribute to internal motivation [34,35]. Exergames are
considered by children as fun, interesting, visually attractive, interactive, challenging,
and satisfying [36], which may increase activity. Moreover, exergames divert the child’s
attention from how their bodies are perceived by others during PA to the motor activity
of the game itself [37]. Sensors can assess exercise intensity by incorporating heart rate
monitors [38], accelerometers [39], GPS technologies [40], and systems that enable social
interaction and may also increase enjoyment.

The advantages of an exergame smartphone app include its relatively low cost, acces-
sibility, the ability to regularly update online, and its perception as attractive by children.
However, the benefits of using exergaming for weight management in children and ado-
lescents remain unknown. In a previous meta-analysis aimed to determine the impact
of exergaming on weight loss in this population, no differences were found compared to
controls [41].

In this study, we aimed to examine the impact of integrating a smartphone PA ex-
ergame application into an established weight management program for children with
OW /OB on various outcomes including, BMI, physical fitness, PA participation, and atti-
tudes toward PA, in order to determine whether exergame apps can be used as a tool to
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promote additive changes in behavior and increase physical activity. We hypothesized that
integrating an exergame app into the program would promote changes in behavior and
increase physical fitness.

2. Materials and Methods
2.1. Study Design and Procedure

The study was approved by the Ethics Committee of the Health Organization number
0067-16-BBL. Prior to the intervention and after a detailed explanation, ninety-five partic-
ipants and their parents signed an informed consent form. Participant BMI was >85th
percentile for age and sex, with no medical conditions restricting PA, and all participants
had access to smartphone. Maccabi Health Organization provided a 5-month weight man-
agement program for children and adolescents, and 3 centers were involved in the current
study. In two centers, the exergame APP was incorporated in rotating consecutive cycles
of the program. That is, cohorts were assigned consecutively to the control group, then to
the app (intervention) group. In the third center, the exergame was not incorporated, and
those treated at this center were included in the control group (see Figure 1).

Allocation n=95
L 2 y v
Center 1 Center 2 Center 3
n=31 n=31 n=33
Control Intervention
n=54 n=41

y

Analysed (n=47) Analysed (n=32)

Excluded from analysis (2= 7) Excluded from analysis (7= 9)
Cease participation in the program Cease participation in the program

Figure 1. Study flow diagram.

2.2. Participants

All participants were enrolled in the five-month weight management program in one
of the 3 Maccabi centers after referral from their family physician or dietitian. Out of the
95 children registered in the program and agreeing to participate, data from 16 individuals
(7 controls and 9 app group) were excluded from analysis due to failure to complete the
program. Data from 79 children were included in the final analysis.

2.3. Interventions Protocol

The program included twice-weekly, hour-long group PA sessions led by a fitness
trainer, 3-5 group nutritional consultation sessions with a dietitian, 12-13 parent group
sessions with a dietitian and a social worker, a healthy cooking workshop, and a combined
children-parents PA session. In addition, each child had 2-3 one-on-one sessions with a
dietitian and two consultations with a physiotherapist to set individual PA goals.

The PA sessions typically included cardiovascular endurance, muscle strength, speed
and agility, coordination, balance, and flexibility exercises. Participants had approximately
50 contact hours during the program.

The intervention group (APP) took part in the program described above and had
unrestricted access to PA apps “Just Dance Now” and “Motion Sports”, which were
installed on their smartphones. One of the weekly PA sessions included a group activity
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using an app. The “Just Dance Now” app consists of various dance moves accompanied
by music, and points are awarded for following the movements of a virtual figure. In the
“Motion Sports” app, four sports activities (swimming, running, skiing, and soccer) are
available. Motion technology detects the players’ movements and their moves compared
with those of the on-screen characters. In addition, there are items to collect during the
game to boost scores.

All participants received a weekly text message encouraging them to be active for
at least an hour a day. The APP group was also encouraged to use the apps on their
smartphone. Participants were asked to record the number of minutes they were active after
each activity and send a message every Sunday morning using the application “WhatsApp”
with total PA time and intensity (1—easy, 2—medium, 3—hard).

At the beginning of the program, anthropometric measurements were taken, and
self-report questionnaires to evaluate weekly PA levels and attitudes toward physical
activity were completed by the children, with help provided by the physical therapist or
parent, if needed. The participants were familiarized with the fitness test procedures one
week prior to assessment. Assessment included tests of speed and agility, strength and
coordination, and aerobic components, which were performed at the beginning and end
of the intervention program. Attendance at group sessions was recorded as an indicator
of compliance.

2.4. Measurements

All measurements were taken at the beginning of the program and repeated at the
end of the five-month intervention, in the same order. No adverse events related to the
intervention were reported.

2.4.1. Anthropometric Measurements

Anthropometric measurements were taken by the same clinical staff member at each
participating center. Participants were barefoot, weight (kg) and height (cm) were measured
using a standard scale and a stadiometer (Health O Meter), and BMI was calculated. BMI
percentage was defined by the Cole criteria [42].

2.4.2. Fitness Tests

All the fitness tests included in the study were field-based and easy to conduct,
allowing the assessment of a variety of fitness components. Fitness tests were performed
by the same physical therapist (R.K.) and fitness instructor for all groups.

Agility was evaluated using the Shuttle Run 4 x 10 m, which has been found to be
a valid and reliable test for children and adolescents [43]. Participants were asked to run
10 m in one direction and then return as quickly as they could four times; the time for
completing the entire run was recorded.

Leg power performance was evaluated using the two-legged Standing Long Jump
Test [44]. The participants were instructed to jump as far as possible twice. The longest
jump distance was recorded and used for analysis. This test is considered a valid and
reliable fitness test in children and adolescents [44,45].

Muscle endurance for lower extremities was tested using the Wall Sit Test [46]; during
the test, the participants squatted with their backs against the wall (hips and knees at 90°),
and hands crossed over their chest, then lifted and held one foot 5 cm off the ground for as
long as possible. The sum of 2 times per leg was recorded and used for analysis.

Hand-eye coordination was assessed using the Hand Wall Toss Test [47]. The children
were asked to stand 2 m from a wall and throw and catch a tennis ball as many times
as possible in 30 s. This test is valid and reliable as part of the battery of tests for child
movement assessment [47].

Maximal grip force was measured using a hand dynamometer (Jamar) [43] with the
elbow flexed at 90 degrees. The test was repeated twice in each hand; the average score
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was calculated and used for analysis. High-reliability coefficients have been reported for
this test in children 6-12 years old [48].

Aerobic fitness: was assessed using the 20 m Yo-Yo Test, as described previously
by Léger [49]. Total distance run was calculated. The Yo-Yo Test is considered to be
reproducible and may be used as an indicator of aerobic fitness for children under 10 years
of age [50].

2.4.3. Questionnaires

All questionnaires were completed by the children, with assistance provided by the
physical therapist or parent, as needed.

Physical Activity Questionnaire for Children (PAQ-C) was used to evaluate weekly
PA levels. The PAQ-C includes 9 items. Children were asked to recall their participation in
activities over the last 7 days. Value from 1 to 5 was given for each of the 9 items. The mean
value of these 9 items is the final PAQ-C activity summary score [51]. PAQ-C has been
reported to have excellent content validity, acceptable inter-item reliability, and a moderate
to suitable strength of inter-rater agreement [52].

Attitude toward physical activity was evaluated using the “Behavioral Regulation
in Exercise Questionnaire” (BREQ-2), previously used with adolescents [53]. The ques-
tionnaire comprises 19 items relating to five motivation types: amotivation (e.g., “I don’t
see the point in being physically active”), external regulation (e.g., “I am physically active
because other people say I should”), introjected regulation (e.g., “I feel guilty when I'm not
physically active”), identified regulation (e.g., “I'm physically active because I value the
benefits of physical activity”) and intrinsic motivation (e.g., “I'm physically active because
it’s fun). Each item is measured on a five-point Likert scale, from 0 ("Not true for me’) to
4 (“Very true to me’). The mean of the 5 subscales is calculated for each motivation type
separately. The Relative Autonomy Index (RAI) is calculated by weighting each subscale
and summing the weighted scores: (amotivation multiplied by —3) + (external regulation
multiplied by —2) + (introjected regulation multiplied by —1) + (identified regulation
multiplied by 2) + (intrinsic regulation multiplied by 3). The minimum score for the RAI is
—24, and the maximum score is +20. Higher scores for the RAI indicate more autonomous
motivation, whereas lower scores indicate less autonomous motivation. The questionnaire
has been validated for use in obese pediatric populations [54].

2.5. Statistical Analyses

Statistical analyses were performed using SAS (version 9.4). Normality was tested us-
ing the Shapiro-Wilk test, which indicated that our outcomes were not normally distributed.
Therefore, data are expressed as median (Q1, Q3). To test the differences within the group
(pre, post) signed rank test was used. In order to evaluate the effects of implementing the
exergame app, delta (post-pre) was calculated for each variable, and the Wilcoxon test was
used to examine differences between groups. Statistical significance was set at p < 0.05.

3. Results

A total of 79 children (40 girls (51%); 39 boys (49%)) completed the study. There
were 32 (16 girls (50%); 16 boys (50%) children in the APP group and 47 (24 girls (51%);
23 boys (49%)) children in the control group. Age was significantly different between
the groups; the APP group participants were younger (p = 0.05) with a median age of
9 years (Q1, Q3: 8.0, 10.0) compared to the control group with a median age of 10 years
(Q1,Q3: 8.0, 11.0).

3.1. Anthropometric Measures

Anthropometric measures are presented in Table 1. No differences between the groups
were found in the anthropometric measures pre and post intervention (see Table 1). After
the intervention, body mass was maintained in both groups, while height increased by
approximately 2 cm and BMI decreased by 0.67 kg/m? (Q1, Q3: —1.36-0.12) kg/m?) for the
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whole cohort (S = 934.5, p < 0.0001) (APP S =129, p < 0.0090, Con S = —377.5 p < 0.0001). No
difference was found in BMI% change between the groups, while median BMI% remained
high (99%), and only 15 participants (6 from the APP group) demonstrated a decrease in

BMI percentile.

Table 1. Participant’s physical characteristics before and after the weight management program.

. APP Control
Variable (n=32) (n=47)
Pre Post oy Pre Post _
Median Median Wlﬂtl‘legur sup Median Median Wlti;zl_géo:lp
(IQR) (IQR) P (IQR) (IQR) i
Height 1415 142.0 147.0 148.3
(cm) (18.50) (21.10) <0.0001 (15.00) (14.40) <0.0001
Weight 46.8 47.5 NS 55.5 55.6 NS
(kg) (18.20) (21.40) (23.30) (23.50)
BMI 254 23.3 26.0 253
(kg/m?) (4.19) (5.24) 0.009 (4.20) (4.44) <0.0001
. 99 99 99 99
BMI percentile (0.00) (2.00) NS (0.00) (2.00) NS
IQR—interquartile range; NS—not significant; * signed rank within group.
3.2. Fitness Components
Table 2 presents fitness results pre and post intervention and the delta between these
time points (post-pre). At pre intervention, measurements the control group was achieved
higher aerobic (distance at the Yo-Yo Test) and higher grip force compared to the APP group
(Table 2).
Table 2. Fitness tests pre and post intervention and the change post intervention (A = post-pre) in
both groups (APP; control).
APP Control Between
n=32 n=44 Group #
Pre Post A Pre Post A A
Variable Median Median Median Median Median Median value
(IQR) (IQR) (IQR) (IQR) (IQR) (IQR) P
Y?:;j‘%: . 200.0 # 240 ** 60.0 240.0 240.0 20.0 0.038
() (100.00) (110.0) (100.00) (160.00) (170.00) (160.00) :
4x10m 13.5 12.6 ** —-0.9 14.1 13.5* 0.3 0.010
(sec) (3.60) (2.62) (1.13) (2.76) (1.87) (1.44) ’
Wall Sit-Up 242 41.4* 14.9 25.0 29.3 3.8 0.050
(sec) (26.68) (26.61) (22.26) (19.35) (26.10) (17.04) ’
Standing Long Jump 101.5 100 -5.0 111.0 105.0 4 0.37
(cm) (21.00) (21.50) (21.50) (26.00) (21.00) (24.00) ’
Hand Grip 125# 13.8* 1.0 16.50 17.0 0.5 0.40
(kg) (11.75) (12.75) (2.25) (7.00) (6.75) (3.00) ’
Hand Wall Toss Test 8 12.5** 3.0 7.0 11.0* 2.0 018
(# catches) (8.00) (11.50) (7.50) (16.00) (10.00) (5.00) '

IQR—interquartile range; A = post-pre change intervention; * signed rank within group p < 0.005, ** <0.001;
# Wilcoxon two-sample test between group p < 0.05.

APP group improved in most fitness tests: Aerobic component tested by Yo-Yo running
distance (p < 0.0001), speed and agility tested by 4 x 10 m run (p < 0.0001), leg strength
endurance measured by wall sit-up test (p = 0.0002), handgrip using a dynamometer
(p = 0.0029), hand-eye coordination measured by Hand Wall Toss Test (p < 0.0001).

The control group only showed improvement in the 4 x 10 m run (p = 0.0016) and
Hand Wall Toss Test (p = 0.03). Comparison of the changes (deltas) following the 5-month
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intervention between the groups revealed that: Yo-Yo running distance, 4 x 10 m, and wall
sit-up test improved to a greater extent in the APP group.

3.3. Attitude toward Physical Activity

Attitude toward PA was measured by BREQ-2. The pre-intervention score of the
intrinsic regulation component was lower in the control group compared to the APP group
(APP median 3.8 (Q1, Q3; 3.0, 4.0), control, median 3.0 (Q1, Q3; 2.3, 3.7), p = 0.013). The
control group improved significantly in their RAI BREQ score (pre 9.8 (Q1, Q3; 4.5, 12.5)
post 11.4 (Q1, Q3; 4.5,12.5) S = 210 p = 0.01). The differences in the APP group (pre 10.3
(Q1,Q3;5.3,13.6) Post 11.3 (Q1, Q3; 7.3, 13.8) S = 37 p = 0.384) were not statistically signifi-
cant. Comparison of the delta changes flowing the intervention revealed non-significant
differences between the groups

3.4. Program Compliance and Self-Reported Physical Activity

Compliance: An attendance of 74.4% was observed in PA sessions, with no differences
between the groups. During the program, APP reported higher training intensity (mean
score of 2.2 points out of 3) than controls (1.88 points) (p = 0.046). The average weekly
physical activity duration was 349 + 168 min, with no difference between the groups. Dur-
ing the intervention period PAQ-C questionnaire score improved by 1.2 points (maximum
score is 5 points) in both groups (APP, pre median score 2 (Q1, Q3; 1.7, 2.7) Post median
score 3.3 (Q1, Q3; 3.0, 3.6) S = 205.5 p < 0.0001; control pre median 1.6 scores (Q1, Q3; 1.3,2.1)
post median score 3.2 (Q1, Q3;2.7,3.9) S = 509.5 p < 0.0001).

4. Discussion

The multidisciplinary weight management program resulted in weight maintenance
in both groups, with a decrease in BMI. However, the overall BMI percentile remained
high. Incorporating the exergame app led to improvements in most of the tested physical
fitness components, specifically aerobic, speed and agility, and leg muscle endurance. The
integration of the app did not lead to a more significant decrease in BMIL Since body
mass is expected to increase due to growth and development, the fact that BMI remained
unchanged, or even slightly decreased, can be considered a success. The effectiveness of
multidisciplinary programs in children with OW /OB was addressed in a meta-analysis,
which concluded that there was often no decrease in BMI [55]. For example, Hoffman [56]
compared standard treatment by a pediatrician with a community-based PA intervention
that included additional weekly access to PA classes for six months in children aged
5-11 years, with BMI > 95%, and reported that BMI did not decrease in either group [56].
On the other hand, Nemet et al. (2014) reported decreases of 1.2 kg and 1.3 kg/m? in
BMI after three months of a multidisciplinary program in 10-year-old children [57]. The
latter program included three weekly PA sessions and a customized menu consisting of
1200-2000 kcal daily or a 15-30% reduction in daily reported consumption. In the current
study, the children participated in two weekly exercise sessions and had a general menu
with no carbohydrate restrictions. It is important to mention that a significant decrease in
weight is needed in order to demonstrate a reduction in BMI when the BMI percentile is
>95. Such a significant weight decrease was not the current study’s purpose and may not
even be recommended in children [58].

Staiano et al. (2017) examined the influence of exergaming on body composition in ado-
lescent girls with OW/OB. In agreement with our findings, they showed that 12 weeks of
self-selected dance-based exergames reduced subcutaneous abdominal adipose tissue (mea-
sured by MRI), attenuated fat gain but was not sufficient to decrease BMI percentile [59].
However, 24 weeks of intervention with a home-based exergame coupled with telehealth
fitness consulting [60] improved children’s (10-12 years of age) BMI z-score and physical
activity level compared to the control group who were asked to maintain their normal level
of physical activity. One potential explanation for the relative success of this intervention is
the telehealth fitness coach that increased motivation to exercise and promoted self-efficacy.
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The association between poor physical fithess and obesity in children has been reported
extensively [61]. We found that integration of the exergame app into the program improved
some fitness components: aerobic endurance, leg muscle endurance, and 4 x 10 m running
speed compared to controls. This improvement may be related to the higher training inten-
sity reported by the children in this group. Physical activity improves lifestyle and health,
maintains weight loss, and contributes to self-confidence and a sense of competence [62].
Furthermore, PA during childhood helps to establish a pattern of participation in PA later
in life [63].

The PAQ-C questionnaire was designed to assess physical activity levels [64], and
despite extensive use, no norms have been determined to quantify the degree of change in
reported activity levels. For example, Chen et al. (2008) defined PAQ < 2 as low activity
level, 3 > PAQ > 2 as medium activity level, and PAQ > 3 as highly active [65], based on
this, the children in our study moved from low activity levels to high activity levels at the
end of the intervention, regardless of the study group.

Motivation to participate in PA is one of the most important factors for predicting
current and future PA levels [66]. According to self-determination theory, three factors
influence the decision to participate in PA: lack of motivation, external motivation, and
internal motivation, and there are three psychological needs that an intervention must
respond to in order to enable behavioral change: autonomy and choice, sense of success and
a sense of belonging and acceptance [67]. Children with overweight and obesity commonly
demonstrate higher levels of external motivation and low levels of internal motivation to
participate in PA [68]. Since exergames reportedly increase the feeling of autonomy and
internal motivation [69].

We assumed that the incorporation of the App would enhance internal motivation
to exercise, but we found no improvements. Total BREQ score increased following the
intervention and only reached statistical significance in the control group. Compared
to the study by Verloigne [54] that used the same questionnaire in children with obesity
that participated in an obesity treatment program, our cohort was more motivated at the
beginning of the study (9 vs. 5); however, both studies demonstrated an improvement of
approximately 2 points.

Our research is not free of limitations. The APP group had greater improvements in
certain components of physical fitness. However, it is possible that a more sophisticated
app that quantifies user effort, provides feedback, and encourages communication between
users may yield even better results. There were no changes in BMI percentile in our
participants. It is possible that if more sensitive measurements, such as waist-to-height
ratio or waist circumference, were used, we would have been able to detect the effects of
the intervention. In addition, PA behavior and intensity were not measured objectively and
may be over-estimated by self-report; nevertheless, this potential bias was similar in both
groups. Finally, the degree of app use and user satisfaction were not assessed. Notably, the
study was conducted within a real-life clinical setting rather than a lab-based design. Thus,
it can be argued to have ecological validity.

5. Conclusions

The multidisciplinary weight management program resulted in weight maintenance
and improved physical activity behavior and fitness. The integration of an exergame app
into an established multidisciplinary program was advantageous, as noted by improved
results in physical fitness.

Since the use of smartphones has increased, and in view of the fact that appropriate
strategies for increasing physical activity among children with OW /OB are needed, the
use of more sophisticated applications that combine effort information, feedback, and
interpersonal communication should be examined.
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