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Background: The purpose of this study was to critically review the existing literature on the effects of active video games (AVGs) on physical activity in overweight and obese college students to determine whether AVGs can promote and achieve recommended levels of physical activity. The results should provide constructive input for future research.

Methods: A total of five international databases including PubMed, SCOPUS, Web of Science, CINAHL Plus, and EBSCOhost were searched with keywords related to “active video games,” “physical activity,” and “obese college students” from July 2022. A systematic review was conducted using the PRISMA guidelines and randomised controlled trial (RCT) studies that met the inclusion criteria were included. Furthermore, the quality assessment of the studies was measured using the PEDro scale.

Results: One thousand and twenty-three articles were retrieved, of which eight randomised controlled trial studies met the inclusion criteria. AVGs can reduce sedentary behaviour and positively affect physical activity, time spent on moderate-to-vigorous physical activity (MVPA), positive psychological factors, and game attendance rate. Combining AVGs with other assistive devices (such as mini-trampolines and stationary bikes) can enhance the effects of AVGs and provide greater physiological stimulation. Different types of AVGs and game modes can achieve different emotional responses, physiological stimulation, and physical activity levels.

Conclusion: The research findings prove that AVGs can be a viable intervention to increase physical activity in overweight or obese college students, ultimately reaching the recommended physical activity level(PAL). Physical activity can be further increased by incorporating assistive devices or using features supported by self-determination theory (SDT). As a new modality, AVGs could be a potential alternative to traditional physical activity.

Systematic Review Registration:https://www.crd.york.ac.uk/prospero, identifier: CRD42022363993.
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1 Introduction

Obesity is a severe health issue affecting individuals across all age cohorts in developed and developing nations (1, 2). Being overweight entails having a body mass index (BMI) greater than 25 kg/m2, while obesity entails an index greater than 30 kg/m2 (3). Overweight and obesity can cause a variety of diseases, such as cardiovascular disease and hypertension (4, 5). Many factors contribute to overweight and obesity such as diet, genetics and environment (6). However, with the advancement of technology, people are becoming more connected to digital devices, their lifestyles are gradually moving from offline to online and they spend a lot of time in the digital world every day (7, 8). Many studies have shown that over-reliance on digital (e.g., use of mobile phones, tablets, and computers) has become a new way of becoming overweight and obese (9, 10).

We are currently experiencing a surge in physical inactivity and sedentary behaviour. According to The Lancet, 81% of adolescents and 27.5% of adults globally have insufficient physical activity and WHO’s 2025 global target of reducing the number of physically inactive people by 10% is difficult to achieve (11, 12). Insufficient physical activity combined with prolonged sedentary life can easily lead to obesity (13). Obesity has become more common among college students and can result in poor physical health, discrimination, low self-efficacy, and depression (14). A person’s college years largely determine physical activity, eating habits, and behaviour. Effective interventions during this period can prevent long-term adverse health outcomes (15). The American College of Sports Medicine (ACSM) and the Centres for Disease Control and Prevention (CDC) have formulated different physical activity guidelines. According to these guidelines, adults should exercise 75 min a week vigorously or 150 min moderately and use 150 kilocalories (kcal) per day and 1,000 kcal per week for optimal health (16). Research has concluded that moderate physical activity can reduce digital addiction and obesity (17) and experts suggest many ways to achieve the recommended physical activity level through traditional physical activities like cycling and walking. However, many college students prefer to avoid these conventional physical activities (18). Therefore, an essential requirement exists to encourage physical activity among overweight and obese college students through alternative exercise modalities, such as AVGs.

The progress of information technology and the popularity of electronic devices have increased the frequency of computer and cell phone use among college students (19). Overweight and obese college students are a particular group of college students. They are accompanied by abdominal or hip obesity, are often sedentary or physically inactive (less physical activity than recommended by the World Health Organisation), and are very fond of playing video games. Taking advantage of overweight and obese college students’ interest in screen games, converting static screen time to dynamic screen time and getting them moving while using the screen would be a new way to control sedentary behaviour and obesity. An AVG is also known as an “exergame”; it requires players to interact with images on the screen through upper-body, lower-body, and whole-body movements to complete the game (20). Traditional video games operate by fingers only and are associated with sedentary behaviour. AVGs differ from conventional static screen games (21). They combine screen, game, and participant through multiple game controllers to motivate participants to keep moving and thus improve physical activity (22).

Numerous types of research have demonstrated that AVGs can elicit more significant EE and elevate PALs in contrast to sedentary video games (static games). AVGs may meet moderate-to-vigorous physical activity (MVPA) requirements (23). AVGs also improve oxygen uptake, heart rate, and physical fitness while eliciting higher enjoyment and psychological well-being (24). The exercise effects of different types of AVGs may vary, with some studies reporting that both aerobic and strength activities in Nintendo Wii Fit can achieve moderate physical activity and serve as a new tool for improving physical activity among college students (25). Other studies suggest that exergames, such as boxing and soccer in Xbox 360 Kinect, can significantly increase vigorous physical activity more than playing ping pong or bowling (26). Additionally, AVGs are a viable alternative to traditional physical activity during school lunch breaks for elementary school students and can thus help achieve the physical activity intensity recommended by physical activity guidelines (27). Regarding weight loss, AVGs may increase activity levels among obese adolescents and serve as a potential tool for treating obesity (28).

Active video games in general have grown to become one of the most popular forms of entertainment in the world (29), not only promoting the integration of recreation and health (30) but also having the potential to reduce the risk of premature death and cardiovascular disease and to improve overall health and well-being. Numerous pieces of literature prove the health benefits of AVGs and can lead to an active lifestyle, becoming a valuable new way to promote public health (31–34). However, much of the current research focuses on applying AVGs to physical activity promotion in children and adolescents (35–37), rehabilitation in older adults (38) and special populations such as Alzheimer’s (39) and adjunctive therapy for autism (40). Overweight and obese college students, as young adults, spend a lot of time on digital games, often accompanied by sedentary behaviour, digital addiction and lack of physical activity (41, 42). However, the current relationship between interventions for physical activity using AVGs remains unclear. Therefore, this systematic review endeavours to determine the effects of AVGs on physical activity in overweight and obese college students, relying on the most recent evidence from randomised controlled trials (RCTs).



2 Methods


2.1 Protocol and registration

The systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for protocol selection, data selection, collection, and analysis (43). It complied with ethical standards in sports and exercise science research (44). The systematic review was registered in the international prospective systematic review database (registration number: CRD42022363993).1



2.2 Data sources and search strategy

The literature was searched through five well-known international databases: PubMed, Web of Science, EBSCOhost (SPORTDiscus), CINAHL Plus, and Scopus. Search scope covers until the end of 2022. The investigation was conducted by title in each database, and the following predefined keywords, combinations of keywords, and Boolean operators “and” and “or” were utilised. The search strategy was “video gam*” OR “videogam*” OR “active video gam*” OR “exergam*” OR “interactive gam*” OR “interactive video gam*” OR “exercise video gam*” OR “fitness gam*” OR “Playstation” OR “Nintendo” OR “Wii” OR “Xbox” OR “Kinect” OR “EyeToy” AND “physical activity” OR “energy expenditure” OR “exercise” OR “energy metabolism” OR “bodily movement” OR “heart rate” OR “metabolic equivalent” OR “oxygen consumption” OR “activity count*” AND “obes*” OR “overweight” AND “college student*” OR “university student*” OR “undergraduate student*” OR “graduate student*.” Furthermore, searches were conducted in two ways for additional supplementation to retrieve the publications as comprehensively as possible. The first method was entering keyword combinations into Google Scholar to obtain additional literature. The second was checking reference lists from previous relevant articles and meta-analyses and manually filtering and sifting through the literature titles for possible matches.



2.3 Eligibility criteria

The patients, intervention, comparison, outcomes, and study design (PICOS) principle was employed to identify the articles included in this study. Each factor in PICOS formed a category in this study and formed an inclusion criterion. The titles and abstracts of all retrieved articles were subjected to relevance screening. Then the full texts of eligible studies were obtained and appraised based on the predetermined inclusion criteria, as presented in Table 1. Consequently, studies were incorporated into the review only if they fulfilled the specified inclusion criteria. This systematic review included only randomised controlled trials, which can better explain the cause-and-effect relationship between active video games and physical activity than other studies.

I. The study participants are college students without disease and with a BMI that meets the requirements for overweight or obesity without differentiating between their age, and gender.

II. AVGs are utilised as an intervention and do not differentiate between usage sites.

III. Comparisons in a study should include at least one experimental group and a control group.

IV. Study results comprise at least one assessment of the effect of AVGs on physical activity.

V. The experimental design is an RCT.



TABLE 1 PICOS eligibility criteria.
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On the other hand, studies that met the following exclusion criteria were excluded:

I. Articles are not published in English.

II. Publish in a peer-reviewed journal by December 2022.

III. Experimental studies that are not about AVGs or physical activity.



2.4 Study selection

Firstly, searches were conducted through five internationally accessible databases, and all the obtained studies were imported into Zotero software, which can achieve literature management. The software’s de-duplication functionality removed duplicates. Secondly, two independent reviewers (Liu and Ding) primarily screened the de-duplicated literature. After downloading the literature, they screened it according to the established criteria to determine which articles to include. Both independent reviewers (Liu and Ding) worked separately. When there was a disagreement about which article to select, an independent third-party reviewer (Soh) would conduct a comprehensive analysis of the article in question and continue to evaluate it until they reached a consensus.



2.5 Data extraction and quality assessment

After screening the studies, the following essential data were obtained from eligible studies in a pre-formulated extraction format: 1. Authors’ names, titles, and years of publication; 2. Sample characteristics; 3. Intervention characteristics (type, indicators, frequency, and duration); 4. Study design; and 5. Research results.

The Physiotherapy Evidence Database (PEDro) is a scale for assessing the methodological quality of trials. The total PEDro score is valid as an indicator of methodological quality (45). It is also reliable for systematically evaluating methodological quality with high reliability (46). The scale comprises 11 items, and the scoring system is “no” (0 points) and “yes” (1 point). The final score of each study was obtained by summing the scores of these 11 items and higher PEDro scores represent higher methodological quality. The following criteria were used: a PEDro score < 6 indicates “low quality/high-risk bias,” and a score ≥ 6 indicates “high quality/low-risk bias.”




3 Results


3.1 Study selection

Figure 1 illustrates the record selection process of searching through electronic databases. Potential studies for 1023 were identified. Five internationally recognised databases provided 1,012 of these 1,023 studies (8 from PubMed, 13 from SCOPUS, 28 from Web of Science, 519 from EBSCOhost (SPORT Discus), and 444 from CINAHL Plus). Other sources provided the other 11 studies (3 from Google Scholar and 9 from Reference). After removing 119 duplicates, 904 articles were screened and evaluated individually. After removing 826 pieces by subject and abstract, the remaining 78 articles were read according to the inclusion criteria developed, of which 70 did not match. Therefore, eight RCT reports were finally included to evaluate the effect of AVGs on physical activity among overweight and obese college students. The publication dates of these eight articles range from 2007 (47) to 2019 (48) and include one from Indonesia (48), one from Canada (47), two from Brazil (49, 50), and the rest from the United States.

[image: Figure 1]

FIGURE 1
 PRISMA flow chart of study selection.




3.2 Study quality assessment

Table 2 demonstrates the scoring information of the PEDro scale included in the literature. The eight included articles’ PEDro scores ranged from 4 to 7 points (mode = 6; mean = 5.6; median = 6). Specifically, the score of the PEDro scale in three studies was less than 6, and the score of the other five studies was greater than or equal to 6. All studies were deducted points related to blindness in participants, assessors, and therapists. Since the included studies used AVGs for intervention, requiring field testing and field instruction, it is difficult to blind participants, assessors, and therapists.



TABLE 2 Scores of the methodological quality assessment.
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3.3 Population characteristics

Table 3 illustrates the population characteristics from the following aspects:

1. Nationality: Only one of the included studies presented the nationality of one of the participants as Mexican (51).

2. Ethnicity: Two studies reported information about ethnicity, including 92 whites, 13 Asians, 12 African Americans, and nine other races (52).

3. Gender: One study had only female participants (51). Four studies had only male college students (47–50). The total number of participants was 234 participants, including 108 males and 36 females, and the remaining 90 participants did not report gender (52).

4. Age: Five studies reported an age range greater than 18 years (51), four of which ranged from 18 to 25 years (47, 49, 52, 54).

5. Sample size: There were 234 subjects in these eight studies, with participants ranging from 5 to 121 (51, 52). The median was 20, and the mean was 29.25.

6. BMI: Six studies described BMI (47–49, 51, 52, 54).

7. Educational background: Two studies indicated that the subjects were college-aged (47, 53) while the other six were college students.



TABLE 3 Characteristics of included studies.
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3.4 Intervention characteristics

Table 3 demonstrates several underlying components of the intervention characteristics in the included studies, mainly including the following.

1. Intervention type: Two studies employed AVGs in combination with other devices (bicycles and mini-trampolines) (47, 50).The remaining six utilised AVGs directly as the intervention (48, 49, 51–54).

2. Intervention duration: A study did not specify the duration, only on two different days (53). The remaining studies ranged from 1 day to 12 weeks (48, 51). Two of the studies were 6 weeks (47, 49) and two studies were 1 week (50, 54). One study was 4 weeks (52). As for each AVG session, only one study did not report the duration of each session (52). Four studies had 30-min intervention sessions (47, 49, 53, 54), and the remaining two studies had 45-min and 8-min sessions, respectively (50, 51).

3. Intervention frequency: One study did not report the frequency of intervention (53), and one study conducted only one intervention (48). The frequency of intervention in the remaining six studies ranged from two to four times a week.

4. Type of AVG: Four studies utilised the AVGs of Wii produced by Nintendo (50, 51, 53, 54). The remaining studies utilised Microsoft’s Xbox (49), Sony’s PlayStation 2 (47), and self-designed third-person role-playing game (52). One study utilised Xbox and Wii (48).

5. Control groups: No intervention for the control group in the three studies (48, 51, 52), and the control groups of the remaining five studies used AVGs under different conditions.



3.5 Outcome and measures

Physical activity is any bodily movement generated by skeletal muscles that results in energy expenditure (55). The following physical activity level (PAL) categories provide a better understanding of the effect of AVGs on physical activity: (1) ACSM and CDC classify PAL into three categories: light, moderate, and vigorous (56); (2) PAL can be expressed as the ratio of daily energy consumption (TEE) to basal metabolism rate (BEE); and (3) The Borg scale can be utilised to attain and compare the rating of perceived exercise (RPE) (57).

Based on the classifications above and Table 4, this study systematically summarised and analysed findings from eight studies involving the effects of AVGs on objective measures of physical activity outcomes (such as EE, metabolic equivalent (MET), and HR) and PALs (such as MVPA time and percentage of MVPA time). All authors of this study independently classified the articles according to the topic and finally reached a consensus.



TABLE 4 Physical activity indicators and physical activity level.
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3.5.1 Effect of AVGs on physical activity

Six studies investigated the intensity of physical activity of overweight and obese college students using AVGs using different metrics. Five of these studies indicated that overweight and obese college students could achieve moderate-intensity physical activity when using AVGs (49–52, 54). Three studies indicated that AVGs could achieve moderate intensity by measuring RPE at each session (49, 51, 54). One study indicated that AVGs could reach vigorous intensity by measuring multiple metrics (%VO2max, %HRmax, and METs) (50). Another study, measured by accelerometer(% time spent in MVPA), indicated that MVPA could be increased by using AVGs with SDT function (52). Only one study indicated that AVGs provide light-intensity physical activity and minimal physiological stimulation (53). In detail, Russell et al. concluded that having gaming experience or no gaming experience or single or paired modes did not affect physiological and affective responses when using AVGs. Two studies did not investigate the intensity of physical activity when using AVGs (47, 48). In one study, although participants were presented with some moderate-intensity exercise training programmes as a reference, they were still asked to freely choose the intensity and frequency according to their preferences during the experiment (47). In the other study, physiological responses to AVGs played with only the upper and lower limbs were investigated, and the intensity of physical activity was not specified (48).

Due to the large number of types of AVGs, it was necessary to analyse the AVGs according to the aspects of choice of AVGs, mode of play, mode of exercise and control group. In terms of choice of AVGs, all five of the included studies chose to use Nintendo’s Wii Fit, a game that incorporates several different sports (e.g., tennis, boxing, skiing, and running), as their intervention method (48, 50, 51, 53, 54). Four of the studies indicated that Wii Fit could provide moderate-intensity physical activity. One study indicated that Wii Punchout could only provide minimal physiological stimulation and must be carefully considered (53). The remaining three studies used Sony’s PlayStation, Microsoft’s Xbox, and a third-person role-playing game with SDT features (47, 49, 52). Self-determination theory (SDT) is a psychological theory that aims to explain the motivations behind an individual’s behaviour, and this game based on SDT was designed to satisfy better the player’s needs for competence, autonomy, and relatedness. All three studies indicated that AVGs can positively impact physical activity.

Regarding game modes, only two studies stated whether single or paired modes were used (51, 53). However, these two studies had different results. Jacobs et al. stated that single and two-player modes could keep college students moderately physically active when using Wii Fit (51). However, Russell et al. investigated that the “Wii Punchout” game skill provided minimal physiological stimulation and was unsuitable as a replacement for traditional exercise (53). The remaining six studies did not state whether the game mode was single or paired. In terms of exercise modalities, two studies added assistive devices (stationary bikes and mini-trampolines) to the original AVGs and found that the addition of assistive devices could better utilise the AVGs to further increase physical activity levels (47, 50). One study investigated the effects of using different body parts to play the AVGs and found that using the AVGs on the upper limbs was less harmful to people with metabolic disorders (48). The remaining five studies used AVGs without additional devices. In terms of control groups, two studies investigated the effects of AVGs compared to traditional physical activity, and both showed that the use of AVGs promoted better physical activity and improved physical fitness (47, 54). The remaining six studies had no intervention (48, 51, 52) or compared to other forms of AVGs (49, 50, 53).

The majority of studies have shown positive effects of AVGs, with three studies indicating that recommended physical activity levels can be achieved with AVGs (49, 50, 54). The Wii Fit “Free Run” alone can be an alternative to traditional moderate-intensity aerobic exercise (54). Adding a mini-trampoline to the game can achieve vigorous-intensity physical activity that meets ACSM requirements (50). Structured AVGs (Nike Kinect Training) can achieve 200 kcal/session of physical activity. When used daily, it meets the energy equivalent (1,200 kcal/week) recommended by ACSM to prevent weight gain (49).



3.5.2 Effect of AVGs on other factors

Seven studies investigated the positive effects of using AVGs on body composition and overall physical fitness in overweight and obese college students. Only one study concluded that AVGs were less effective (53). Of the studies that concluded that there was a positive effect, five investigated the use of AVGs to promote health-related aerobic capacities, cardiorespiratory fitness, and physical fitness, such as maximal oxygen uptake, heart rate stress multiplier, respiratory rate and vertical bounce and leg strength (47–50, 54). The remaining two highlighted that AVGs can increase MVPA time and control body weight (51, 52). In terms of exercise motivation, psychological factors and attendance, two studies explored attendance during the study period and both found that using AVGs resulted in higher attendance and thus contributed to the attainment of more significant physical activity (47, 52). Two studies indicated that using an AVG would increase motivation to exercise, which in turn would contribute to greater physical activity (50, 53). Two studies indicated that using AVGs would increase motivation to exercise, which in turn would contribute to greater physical activity. AVG increases motivation to exercise and makes overweight and obese college students more likely to want to participate in exercise (51, 52). The results of three studies involving emotions and psychology were different. In one study, an AVG based on SDT functionality increased players’ psychological need satisfaction and interest in the game (52). However, overweight and obese college students did not experience a positive effect on mood when using the Wii Punchout and Wii Fit “Free Run,” and their well-being even decreased significantly after playing “Free Run” compared to running on a treadmill (p = 0.018) (53, 54).





4 Discussions

Given the features of AVG to promote PA in overweight and obese college students, our study comprehensively reviews current research on this topic. The exercise characteristics of AVG were explored, as well as the mechanisms behind improving PA and overweight/obesity in college students. Through screening, eight RCTs met the criteria and were included in the systematic evaluation.

The majority of the included studies (seven out of eight) indicated that AVGs can have a positive impact on physical activity by modifying their habitual PA, increasing the daily time they spend engaging in PA, and ensuring their physical activity level each time they use AVGs. However, the results of one study indicated a poor effect of AVGs on physical activity (53). Differences in the choice and type of AVGs, game modes, and exercise modes can have different effects, so this systematic review focuses on analysing and discussing these points. In terms of choice and type of AVGs, the AVGs used in the seven studies were from Sony, Microsoft and Nintendo. These three manufacturers publish a wide range of AVGs and dominate almost the entire AVG market, which is the main reason why game consoles from these three manufacturers (PS, XBOX, and Wii) were commonly chosen for AVG experiments (47–51, 53, 54). Only one study used adventure AVGs developed based on the functions of SDT (52). Self-determination theory is a theory of human motivation and personality that is based on experience. Derived theory of human motivation and personality (58), which has been successfully applied in areas such as education, sports and virtual worlds (59). This AVG with SDT features not only resulted in more MVPA, but also performed well in terms of attendance, psychological satisfaction, and future motivation to play. The results of other studies have also confirmed that AVGs with SDT features can influence the satisfaction of autonomy and relatedness needs and increase players’ frequency of play (60). Theoretically designed AVGs can facilitate sedentary individuals to engage in realistic physical activities (61). Theoretical guidance is essential for physical interventions (62). Therefore, in selecting AVGs, it is necessary to consider AVGs produced by common manufacturers and choose other AVGs with theoretical guidance, especially AVGs with SDT function, which may be an ideal choice.

AVGs are different from other traditional sports training; their essence is to connect the virtual world and the natural world through playing games so that players can exercise. Different game modes and exercise methods also directly determine the effect of using AVGs. Standard game modes include single and paired modes, while exercise modes are categorised into direct use of AVGs, assistive devices, and different body parts. Two included studies described game modes, but the results varied considerably (51, 53). One study opted for Wii Fit, distinguishing between single and paired groups during the intervention. Ultimately, it was found that both single and paired groups could achieve moderate-intensity physical activity at the time of the intervention. Although the motivation to exercise was more significant in the single group than the paired group, using the Wii Fit could help college students manage weight (51). The other study’s AVG was the Wii Punchout. this study not only differentiated between single and paired groups but also between experienced and inexperienced. The results of the study showed no significant differences in peak HR, recovery HR, RPE and steps per session at the experience level (experienced and inexperienced), with the paired mode having a higher peak HR than the single-player mode. The small physiological stimulus and limited physical activity that the Wii Punchout cannot fulfil the requirements of the ACSM Exercise Guidelines (53). The difference in results between the two studies may be that using the Wii Punchout only requires some dodging and punching to play the game, which does not require much whole-body activity. In contrast, the Wii Fit has enough whole-body activity in a 45-min workout, including 30 min of aerobic exercise on the Wii and 15 min of yoga, balance, and strength activities. Other studies have also supported that more whole-body activity results in more significant energy expenditure and exercise stimulation (63). While the included studies do not have a clear answer on the effect of game mode (single or paired) on physical activity, the effect of game mode on motivation to exercise is still something to be considered in future research. Consideration of the qualities of the AVG itself and whether it provides enough whole-body activity to bring about more physiological stimulation and energy expenditure should be more of a priority.

Three studies investigated different exercise modalities. Both studies that used additional assistive equipment found that the addition of another piece of equipment to the original use of an AVG resulted in greater physical activity and better exercise outcomes (47, 50). In detail, Warburton et al. stated that the combination of an AVG and stationary bike resulted in higher attendance compared to using a stationary bike alone, and that modulation of attendance not only resulted in increased physical activity, but also improved cardiovascular metrics (maximal oxygen uptake) and health-related physical fitness (bone health, vertical spring, and leg strength) (47). Previous research has also supported the idea that higher attendance leads to greater physical activity and the amount of physical activity is essential for health (64, 65). The study by Rodrigues et al. found that physical activity intensity was increased when playing on an assistive device mini-trampoline (MT-PT) compared to performing the Wii Free Run (EXG-PT) on a hard floor (50). By % VO2max, HRmax, and METs measurements, the MT-PT could all be categorised as vigorous-intensity physical activity. In contrast, the EXG-PT could only achieve moderate-intensity physical activity. This result could be because playing AVG on the MT requires more muscle mobilisation to maintain balance. Therefore, the physiological stimulus is more significant, thus resulting in greater intensity of physical activity. The mini-trampoline being a promising training tool has been demonstrated in other studies; for example, the use of MT promotes balance, muscle strength, and overall health (66–68). It is worth noting that even when the Wii Free Run is used alone, previous studies have demonstrated that it can achieve moderate-intensity physical activity when used in adults, making it a more desirable choice of AVGs for physical activity interventions (69, 70). One study investigated the metabolic response to using AVGs in different parts of the body. There was more physical activity when playing with AVGs on the lower limbs, but playing with AVGs on the upper limbs only seemed better for people with heart disease. Oxygen saturation was maintained safely, whether played on the upper or lower limbs only (48). Other studies have also demonstrated that playing AVGs with only the upper limbs (e.g., the Wii’s Tennis game) can be more effortless, and therefore, physical activity is not as effective as lower limb-only or whole-body movement with AVGs (71). Some AVGs can lead to greater MVPA by themselves, such as Dance Dance Revolution (DDR) (72), Kinect Dance Central 2, and Kinect Zumba Fitness. However, the benefits of AVGs can be expanded and better utilised by adding suitable assistive devices or adopting different body parts to use AVGs according to the user’s characteristics.

In addition, both studies selected different control groups (conventional exercise and other AVGs) for comparison (49, 54). HRmax, RPE and rate pressure product (RPP) were significantly greater with Wii Fit “Free Run” than with treadmill running. Since the player can freely choose the game’s intensity, it has a great potential to not only reach moderate-intensity physical activity but even exceed traditional moderate-intensity aerobic exercise (54). A 6-week comparative study of different AVGs found that structured AVGs resulted in higher HR and EE compared to unstructured AVGs (49). Structured AVGs (Nike Kinect training) follow the principles of exercise training, increasing the intensity of the exercise to improve cardiovascular response and energy expenditure, whereas unstructured AVGs lack this capability (73). Previous research has also demonstrated the effectiveness of structured AVGs, for example, improved body fat and total cholesterol in overweight and obese adolescents through structured AVG training (74). Therefore structured AVGs are more suitable for long-term use as a physical activity intervention of choice. In terms of control group selection, many studies have shown that the advantages of AVG in increasing MVPA time, bringing more fun and promoting weight loss in sedentary college students are more obvious compared to traditional sports (75–77). However, there is still a need for more studies comparing AVGs to traditional exercise to see the benefits of AVG or to better conclude which AVGs are suitable for overweight and obese college students will be the focus of future research.

Furthermore, in terms of sample heterogeneity. Different countries do not have the exact age requirement for college students to enter school, so differences in age, gender, range of BMI, and students’ physical activity status may affect the study’s external validity. In particular, the original physical activity status of university students (e.g., active versus sedentary) can have a significant impact on experimental results, but only two of the included studies assessed university students’ status rated as low-activity (47, 52). Future studies could divide the sample more carefully to explore differences between subgroups. Regarding intervention heterogeneity, the included studies contained different types of AVGs. This intervention heterogeneity explains some of the observed differences in effects. For example, some AVGs are more challenging to provide higher-intensity physical activity, while others are more recreational and less effective in physical activity promotion (49, 53). Future studies need to delve deeper into the effects of the characteristics of different types of AVGs (e.g., game difficulty and somatic interactivity) on physical activity.



5 Limitations

The included studies have the following limitations. First, the study on Wii Fit for weight loss in college students had a small sample size of six participants. Moreover, one dropped out of the study, resulting in only five participants. The small sample size makes it challenging to demonstrate the effectiveness of the intervention (51).

Three studies stated limitations in the participant population (49). The AVG combined with the stationary bike study involved only males, so it is unclear whether the findings apply to females (47). The research on using MT-PTs also has some limitations. The experimental protocol only measured the acute cardiovascular response and could not evaluate the long-term impact of MT-PTs on AVG utilisation. The participants were young and healthy, so the experimental results cannot be extrapolated to other populations (50). Participants were only young men in the structured and unstructured AVG studies, which limits the generalisability of the studies. The crowd determines different sports motivations and attitudes when playing AVGs, which can lead to variations in exercise intensity and aerobic capacity. Moreover, one study only involved structured and unstructured AVGs in a single-game mode; future research must try different game combinations (49). The included studies also had some methodological limitations, such as smaller sample sizes, shorter intervention times, and shorter recovery times when using a crossover design (48, 50, 51).



6 Conclusion

The research in this systematic review reveals that AVGs can achieve internationally recognised and recommended physical activity intensity. AVGs combined with auxiliary equipment can better promote the physical activity of overweight and obese college students. Most studies have proposed the benefits of AVGs for physical health and physical activity. Health promotion aims to improve cardiovascular function or become a potential weight-loss tool. Promoting physical activity is mainly reflected in combating sedentary behaviour, improving the attendance rate of sports, and increasing MVPA time.

AVGs can be employed as a new sport to reflect various benefits. However, its effect on physical activity and the achievable PAL vary. Most studies have observed different results. The primary reasons for this difference are the various types of AVGs, intervention time, and equipment utilised. Different companies (such as Nintendo, Microsoft, and SONY) have distinct design intentions and audiences for each AVG. Therefore, future research should focus on the differences caused by AVG types.

The essence of an AVG is a video game that can be employed for physical exercise, so the time spent on it (attendance rate) also directly determines the exercise effect. AVGs based on SDT can improve attendance, obtain higher satisfaction of psychological needs, and lead to more MVPA time. In the future, when using AVGs to study the impact of physical activity on overweight and obese college students, we should consider using AVGs with plot and theoretical guidance design and take improving attendance rates as one of the factors to explore. The same AVG has different effects on physical activity in various sports scenes. Using AVGs with auxiliary equipment (such as an MT-PT) improves the exercise intensity, enlightening future research. Future research should explore how to overlay different external devices to achieve different physical activity effects based on using AVGs alone for intervention.
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determination theory; PACES, The Physical Activity Enjoyment Scale; CPAFLA, Canadian Physical Activity Fitness and Lifestyle Approach; M, mini-trampoline; MT-PT, play AVG on mini-
& EXG-PT, play AVG on wooden surface; BG, blood glucose; HR, heart rate; OSL, oxygen saturation levels; SpO.,the percentage of oxygen saturati

; upperEx, upper only
; lowerEx, only extremities exergaming HRR, heart rate reserve; THR, target heart rate; pkHR, peak heart rate; RecHR, recovery heart rate; S

rating of perceived exertion; POMS, The Profile of Mood States; RPP. rate pressure product; BP, blood pressure; BW, body weight; RSP, resting blood pressure; RR, respiratory rate; SEES,
Subjective Exercise Experience Scale; SBE, systolic blood pressure; DB, diastolic blood pressure; EE, energy expenditures MET, metabolic equivalents BM,body mass; BMI, body mass index;
FM, fat mass; LBM, lean body massi1, significant improvement; |, significant decrease; , no significant difference.

main outcome

. Body weight and BMI

Participants’ current activity

Using Wi Fit for exercise

can increase exercise
level, personal exercise motivation and be used

motivation, and physical asatool for college

health. students to control their

3. Measure RPE every Wii weight individually.
session.

4. Record steps, activity and

self-reported daily food every
day
BMIL, weight! sports

motivationt, PAL <

. Baseline measurementin week0 | An AVG designed with

the motivation theory has

. Physical activity was

apo
attendance and MVPA,

and can improve the

objectively measured at week 0 ive impact on

(baseline), and week 1 and 5.

Calculate the attendance rate

effectiveness of AVG.

. Measure the players’
enjoyment, perceived need

satisfaction of competence,

and future play motivati

nin
the first and fourth weeks.
MVPAT, attendancef,
psychological need

satisfaction]

. Attendance rates were Compared to traditional

monitored. bicycle training, AVG

combined with fixed

Physical fitness (VO2max,
body composition, muscle bicycles can lead to
strength, muscle burst,and | greater health
flexibility) and resting blood | improvements, and
pressure.

VO,maxt, BM<, BMI<,

EMe, LBMes, RSP, SBP|

higher attendance leads
to more physical activity.

Day 1: measure Playing AVG on MT has

height, weight, greater physiological
body composition,

VO, max and HR max

Day 4: VO,, HR, and METs were
measured in both MT-PT and
EXG-PT groups.

Day

needs than playing AVG
in traditional ways and

can achieve moderate to
intense physical activity.
MT is an additional tool

to enhance the

xperimental and control
groups exchange game physiological response
conditions.

PALT, %VO,maxt,

9%HRmaxt, METs{

when playing AVG.

. Measure fasting BG, HR,
5p02

A sweet drink was given to all

Only the upper and lower
AVGs effect BG and HR,

but will not affect the

participants. Measure BG, HR,
SpO2at 30, 60,90, 120min
AVG groups played AVG
within 30 to 60 min, while the

$pO+ of college students
Playing with upper and
lower limb AVG is
beneficial for health.

control group did not exercise.
SpO2e, HR—,BG|

Physical Measures: Physical and emotional

in solo and paired mode, responses

re not
record heart rate every minute,  influenced by experience
and measure RPE every Smin,
Measure RecHR and SeRPE
for 15 min after exercise.
Mood: Use the POMS scale

5min before exercise, 5min

or social conditions when
playing Wii punchout
Using AVG as a potential

alternative to traditional
sports activities requires
and 15 min afier exercise to | consideration.
measure mood changes.

resting HR—, Steps—,

moodes

. Every session was measured at | Wii Fit Free Run could

5-min intervals for HR, RR,  serve as a viable
BP, and RPE.

After each exercise condition,
measurements of HR, BE, RPP,
RPE, and SEES were recorded.
HRmaxT, RPPT, RPET,

positive well-being

alternative to

conventional moderate-

intensity aerobic exercise.

. Baseline assessments of height,  The indirect
BW, resting HR, BP, AE
(VO2max), and peak

workload.

measurements can
analyse physical effort
intensity. Structured AVG
shows better HR and EE

. Hemodynamic and inotropic

measures SBP and DBP response than

In each session, measure unstructured AVG.
maximum HR and average

HR, RPE, EE, and MET

through mathematical

formulas.

AEes, pkHR < RPE=,

motivation<,

averge HRT, METT, EE}
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