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Abstract

Purpose: This systematic review aimed to examine the effects of active video games (AVGs)
on physical activity (PA) among overweight and obese adolescents while considering the
physical, psychological, and physiological determinants that may influence PA within diverse
settings. The primary objective was to ascertain the effectiveness of AVGs in promoting PA
among this specific population. Method: The Preferred Reporting ltems for Systematic
Reviews and Meta-Analyzes Statement guidelines were used to search the PubMed, SCOPUS,
EBSCOhost (SPORTDiscus), and Web of Science databases for studies published in the last 10
years (2011-2021). Keywords related to physical activity, being overweight or obese, and
teens were used. From the 833 studies, 15 fulfilled all eligibility criteria and were included in
this review. Results: The study results revealed that AVGs could effectively reduce sedentary
behaviour and screen time. However, the results of PA, moderate-to-vigorous physical activity
(MVPA), and relevant physiological variables (e.g., energy expenditure, VOzmax) are still
unclear because of design problems, measurement issues, and other methodology concerns.
However, the results of psychological variables (e.g., self-efficacy towards PA, intrinsic
motivation) affecting PA are clear, and AVGs can effectively improve the psychology of
participants. Conclusion: Findings confirmed AVGs as a promising addition to promoting PA
and health. Though it may not be wise to use it alone as the ultimate means to achieve the
goal, it may have an ideal effect if other elements are integrated, such as the participation of
peers or parents, or combined with traditional exercise.

Keywords: Physical Activity, Overweight, Obese, Adolescents, Energy Expenditure, Self-
Efficacy
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Introduction

Adolescent overweight and obesity are global public health concerns, with a prevalence
reaching nearly 10% worldwide (Gupta et al., 2012). This rise is alarming because overweight
and obesity in adolescents increase the risk of chronic health issues, including cardiovascular
diseases and obesity-related complications in adulthood (Yuca et al., 2017; Llewellyn et al.,
2016). The adolescent period is a critical window for intervention because it is one of the most
rapid phases of human development, marked by both physical and psychological transitions
(WHO, 2020). Adolescents face various challenges such as low self-esteem, academic
difficulties, and even suicidal tendencies (Choo et al., 2017), which can be exacerbated in
overweight and obese individuals. These adolescents are also vulnerable to social rejection,
bullying, and discrimination, which often result in a lack of motivation to engage in physical
activity (Stangl et al., 2019).

Given that adolescence is a formative period for developing lifelong habits, interventions
targeting physical activity are particularly crucial at this stage (Brown et al., 2015). This age
group is in a transition from being heavily influenced by parents and schools to being shaped
by peers and media. Promoting physical activity (PA) during this phase can help establish
behaviors that reduce the risk of obesity and foster better psychosocial outcomes, which can
be maintained into adulthood.

The WHO (World Health Organisation, 2018) emphasizes that regular PA is a highly effective
means of preventing overweight and obesity in adolescents, recommending at least 60
minutes of moderate-to-vigorous physical activity (MVPA) per day. However, global data
shows that most adolescents fail to meet this recommendation (Guthold et al., 2020), due to
a variety of factors such as a preference for sedentary indoor activities, limited time, unsafe
environments, and a lack of motivation or social support (WHO, 2019). The increasing amount
of time adolescents spend using electronic devices like televisions, computers, and mobile
phones has contributed significantly to physical inactivity (Alturki et al., 2020).

In response to this challenge, the development of Active Video Games (AVGs) offers a unique
opportunity to tap into adolescents' interest in screen-based entertainment while promoting
PA (Shephard, 2015). Unlike traditional video games, AVGs require physical movement,
making them a potential tool for combating obesity and promoting physical fitness. Research
has shown that AVGs can induce sufficient levels of MVPA, positively affecting weight
management, psychological well-being, and physical fitness (Zeng & Gao, 2016). Some AVGs,
like biking simulations, have been found to elevate players' heart rates to levels comparable
to high-intensity training, demonstrating their effectiveness as exercise alternatives (Moholdt
et al., 2017). Moreover, different AVG activities, such as boxing, running, and dancing, vary in
intensity, offering diverse options for players to engage in PA based on their preferences and
fitness levels.

While AVGs hold promise, their utility as a tool for PA promotion is sometimes questioned.
Critics argue that commercial AVGs are primarily designed for entertainment rather than to
meet PA intensity guidelines (Beaudoin, 2012). As a result, many adolescents playing AVGs
may not achieve the recommended MVPA levels (e.g., Wii Sports, Wii Fit, Dance Revolution,
Xbox Kinect).
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Given these mixed findings, it is critical to systematically assess the effectiveness of AVGs in
promoting PA, particularly in overweight and obese adolescents, who are at a higher risk for
inactivity and related health issues. The social-ecological model, which considers the
interaction between individuals and their environment (Golden & Earp, 2012), provides a
comprehensive framework for understanding the various factors influencing PA. Previous
reviews and meta-analyses (Gao & Chen, 2014; Gao et al., 2015) have explored AVG
interventions for children and adolescents but have often lacked a strong theoretical
foundation or have included normal-weight populations, which introduces heterogeneity in
the results.

This systematic review, guided by the socio-ecological model, seeks to evaluate whether AVGs
can effectively promote PA among overweight and obese adolescents. By considering
physical, psychological, and environmental determinants of PA across multiple settings, this
study aims to provide a clearer understanding of how AVGs can be utilized to support
healthier lifestyles for this at-risk population and identify future directions for research and
intervention design.

Methods

Protocol and Registration

The review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Moher et al., 2009) throughout the process of selecting,
collecting, and analyzing data. Furthermore, the review was prospectively registered on the
International Prospective Register of Systematic Reviews with the registration number
INPLASY202210128, ensuring transparency and accountability in the systematic review
process, available at https://inplasy.com/. This indicates that the review adhered to
established reporting standards and was pre-registered to enhance transparency and
credibility in the research process.

Search Strategy

The literature search for this review utilized four international databases: SCOPUS, PubMed,
EBSCOhost (SPORTDiscus), and Web of Science. The search was conducted on August 10,
2021. In each database, a title search was performed using a predefined combination of
keywords to identify relevant studies for inclusion in the review: ("exergame*" OR "active
video game*" OR "interactive game*" OR "exercise video game*" OR "new generation
computer game*") AND ("child*" OR "adolescent*" OR "student*" OR "youth" OR "juvenile*"
OR "teenager*" OR "youngster*" OR "kid*") AND ("overweight and obese" OR "obesity") AND
("physical activity" OR "fitness" OR "exercise" OR "motor activity" OR "energy expenditure"
OR "sedentary" OR "heart rate" OR "energy metabolism" OR "enjoyment" OR "adherence"
OR "motivation" OR "screen-time" OR "motor behaviour*"). In addition to the studies
included in the review, we conducted a comprehensive search for relevant articles by
exploring the reference lists of these studies. We also examined the reference lists of previous
related reviews to ensure a thorough coverage of the literature. This involved a manual search
of all titles for potential inclusion. Furthermore, we retrieved reference lists from the papers
obtained, author names, and review articles to identify any additional relevant citations that
might contribute to the overall understanding of the topic.

Eligibility Criteria
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The inclusion criteria for this review were established using the PICOS (population,
intervention, comparison, outcome, study designs) framework, as detailed in Table 1. The
search was restricted to English-language articles published between 2011 and 2021. Only
records that investigated the effects of active video games (AVGs) or exergames on physical
activity (PA) were considered for inclusion, and explored the physical, psychological, and
physiological determinants influencing PA in overweight and obese adolescents (aged 8-18
years) were considered for inclusion. Studies meeting the following criteria were included in
the analysis:

(1) A comprehensive, peer-reviewed study published in English is sought, detailing the
implementation of Active Video Games (AVGs) in overweight and obese adolescents. The
study's focus should encompass the investigation of AVG interventions on physical activity,
incorporating diverse study designs such as randomized controlled trials (RCT), non-
randomized controlled trials (Non-RCT) involving two or more groups, and single-group trials
with a pre- and post-test design.

(2) Studies on planned and organised AVG interventions to improve PA or some factors that
promote PA (i.e., psychological and physiological variables);

(3) Studies investigating the effects of AVGs on PA among overweight and obese adolescents

and using quantitative methods to assess at least one PA-related or promoting PA outcome;

and

(4) No constraints were imposed on the sample size, study location, or intervention duration

for the studies that were incorporated.

On the other hand, studies were excluded if they met the exclusion criteria:

(1) Meeting abstracts, case reports, and short communications in languages other than

English;

(2) Interventions focusing solely on counselling for AVG implementation; and

(3) Studies comprising only normal or underweight children.

TABLE 1
Inclusion criteria according to the PICOS conditions
Items Detailed inclusion criteria
Population Overweight or with obesity adolescents (8-18years old)

Intervention Active video games

Comparison Two or more groups and single-group trials

Outcome Functional fitness, energy expenditure(EE), heart rate (HR), maximal
oxygen consumption (VO;max), METs, PA levels, rate
of perceived exertion (RPE), body composition, weight circumference and
cardiovascular fitness, intrinsic motivation, enjoyment, liking, situational
interest, self-efficacy, self-worth, attitudes, intention.

Study design RCT or Non-RCT

Study Selection

The retrieved studies were imported into Mendeley Reference Management Software to
remove duplicates. An experienced librarian first assisted with the search strategies.

Second, the initial screening of identified articles was conducted by three independent
reviewers (Mai, Qi, and Wang), who assessed the titles and abstracts to identify pertinent
studies, an initial screening phase was conducted, during which irrelevant materials were
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eliminated from the database. Following this, all remaining titles and abstracts underwent
assessment using pre-established inclusion and exclusion criteria. Articles that passed this
screening and entered the qualitative synthesis underwent a thorough examination of the
entire text. If the full text was not available for certain items, they were excluded. In cases of
disagreements, the fourth, fifth, and sixth authors (Soh, Saad, and Lam) were consulted until
a consensus was reached, ensuring the rigor of the review process.

Data Extraction and Quality Assessment

Following the conclusion of the data search, information from eligible studies was gathered
using a pre-established extraction form. This form systematically captured key details,
including (1) author, publication year, and study location; (2) sample characteristics,
encompassing the number of participants, their age, and gender distribution; (3) a
comprehensive description of the intervention, design, duration, and specific characteristics;
(4) the measure index employed in the study; and (5) the outcomes of the research. The
authors Mai, Qi, and Wang abstracted information into the standard form, and the others,
Soh, Saad, and Lam, checked it.

The design quality analysis of the AVG intervention studies was calculated using the 10-item
scale in Table 3. Specifically, each item was rated as “yes”(1), “no”(0), or “not
applicable(N/A).” In accordance with previous studies (Peng et al., 2013; Van Der Horst et al.,
2007), the authors individually assessed the research design quality of each study using a 10-
item scale. A design quality score, ranging from 0 to 10, was calculated by summing up the
favorable rates for each item. High quality was defined when a Randomized Controlled Trial
(RCT) or controlled trial scored above the median score of 5.5.

Results

The search results underwent screening and evaluation based on formulated inclusion and
exclusion criteria in the literature. This systematic review comprises 15 articles encompassing
Randomized Controlled Trials (RCT) and Non-Randomized Controlled Trials (Non-RCT)
investigating the effects of Active Video Games (AVGs) on physical activity (PA) among
overweight and obese adolescents. They were published between the years 2011 and 2021.
Table 2 summarises the characteristics of these studies.

Study Selection

Figure 1 illustrates the flowchart of record selection. A total of 833 potential articles were
identified through the electronic database search (99 from PubMed, 165 from SCOPUS, 387
from EBSCOhost (SPORTDiscus), and 182 from the Web of Science). Following the exclusion
of duplicates (83), the title and abstract of 750 articles were evaluated for eligibility. Articles
excluded for missing (576): no AVG (458); review paper (64); not experimental design (29);
only abstract or not in English (25). After eliminating the 576 articles, the remaining 174
articles were subsequently read, and 159 articles were eliminated according to inclusion
criteria, ultimately leaving 15 relevant articles that satisfied the inclusion criteria in the
review.
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Records identified through database
searching(n=833)

Additional records identified through

other sources

(n=15)

Figure 1 PRISMA flow chart of the study selection process
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Population Characteristics
The population characteristics of the 15 included studies were reported in accordance with
the following aspects:

(1) Nationality of participants: In the included studies, only two articles reported its
participants in New Zealand (Maddison et al., 2011; Maddison et al., 2012), ten articles
reported their subjects in the USA (Maloney et al., 2012; Wagener et al., 2012; Trost et al.,
2014; Christison et al., 2016; Staiano, Marker, et al., 2017; Staiano, Beyl, et al., 2017; Ae et al.,
2018; Staiano et al., 2018; Hwang et al., 2019; Majaj et al., 2021); two articles reported their
participants in South Africa (Van & Longhurst, 2012; Biljon et al., 2021), one article reported
its subjects in Singapore (Li et al., 2014);

(2) Sample size: These fifteen studies consisted of 1352 subjects, ranging from 20 (Majaj et
al., 2021) to 322 (Maddison et al., 2011; Maddison et al., 2012) participants, with a median of
46 (Staiano et al., 2018) and a mean of 90.1;

(3) Gender: Three of the fifteen studies focused on girls (Staiano, Beyl, et al., 2017; Ae et al.,
2018; Staiano et al., 2018), and the subjects in the remaining twelve studies were mixed male
and female;

(4) Age: All studies reported the subjects' age range. Seven studies reported that the subjects’
age range was from 8 to 12 years; three of those seven studies reported that the minimum
age of subjects was nine years; and one study reported that the minimum age of subjects was
10 years old. Two studies reported that the subjects' age range was 10 to 14 years old. Two
studies reported that the subjects' age range was from 9 to 17 years old; one of them reported
that the minimum age of subjects was 11 years old. Four studies reported that the subjects'
age range was from 12 to 18 years, and three of those four reported that the minimum age
of subjects was 14 years old.

Interventions Characteristics

The intervention characteristics of these fifteen studies were reported based on the following
aspects:

(1) AVG mode: Only four studies (Staiano, Marker, et al., 2017; Staiano et al., 2018; Staiano,
Beyl, et al., 2017; Ae et al., 2018) used multiplayer game mode, and their gaming partners are
peers or siblings. The rest of the studies used single-player mode.

(2) Experimental setting: Among the 15 studies, one was conducted (Li et al., 2014) in a school
setting, five were conducted (Maddison et al., 2011; Maddison et al., 2012; Maloney et al.,
2012; Trost et al., 2014; Staiano et al., 2018) in the home setting, eight (Wagener et al., 2012;
Van & Longhurst, 2012; Staiano, Marker, et al., 2017; Staiano, Beyl, et al., 2017; Ae et al.,
2018; Hwang et al., 2019; Biljon et al., 2021; Majaj et al., 2021) in a laboratory setting, and
one (Christison et al., 2016) in a community.

Outcomes

In the present study, a systematic grouping approach was employed to categorise the effects
of AVGs on PA among overweight and obese adolescents based on the outcome measures.
Each author independently classified the identified papers according to their focus on either
PA or the physiological and psychological factors influencing PA outcomes. In instances of
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disagreement, consensus was reached through thorough discussions involving all authors.
This rigorous process ensured the accuracy and reliability of the categorization of studies
within the study.

Effects of School-Based AVGs on PA

Out of the fifteen studies incorporated in this systematic review, only one provided
conclusions regarding the impact of school-based Active Video Games (AVGs) on physical
activity (PA). The study conducted by Li et al. (2014) investigated the effects of visual cues,
employing the Proteus effect as a framework. The Proteus effect, proposed by Yee &
Bailenson (2007), suggests that the visual characteristics and traits of an avatar are associated
with specific behavioral stereotypes and expectations. According to this concept, individuals
may engage in behaviors they believe others expect from them based on the appearance of
their avatars. In other words, the virtual representation of oneself can influence real-world
behavior through the expectations associated with the avatar's features.) and social cues (via
stereotype threat: Steele & Aronson (1995), defined it as a "socially premised psychological
threat that arises when one is in a situation or engaging in an activity for which a negative
stereotype about one's group applies.") on overweight children’s exercise attitudes and game
performance in a virtual running game. The authors found that avatars of the average body
size group scored significantly better on exercise attitude, exercise motivation, motivation
towards AVG, and game performance compared with avatars of the large body size group. In
contrast, in a scenario without stereotype threat, participants achieved significantly higher
scores in exercise attitude, exercise motivation, and motivation towards Active Video Games
(AVG) compared to a situation where stereotype threat was present. However, there was a
lack of empirical evidence supporting the impact of stereotype threat on game performance.

Effects of community-based AVGs on PA

Christison et al (2016), conducted a study to assess the effectiveness and long-term impact of
a multifaceted, community-based weight intervention programme, which included the
incorporation of AVGs into the curriculum. The study examined changes in body mass index
(BMI) z-scores over time between intervention and control participants at baseline. Results
revealed no significant differences in BMI z-score (which compares an individual's BMI to the
average for their age and gender, indicating how their BMI relates to others.) changes over
time between the two groups. However, during the one-year evaluation, intervention
participants did not exhibit an increase in their weight trajectory over the six months following
programme completion, in comparison to the control group, the intervention subjects
demonstrated a statistically significant improvement. Furthermore, the intervention group
performed two shuttle runs more than the control group, although these differences did not
reach statistical significance. Moreover, completion of the follow-up questionnaire showed
no significant differences between the two groups in terms of physical attributes or self-
esteem perception. In relation to sedentary behaviour and PA, while the intervention group
showed a reduction of 1 hour in screen time hours after school and on Saturdays compared
to the control group, this difference did not reach statistical significance. Furthermore, there
were no significant changes in steps per week between the two groups.

Effects of Laboratory-Based AVGs on PA

Among the eight studies focusing on the effects of laboratory-based active video games
(AVGs) on physical activity (PA), various psychological and physical outcomes were examined.
Wagener et al (2012), found that obese adolescents participating in dance-based AVGs
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reported a significant increase in perceived competence to exercise regularly. Staiano, Beyl,
et al. (2017) reported that the intervention group demonstrated improved self-efficacy
towards PA and displayed high intrinsic motivation towards AVGs. Staiano et al. (2018)
investigated the effects of group-based dance exergaming on psychosocial health in
overweight adolescent girls, revealing improvements in subjective health, stabilised peer
conflict, and an enjoyable PA experience.

In terms of physical effects, Van & Longhurst (2012), observed significant improvements in
functional fitness and increased coordination, reaction time, speed, and agility after a
Nintendo Wii intervention. Staiano, Beyl, et al ( 2017), noted an increase in PA frequency but
no difference in self-reported levels of intensity. Sedentary and PA levels measured by
accelerometers did not differ significantly between groups, but intervention participants
spent more time playing Kinect after the intervention. Majaj et al (2021), found that Fitnexx
had the highest activity level (jog), while treadmill and other Xbox360 AVGs had moderate
activity levels (walk).

Furthermore, Hwang et al (2019), indicated that overweight/obese children spent more time
at light intensity for Fruit Ninja (upper limb) and Shape Up (lower limb). However, they spent
less time at vigorous intensity for Kung-Fu (whole limb) and Shape Up, with the reduced
intensity attributed to lower limb movements being less intense during Shape Up.

These findings highlight the positive psychological effects of AVG interventions, such as
increased perceived competence, self-efficacy, and intrinsic motivation. Additionally, AVG
interventions have demonstrated improvements in physical fitness, including coordination,
reaction time, speed, agility, and activity levels. Understanding these outcomes can inform
the development and implementation of effective AVG interventions for promoting physical
activity and enhancing psychological well-being.

Several studies have examined the physiological effects of active video gaming (AVG)
interventions on various health indicators. Wagener et al (2012), and Van and Longhurst
(2012), did not observe any significant differences in body mass index (BMI) before and after
the intervention or between different conditions. However, Biljon et al (2021), reported
significant improvements in waist-to-hip ratio and resting heart rate in the AVG group, while
no significant changes were found in resting systolic blood pressure (SBP), diastolic blood
pressure (DBP), or peak oxygen consumption.

In contrast, Staiano, Marker, et al (2017), found that the intervention group exhibited
significant decreases in abdominal subcutaneous adiposity, increased trunk and spine bone
mineral density (BMD), decreased leg fat percentage, and reduced abdominal subcutaneous
and total adiposity after participating in a group-based dance exergaming intervention.

Moreover, Hwang et al (2019), reported that energy expenditure reached its peak during
gameplay in Shape Up and was higher in Kung-Fu compared to Fruit Ninja. Noteworthy is that
this energy expenditure was significantly higher in overweight/obese children, although the
differences diminished when controlling for body mass across the three Active Video Games
(AVGs). Additionally, Majaj et al (2021), found that Fitnexx elicited the highest heart rate
response among the tested AVGs.
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These findings highlight the variability in the physiological effects of AVG interventions, with
some studies showing improvements in body composition and cardiovascular health
indicators, while others find limited changes in these parameters. Further research is needed
to elucidate the underlying mechanisms and determine the optimal AVG interventions for
promoting favourable physiological outcomes.

Effects of home-based AVGs on PA

Five of the reviewed studies focused on the effects of home-based AVGs on PA. With regard
to psychology, Staiano et al (2018), reported that the intervention group improved self-
efficacy towards PA compared to the control group. There was no difference in the quality of
life or peer support.

With regard to physical effects, Maddison et al (2011), reported that the intervention led to
an increase in the change in daily time spent playing Active Video Games (AVGs), coupled with
a reduction in the change in daily time spent playing non-AVGs. However, no significant
treatment effects were observed for the change in average daily time spent in moderate-to-
vigorous physical activity (MVPA) measured by an accelerometer, nor for physical fitness.
Although Maloney et al (2012), found that the self-reported frequency of moderate-to-
vigorous physical activity (MVPA) significantly increased in the treatment group, while it
declined for the comparison group. Accelerometer results indicated a significant decline in
moderate physical activity (MPA) over time for the comparison group. However, when
comparing the treatment and comparison groups using accelerometer or pedometer data,
there were no significant between-group differences. This suggests that although self-
reported MVPA increased in the treatment group and declined in the comparison group,
objective measures did not reveal significant differences between the two groups based on
accelerometer or pedometer data. Trost et al (2014), reported that participants in the
experimental group demonstrated significant increases in moderate-to-vigorous physical
activity (MVPA) and vigorous physical activity (VPA) and significantly greater reductions in
percentage overweight. Furthermore, Staiano et al (2018), found that, compared to the
control group, the intervention group showed improvements in MVPA.

In a study conducted by Maddison et al (2011), the physiological effects of an intervention
were examined, specifically focusing on the treatment effect on BMI. The results indicated
that the intervention group showed a more favorable change in BMI compared to the control
group. While the control group experienced an increase in BMI from baseline, the
intervention group's BMI remained stable. Furthermore, the intervention group exhibited a
reduction in body fat. Building upon these findings, Maddison et al (2012), investigated
potential mediators of BMI and identified that only aerobic fitness, measured by VO2max, met
the criteria for mediation and was a significant mediator of BMI, surpassing the influence of
factors such as time spent in moderate-to-vigorous physical activity (MVPA) and food snacks.
Additionally, Staiano et al (2018), found that the intervention group experienced a significant
reduction in BMI z-score when compared to the control group. Moreover, the intervention
group exhibited improvements in systolic blood pressure (SBP), diastolic blood pressure
(DBP), total cholesterol, and low-density lipoprotein (LDL) cholesterol levels. These findings
underscore the positive physiological effects of the intervention, highlighting improvements
in body composition, aerobic fitness, and cardiovascular health indicators. Further research
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is warranted to explore the mechanisms underlying these effects and to optimize
interventions targeting BMI and related health outcomes.

Discussion
Following the framework in the previous section, the effects of AVGs based on different
settings were analyzed in detail.

Population Characteristics

The studies in this review were conducted across different countries, including New Zealand,
the USA, South Africa, and Singapore. Notably, a majority of the active video gaming (AVG)
interventions were conducted in the USA, comprising two-thirds of the selected studies. It is
important to highlight that only one study took place in Asia. However, it is worth noting that
Southeast Asia and East Asia, particularly China, are also grappling with the issue of
overweight and obesity among adolescents. In fact, the prevalence of obesity in children and
adolescents in China has reached 11.9% (Cai et al., 2017). Therefore, future research should
prioritise investigating the effectiveness of AVG interventions in these areas. Additionally,
most of the studies reviewed had relatively small sample sizes, which limited the
generalizability and practical significance of the research findings. Furthermore, all the
included studies focused on overweight and obese children and adolescents, implying that
this population has attained the cognitive and motor skills required to comprehend and
engage in AVGs. This observation may be attributed to the fact that many commercial AVGs,
such as Dance Dance Revolution (DDR) and the Nintendo Wii, are specifically designed for
children and adolescents.

The data indicated that the subjects in most of these studies were both male and female,
while three studies focused solely on females. There is no study in which the participants are
only males. Therefore, it is necessary to conduct specific research on overweight and obese
adolescent males. Carbert et al (2019), pointed out that parental practice and parental
modelling play an important role in adolescent PA, as well as Ferreira et al. (2007), who
indicated that the home environment was especially associated with children’s PA. Therefore,
researchers should consider moderators such as family background, parents' educational
background, income, and socioeconomic status when evaluating the efficacy of AVGs on PA
or changing children's behaviours.

Effects of school-based AVGs on PA

Li et al (2014), utilized two theories, the Proteus effect, and stereotype threat, to explore the
impact of visual and social components on identity cues. The results indicated that avatars of
the standard body size group scored significantly better on exercise attitude, exercise
motivation, motivation towards AVG, and game performance compared with avatars of the
large body size group. In contrast, a stereotype threat-absent condition scored significantly
better on exercise attitude, exercise motivation, and motivation towards AVG compared with
a stereotype threat-present condition, which did not provide empirical evidence for game
performance. Based on the above results, we suggest that in future intervention research on
the effect of AVGs on overweight or obese adolescents, researchers should avoid mentioning
participants' weight and related in-game performance, which is likely to improve exercise
attitude and motivation. Moreover, according to the information obtained from this study,
future school-based research on AVGs should be combined with physical education
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curriculum and PA level tests in extracurricular time to test the effects of AVGs on the
behaviour of overweight and obese adolescents.

Effects of Community-Based AVGs on PA

As stated earlier, Christison et al. (2016) assessed the effectiveness and lasting impact of a
comprehensive community-based weight intervention program, which included the Active
Video Games (AVGs) curriculum. However, the authors found no significant differences when
analyzing changes in BMI z-scores over time between participants in the intervention group
and those in the control group, based on baseline measures. However, in their one-year
evaluation, intervention participants did not increase their weight trajectory over the six
months after completion of the programme. Although the programme's content included
teaching healthy diet modes, it was not enough to prove why there was no difference in BMI
z-score between the two groups. Shay et al (2012), noted in the study that low energy intake
was associated with lower BMI in both sexes, and Hebestreit et al (2014), indicated energy
intake is a more important predictor of unhealthy weight development in children than daily
food intake. As a result, future research can use food energy intake as a parameter to clarify
why the BMI z-score does not change.

Additionally, it is noteworthy that the intervention group demonstrated a mean of two shuttle
runs higher than the control group, although this difference did not reach statistical
significance. Despite the lack of statistical significance, this observed change holds notable
reference value to some extent. It is possible that, with a prolonged intervention period and
an increased sample size, significant changes may be observed.

Furthermore, the completion of the follow-up questionnaire revealed no significant
differences between the groups in any domain related to physical attributes or self-esteem
perception. However, it is important to highlight that the intervention group exhibited a
reduction of one hour in screen time after school and on Saturdays. This reduction in screen
time is clinically relevant, as even a small decrease in sedentary behaviours such as screen
time can have a positive impact on obesity prevention and management.

These findings suggest that although statistically significant differences were not observed,
the observed changes in physical activity levels and screen time reduction are promising and
indicate the potential for positive health outcomes. Further studies with longer intervention
durations and larger sample sizes are warranted to explore the full effects and clinical
significance of active video game interventions in this population.

Effects of laboratory-based AVGs on PA

With regard to the effects of psychology, Wagener et al (2012), indicated that dance-based
AVGs increased in self-reported perceived competence to exercise regularly, and Staiano,
Beyl et al (2017), reported that group-based dance AVG significantly improved self-efficacy
toward PA as well as highly rated intrinsic motivation toward AVGs. Ae et al (2018), affirmed
that this form of AVGs could improve subjective health, stabilize peer conflict,and provide an
enjoyable PA experience. Moreover, Fitnexx (prototype AVG) also reached a high RPE. In
general, in the laboratory setting, AVG, especially a game, still plays a positive role in
improving the psychological factors that can affect PA. However, there is a lack of objective
evidence for transferring PA toward AVG to PA toward sports (i.e., transfer effects). An
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exciting avenue for future research is to use AVGs as a springboard to introduce actual sports
activities. Psychological factors associated with AVG games may include increased self-
efficacy, self-competence, self-empowerment, self-determination. These attributes could
potentially result in enhanced confidence and positive attitudes toward real sports, ultimately
increasing the likelihood of children engaging in actual sports activities. As children acquire
knowledge of the rules and master motor skills, their growing familiarity may contribute to a
greater inclination to participate in real sports activities.

The positive results of the Nintendo Wii intervention by Van & Longhurst (2012), showed that
AVG intervention can effectively increase PA time, and participants may become more active,
but there were different findings about whether PA can meet the recommended intensity.
The reason may be the nature of AVGs. Most of the available commercial AVGs are
entertainment-oriented and not PA- or exercise-oriented. However, Hwang et al (2019),
demonstrated that we can combine AVGs involving whole-body or lower limb movement in
future research, which may have an ideal effect on PA intensity. There is no clear evidence of
whether AVGs can promote a change in physical fitness. Although Van & Longhurst (2012),
proved that coordination, reaction time, speed, and agility increased, their experimental
methodology had the following drawbacks that limited its findings for generalisation to the
broader population: (i) small sample size; (ii) short period; (iii) not considering missing data.
Future research may conduct high-quality RCTs to clarify these findings.

With regard to the physiological effects, no differences in BMI were seen within or between
groups in the experiments by Wagener et al (2012), and Biljon et al. (2021). Furthermore,
Biljon et al. (2021) noted no significant improvements in SBP, DBP, or VO3 peak following the
AVG group. However, the intervention group exhibited significant improvements, including
decreased abdominal subcutaneous adiposity, increased trunk and spine bone mineral
density (BMD), significantly decreased leg fat percentage, and reduced abdominal
subcutaneous and total adiposity following a group-based dance exergaming intervention by
Staiano, Marker, et al. (2017). Moreover, from the findings of Hwang et al (2019), and Majaj
et al. (2021) we can conclude and recommend that it may not be wise to use AVG as the final
means to improve BMI. However, if the AVG mode is changed to multiplayer mode, the choice
of the game tends to be whole body or lower limb movement, the intervention period is
prolonged and the frequency is increased, a more precise conclusion may be drawn.

Effects of home-based AVGs on PA

The findings of Staiano et al (2018), and Ae et al (2018), confirm that group-based AVGs can
positively affect self-efficacy towards PA. Future research on the psychological effects of
based-home AVGs on overweight and obese adolescents can focus on the psychological
changes of children with direct parental involvement and the improvement of the relationship
between children and parents, both intention and strenuous exercise behavior are pivotal
factors influencing physical activity attitudes and subjective norms, particularly among
overweight and obese adolescents. These elements play a critical role in shaping the
perceived social pressure related to physical activity engagement for individuals in this
demographic.

With regard to physical effects, the findings of different studies suggest that AVGs can
effectively reduce sedentary behaviour and screen time, and changing the game mode to
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multiplayer mode may improve MVPA. In most reviews in the home setting, parental support
for physical activity (PA) is linked to increased physical activity levels in children and
adolescents, supported by studies including a meta-analysis (Beets et al., 2010; Ferreira et
al., 2007; Pugliese & Tinsley, 2007; Van Der Horst et al., 2007). A review suggested a positive
association between parent activity and physical activity in boys (Van Der Horst et al., 2007).
Furthermore, in family-based interventions targeting sedentary time reduction in youth, the
level of parental involvement was deemed more crucial than the intervention setting, as
concluded by a review (Marsh et al., 2014). This aligns with the understanding in social—
ecological models that emphasize the interplay between different levels of influence (Stokols,
1996).

As stated earlier, with regard to physiological effects, Maddison et al (2011), reported that
the treatment effect on BMI favoured the intervention group and reduced body fat in the
intervention group. Additionally, Maddison et al (2012), identified that only aerobic fitness
(VO2Max) satisfied the conditions for mediation and was a significant mediator of BMI
compared to time spent in MVPA and food snacks. Furthermore, Staiano et al. (2018)
reported in the study that the intervention group significantly reduced BMI z-score compared
to the control group, and the intervention group improved SBP, DBP, total cholesterol, and
LDL cholesterol. Overall, AVG has a positive effect on improving BMI, body fat, and other
related physiological indexes, and future research can extend the intervention effect by
extending the time of game sessions or increasing the frequency of intervention.

Limitations

This review offers substantial evidence of acceptable quality supporting the positive effects
of Active Video Games (AVGs) on physical activity (PA) among overweight and obese
adolescents. However, certain limitations need consideration. First, seven of the 15 studies
(Maddison et al., 2012; Wagener et al., 2012; Van & Longhurst, 2012; Li et al., 2014; Li et al.,
2014; Biljon et al., 2021; Majaj et al., 2021) included did not specify the method for calculating
sample size, a crucial aspect influenced by various factors. Inappropriate or inadequate
sample sizes can impact the quality and accuracy of the study outcomes. Secondly, only one
tudy had a follow-up, making it challenging to assess the long-term impact of AVGs on PA
among overweight and obese adolescents. This lack of follow-up data limits the
understanding of sustained effects over time (Christison et al., 2016).

Conclusion

While the AVGs contribute to the daily recommendation of PA, relying only on AVGs as a PA
promotion strategy is unrealistic for overweight and obese adolescents because the mild-to-
moderate PA produced by AVGs is not enough to help children reach the recommended PA
level. However, changing the AVG mode to multiplayer may enhance PA intensity. Compared
with traditional PA and sports, AVGs replace sedentary activities, such as playing conventional
video games, surfing the Internet, and watching TV, which is expected to become an ideal
means of intervention. In addition, from the previous results, although AVGs may not be
regarded as an effective way to lose weight, they have the potential to curb the continuous
increase in weight, which is most assuredly good news for overweight and obese groups. We
recommend that future research choose games based on whole and lower limbs or combine
AVGs with traditional sports activities or weight loss programms, which may be more effective
in promoting weight loss. It is worth noting that the impact of AVGs on participants'
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psychology is positive and significant, and multiplayer game mode is also an effective means
to improve interpersonal relationships. Future research can pay more attention to the
psychosocial effects. As mentioned in the social-ecological model theory, individuals, social
environments, and other factors affect PA. The ultimate goal is to make full use of the
enthusiasm for AVGs, make AVGs a part of children's daily exercise, and achieve long-term

success.
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Competence Scale;BASC-2,Behavior Assessment System for Children-2;PRS-A,Parent Rating
Scales-Adolescent version; SRP-A,Adolescent Self-Report Scales;PAMS,Physical Activity
Measurement System;CY-PSPP,Children and youth physical self-perception profile;
RPE,Rating of Perceived Exertion;RR,respiratory rate

Table 3
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Ramzi
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Note.l=randomization procedure were adequately described and carried out; 2= research
design allowed for comparison between the AVG intervention group and the
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control/comparison group; 3=research design allowed for test of effectiveness of the AVGs
alone (not combined with other exercises) as compared with the control/comparison group;
4=outcome variables were measured before and after the intervention; 5=dropouts were
described and not more than 30%; 6=groups are comparable at baseline on key outcome
variables through statistical analyses; 7=data analyses were conducted while considering
missing data; 8=power analysis was conducted to determine the appropriate sample size;
9=the reliability and validity of the measures were provided; 10=participation were followde
up for a minimum of 6 months. NA=;not applicable.
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