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Background: Directly or indirectly, individual psychosocial characteristics, motivation, and health consciousness factors help to maintain physical and psychological health through maintaining physical activity.

Objective: In the current study, we investigated how fitness apps moderate the links among COVID-19 preventive strategies, virtual reality exercise, physical health, and psychological health in Chinese society.

Method: A nationwide online survey across China was conducted under a snowball sampling design from February to June 2022. A total of 3,000 questionnaires were distributed across China via online platforms. A total of 2,795 complete detailed replies were included in the final analysis. Structural equation modeling techniques were employed to analyze the collected data through Smart-PLS 3.0.

Results: It has been statically proved that all the scales used in this inquiry to determine the mean scores, standard deviation, excess kurtosis, and skewness values were reliable and produced satisfactory results. The overall results (H1: β = 0.385, t = 15.699, p = 0.000; H2: β = 0.159, t = 7.405, p = 0.000; H3: β = 0.122, t = 5.435, p = 0.000; H4: β = 0.143, t = 6.493, p = 0.000; H5: β = 0.157, t = 6.444, p = 0.000; H6: β = 0.184, t = 9.071, p = 0.000; H7: β = 0.192, t = 9.319, p = 0.000; H8: β = 0.235, t = 11.899, p = 0.000; H9: β = −0.114, t = 4.872, p = 0.000; H10: β = 0.042, t = 2.872, p = 0.004; H11: β = 0.041, t = 2.699, p = 0.007) supported our hypothetical model and explained that using fitness apps and virtual reality exercise benefits physical and psychological health.

Conclusion: The fitness app’s primary purpose during and after the pandemic is to motivate users to keep up with their regular at-home workouts. Exercise and active living are helpful in the prevention of risk factors associated with physical inactivity.
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Introduction

An unprecedented amount of internet and digital technology usage has resulted from COVID-19-related actions, including self-quarantine and locking down businesses, schools, and leisure venues. In the COVID-19 age, people are moving almost every element of their everyday lives to cyberspace at an accelerated rate. However, it is still unknown if and how using the internet might worsen or improve the psychological anguish brought on by COVID-19 (1). Numerous research studies have shown that the COVID-19-related restriction measures affected lifestyle behaviors, such as playing sports and engaging in physical activity (PA), and disturbing daily routines and PA (2). Health professionals often employ mobile health (mHealth) applications to promote behavioral health outcomes and enhance users’ health. On smartphones and other mobile devices, mHealth software improves health and avoids medical disorders among the general population (3).

Physical activity and exercise are vital functions in a person’s life. Long-term advantages include bettering one’s overall physical and mental well-being. Additionally, it helps lower the chances of several illnesses, including type 2 diabetes, cancer, and cardiovascular disease, which are all reduced in those who regularly engage in physical activity. Health and wellness have undergone significant changes due to exercise and health applications. During the COVID-19 shutdown, public areas, including gyms, squares, parks, and walking paths, were shuttered. Physical exercise may naturally maintain the immune system (4). Muscular atrophy, low lung capacity, increased frailty risk, and mental health problems are all factors that may be mitigated via regular exercise and other forms of physical activity. COVID-19 may trigger an immunological response that damages cells and tissues by releasing excessive immune cells and cytokines (5). With cutting-edge capabilities like an integrated accelerometer, global location, internet connection, smart apps, and digital platforms provide a beneficial physical activity intervention for health and well-being (6). Disease management apps and health behavior change applications are two categories of innovative health and fitness applications. Smart systems that control a patient’s medicine and guard against problems are known as disease management apps. These applications are designed to examine patient data and encourage self-care. On the other hand, the application that supports promoting physical activity and fitness for people of all ages is behavioral change in health (7).

The advancement of technology has resulted in a continuous transformation of our homes and daily routines. About twenty years ago, health wearable’s (such as pedometers) that assessed physical activity and monitored and analyzed human movement patterns for analysis replaced physical activity surveys (8). The proliferation of health-focused smartphone applications has made it possible to keep tabs on anything from our weight to our blood pressure and overall physical activity levels (9). Accelerometers that distinguish between active and inactive use have just begun appearing in consumer electronics like smartphones and global positioning system (GPS) trackers. Due to scientific advancements, the public may be more likely to engage in sedentary behavior. Still, health professionals can empirically assess physical activity and passive behavior to address many health issues. Current electronic devices appeal to medical professionals because they combine cutting-edge innovations like mobile app software, global positioning system hardware, and wearable health monitors with improving usability, accuracy, and breadth of coverage (i.e., data from multiple sources on a single device). With this data, researchers can better understand physical activity patterns and motivate people to change their activity levels (10). Apps that can be used from a mobile device provide an excellent opportunity to improve people’s home exercise routines by giving them access to health resources whenever needed.

Information and communication technology (ICT) is often utilized regarding instructional methods and physical well-being. As an alternative to standard medical therapy, technologically-based therapies to increase physical activity are available (11). Several Chinese smartphone applications encourage users to exercise, including KEEP, Gu Dong, and Yue Dongquan. Applications promoting physical activity may be loosely classified as fitness or running apps. The trend of using fitness apps and virtual reality exercise significantly increased in China during COVID-19 (12).

Using health apps, users may track their progress or establish goals for their diet or activity. These applications may also be used for weight control, medication adherence, health literacy, and online consultations. Even while mHealth applications are viewed favorably, it is not apparent whether they are essential for users to adopt and maintain long-term healthy behaviors. Prior research primarily focused on the desire to utilize mobile health applications, with little actual user research. As a result, assessing actual use may not depend on one’s willingness to utilize it (13).

This analysis revealed that health behavior change theories and evidence-based information are underrepresented in fitness applications (14). Thus far, studies have looked at how using these applications affects people’s exercise habits. Most research has verified the beneficial influence of fitness apps on exercise (15). When people are motivated to regulate their behavior, they do so under goals distinct from their actions but in line with their core principles and beliefs (16). Evidence from studies grounded in the self-determination theory suggests that a person’s degree of enthusiasm may be used to predict their likelihood of engaging in vigorous physical exercise (17). When a person’s motivation for physical activity is autonomous, they are more likely to practice successful self-regulation (18). The relevance of health behavior theory, data monitoring of health habits, and behavior modification tactics are all vital subjects to learn more about, particularly as innovation permeates more aspects of everyday life (19). It becomes crucial to investigate how fitness apps and virtual reality exercise nexus impact human health’s physical and psychological components. The current study examined how fitness apps moderate the links among COVID-19 preventive strategies, virtual reality exercise, physical health, and psychological health in Chinese society. Many Chinese people, particularly in metropolitan China, are incorporating mobile fitness applications into their regular health and fitness regimens. The widespread use of smartphones, combined with people’s persistent desire to be in shape, has resulted in hundreds of fitness apps that can be downloaded for free or at a nominal fee.


Theoretical framework

The self-determination theory (SDT), social cognitive theory (SCT), technology adoption model (TAM), and health behavior change model are theories that can be used to explain the relationship between fitness applications, virtual reality exercise, and physical and psychological health. The TAM asserts that a person’s propensity to adopt technology is impacted by how useful and straightforward they believe it to be. In this context, fitness apps and virtual reality exercise can be seen as innovative technologies that can enhance an individual’s exercise experience, increasing their perceived usefulness and ease of use. SDT postulates that people are more likely to engage in and persist in behaviors that align with their intrinsic motivations and needs (20). Fitness apps and virtual reality exercises can provide an engaging and satisfying experience, which can meet individuals’ intrinsic motivations for exercise, leading to an increase in physical activity levels. According to SCT, people’s views of other people’s actions and the social environment’s norms impact those (21). Fitness apps and virtual reality exercises can create a social network and community that promotes physical activity, thereby influencing individuals to engage in physical activity to conform to these norms. According to health behavior change (HBC) theory, a person’s ability to alter behavior is influenced by several variables, including information, attitudes, self-efficacy, and social support (22). Fitness apps and virtual reality exercises can provide individuals with information and feedback about their physical activity, increase their self-efficacy, and provide social support, leading to increased physical activity levels. As suggested by the aforementioned theoretical framework, adopting and using fitness apps and virtual reality exercise can improve physical and psychological health by raising physical activity levels, enhancing physical health and well-being, and offering a pleasurable and engaging experience that can improve psychological well-being. A model was proposed to test the association between COVID-19 preventive Strategies, virtual Reality exercise, use of fitness apps, and physical and psychological health.



Hypotheses of the study

As people were forced to stay home (23), many turned to VR technology to stay active and healthy. The shift to virtual exercise has provided people an innovative and engaging way to continue their fitness routines, even during a global pandemic. Moreover, VR technology provides users with a more immersive and interactive experience compared to traditional forms of exercise, such as running on a treadmill or lifting weights. Virtual exercise is more appealing and effective for people struggling with traditional methods (24–26). The COVID-19 pandemic has significantly impacted how people exercise, and preventive measures have positively affected the use and popularity of virtual reality exercise. The closure of physical exercise facilities has positively impacted the use and popularity of virtual reality (VR) exercise. COVID-19 preventive strategies may also have indirect health benefits. For example, wearing a mask can help reduce the spread of other respiratory illnesses. So we proposed the following hypotheses according to our proposed model;


H1: COVID-19 preventive strategies positive effects on virtual reality exercise.

H2: COVID-19 preventive strategies have a positive effect on physical health.
 

Taking preventive measures can also increase a person’s sense of control and agency in a time of uncertainty and unpredictability. The ability to take action to protect oneself and others can bring a sense of comfort and stability, which can positively impact mental health. Virtual reality exercise directly affects physical health, and using virtual reality technology to engage in physical activity (2) can directly benefit a person’s physical health. Virtual reality can provide an immersive and engaging workout experience, motivating people to be physically active and maintain healthier lifestyles. Virtual reality technology allows users to engage in various physical activities, including virtual sports, dance, and other forms of exercise. Virtual reality exercise (VRE) has direct positive effects on psychological health. It shows that using virtual reality technology to engage in physical activity can immediately benefit a person’s mental well-being (3). Virtual reality can provide an immersive and engaging workout experience, improving mood and reducing symptoms of stress, anxiety, and depression. Physical activity is well-known to affect mental health positively, and virtual reality technology can provide a unique and enjoyable way to engage in physical activity. By creating a fun and interactive environment, virtual reality can help increase motivation and engagement in physical activity, improving mental health (24–26). In addition, virtual reality can also provide a safe and controlled environment for physical activity, which can be beneficial for individuals who may have anxiety or stress related to exercising in public or in front of others. Virtual reality can also provide a convenient and accessible way to engage in physical activity, especially for individuals with limited access to gym equipment or outdoor spaces. It can be significant for individuals who struggle with mental health issues, as regular physical activity is essential for maintaining good mental health. So we proposed the following hypotheses;


H3: COVID-19 preventive strategies positively influence psychological health.

H4: VRE has direct positive effects on physical health.

H5: VRE has immediate positive effects on psychological health.
 

Fitness apps positively affect physical health, and using fitness applications on smartphones and other mobile devices can positively impact a person’s physical health. Fitness apps offer many features, including workout routines, tracking progress, setting goals, and tracking calories burned. These features can make it easier for individuals to stick to a fitness regimen, leading to improved physical health. Additionally, fitness apps can provide social support and accountability, which can be motivating and help individuals stay on track with their fitness goals. Fitness apps can also offer personalized recommendations and advice based on an individual’s fitness level, goals, and preferences, which can help individuals choose the most effective and enjoyable forms of physical activity for their needs. Fitness apps positively affect physical health, highlighting the potential for fitness applications to provide a convenient and effective way to improve physical health and promote healthy lifestyle habits (10). Fitness apps positively affect psychological health “suggests that using fitness applications on smartphones and other mobile devices can positively impact a person’s mental well-being (24–26). Physical activity has been well-documented to affect mental health positively, and fitness apps can provide an easy and convenient way for individuals to incorporate regular physical activity into their lives. By tracking progress, setting goals, and monitoring the impact of physical activity on mental well-being, fitness apps can help individuals see the direct benefits of physical activity for their mental health. Furthermore, fitness apps can also provide social support and accountability, which can be motivating and help individuals stay on track with their fitness goals. It can increase self-esteem and a sense of accomplishment, positively impacting mental health. In addition, fitness apps can also provide personalized recommendations and advice based on an individual’s fitness level, goals, and preferences, which can help individuals choose the most effective and enjoyable forms of physical activity for their needs. It can lead to increased engagement in physical activity and a more positive relationship with exercise, which can improve mental health. So, we proposed the following hypotheses;


H6: Fitness apps have positive effects on physical health.

H7: Fitness apps have positive effects on psychological health.
 

Fitness apps positively influence virtual reality exercise, and fitness applications can enhance and complement the experience of virtual reality exercise, leading to improved physical and mental health outcomes (15). Fitness apps can provide a range of features, including workout routines, tracking progress, setting goals, and monitoring the impact of physical activity on overall health (8). By integrating with virtual reality exercise, these features can make the virtual reality workout experience more personalized, engaging, and effective. For example, fitness apps can provide customized recommendations for virtual reality exercises based on an individual’s fitness level, goals, and preferences, which can help individuals choose the most effective and enjoyable forms of physical activity. In addition, fitness apps can provide real-time feedback and progress tracking during virtual reality exercises, which can help individuals monitor their progress and stay motivated. Fitness apps can also provide social support and accountability, enhancing the virtual reality workout experience and assisting individuals in staying on track with their fitness goals (24–26). It can increase engagement in virtual reality exercise and improve physical and mental health outcomes. Fitness apps positively impact the relationship between COVID-19 preventive strategies and virtual reality exercise (VRE). Given the ongoing COVID-19 pandemic, many individuals seek new and innovative ways to stay active and maintain their physical health. One such method is virtual reality exercise (VRE), which uses virtual reality technology to simulate physical activity. So we proposed the following hypotheses;


H8: Fitness apps have a positive influence on virtual reality exercise (VRE).

H9: Fitness apps positively moderate the relationships from COVID-19 preventive strategies to virtual reality exercise (VRE).
 

Fitness apps positively impact the relationship between virtual reality exercise (VRE) and psychological health. In other words, it posits that using fitness apps can help facilitate positive effects. Virtual reality exercise (VRE) involves using virtual reality technology to simulate physical activity and has become increasingly popular as a way to stay active and healthy during the COVID-19 pandemic. The hypothesis suggests that fitness apps can enhance the relationship between VRE and psychological health by providing users with personalized workout plans, tracking their progress, and offering motivation and support. By making VRE more accessible and convenient through fitness apps, individuals may be more likely to engage in regular physical activity, which could improve psychological well-being (24–26). In short, fitness apps can help foster the positive relationship between virtual reality exercise (VRE) and psychological health by providing individuals with the tools and support they need to engage in regular VRE, which could lead to improved mental health. In other words, it posits that using fitness apps can help facilitate the positive effects of virtual reality exercise (VRE) on an individual’s physical health. Virtual reality exercise (VRE) involves using virtual reality technology to simulate physical activity and has become increasingly popular as a way to stay active and healthy during the COVID-19 pandemic. Fitness apps can help foster the positive relationship between virtual reality exercise (VRE) and physical health by providing individuals with the tools and support they need to engage in regular VRE, which could lead to improved health outcomes. So we proposed the following hypotheses:


H10: Fitness apps positively moderate the relationships from virtual reality exercise (VRE) to psychological health.

H11: Fitness apps positively moderate the relationships from virtual reality exercise (VRE) to physical health.
 

To conclude, we designed the hypothetical model according to the study objectives (see Figure 1).

[image: Figure 1]

FIGURE 1
 Proposed hypothetical model.





Methodology


Study design

An online questionnaire survey was conducted under a cross-sectional design to explore how fitness apps moderate the links among COVID-19 preventive strategies, virtual reality exercise, physical health, and psychological health in Chinese society. A web-based platform (wjx.cn) was used for data collection under non-probability sampling (snowball). The research adhered to the World Medical Helsinki Policy requirements. The studies involving human participants were reviewed and approved by the ethics committee of Soochow University.



Participants recruitment

Participants were recruited under defined inclusion and exclusion criteria. The inclusion criteria were individuals must use a digital platform (fitness apps, virtual reality exercise for physical and psychological health) during the COVID-19 preventive strategies promulgation (27). The exclusion criteria were those individuals who cannot participate in the current research and do not use digital platforms during the COVID-19 preventive strategies promulgation under the WHO digital health guideline. A total of 3,000 participants were recruited for the current study across China (see Supplementary File S1).



Data collection tool

A deductive (top-down) methodology and rational approach were used to create a multi-item questionnaire. The top-down method examines the literature to locate existing items and create new items based on previously-established theories (28–30). The rational approach was used as a standardized procedure after developing the items/constructs to refine the multi-item questionnaire. The rational method for questionnaire development is based upon eight steps; theoretical framework, concept analysis, item specification, item production, item judgment, scale construction, validation, and comment. A team of six public health professionals examined the preliminary multi-item questionnaire under the rational method. Two independent translators translated (forward and backward) the questionnaire from its original language to the targeted one (31).



Survey measures


COVID-19 preventive strategies

Most countries across the globe have implemented travel bans to cut off the COVID-19 virus transmission. Isolation at home for extended periods and travel restrictions between and within nations are examples of COVID-19 preventive strategies. A significant fitness and health problem for the afflicted population is forced physical inactivity (32). We asked Likert scale (1–5) based questions (stay at home, social distancing, wearing a face mask, home quarantine, active lifestyle, and maintaining personal hygiene) from our participants related to their behavior toward the preventive strategies. The World Health Organization (WHO) announced several actions to stop the spread of COVID-19 for public health and safety (32).



Virtual reality exercise

Aside from the gaming business, individual households have recently begun using virtual and augmented reality technology. With augmented reality (AR), virtual features are added to the physical environment and superimposed to provide real-time information or foster immersion (33). We asked Likert scale (1–5) based questions (VRE helpful for active living, VRE helpful for health wellness, VRE beneficial for achieving the required physical activity level) from our participants related to the virtual reality-based exercise. Virtual reality training integrates virtual reality capabilities with standard exercise machines like treadmills and bikes. Mixed with exercise equipment called virtual reality fitness, virtual reality benefits psychological and physical health (34).



Physical and psychological health

COVID-19 influences people’s psychological and physical health as well as their level of loneliness. The scourge of loneliness is prompting the development of more technology and social tools (35). Lack of physical activity impacts the body’s natural physiological functions, which may lead to muscular atrophy, an unstable energy balance, and decreased exercise capacity (36). We defined Likert scale (1–5) based constructs (how using fitness apps and virtual reality exercise impacted physical health positively) related to physical health during the COVID-19 pandemic. Technology is being used to improve mental wellness in addition to physical health. For instance, it has been shown that cognitive-behavioral techniques may considerably enhance health monitoring and prognosis when dealing with chronic disease and the difficulties that go along with it (37).



Fitness apps

Increased screen time has been shown to affect people’s health, happiness, sleep habits, and overall quality of life. Research shows that social isolation similarly affects people’s levels of physical activity. Therefore, individuals may maintain their fitness and health by engaging in home-based activities made possible by smartphone fitness programs (38). We asked Likert scale (1–5) based questions related to the fitness apps based physical activity and how fitness apps moderate the links among COVID-19 preventive strategies, virtual reality exercise, physical health, and psychological health. People may track their exercise progress, get feedback on their technique, and learn how to improve their workouts with the help of technology (26, 39).



Data collection

A nationwide online survey across China was conducted for data collection between February and June 2022 under non-probability sampling. Informed consent was taken from all research participants for using their responses for research purposes. The respondents were informed of the survey’s purpose and given 14 days to understand and submit it. Before the final poll, a pre-test with 55 respondents was undertaken to estimate the reliability and validity. A total of 3,000 questionnaires were distributed across China via online platforms. A total of 2,795 complete detailed replies were included in the final analysis.



Data analysis

Structural equation modeling techniques were employed to analyze the collected data through Smart-PLS 3.0 statistical tools (40). Data analysis under SEM includes two steps. First, use the measurement model to assess concept, reliability, and convergent validity. Second, mediation analysis created a structural equation model to test the study hypotheses. Mediation analysis uses a mediator variable to divide the exposure-outcome relationship into direct and indirect effects. Researchers typically employ the smart-partial least squares structural equation modeling (PLS-SEM) approach to develop reasoning in exploratory research. Practical benefits of Smart-PLS-SEM include several multiple regression models, factor analysis, path coefficients analysis, confirmatory factor prediction equation, and covariance structural models (41).





Results


Descriptive statistics

Table 1 depicts the values of mean scores, standard deviation, excess kurtosis, and skewness values. It has been proven that all of the scales employed in this inquiry to determine the mean scores, standard deviation, excess kurtosis, and skewness values were consistently “reliable” and produced satisfactory results (see Table 1).



TABLE 1 Mean, standard deviation, kurtosis, and skewness of the study constructs.
[image: Table1]



Physical activity and fitness apps statistics

Figure 2 shows the distribution of the study participants’ physical activity and fitness apps during the COVID-19 pandemic. It has been found that KEEP was the favorite app among study participants used for physical activity and fitness. In addition, sun pig, hot body, daily yoga, fit time, health mall, jelly bean, and mint health are also getting popular across China.

[image: Figure 2]

FIGURE 2
 Physical activity and fitness apps statistics.




Virtual platforms for VR exercise

Figure 3 shows the virtual platforms for VR-based exercise during the COVID-19 pandemic. According to the figure, famous platforms are bilibili, red, huajiao, tik tok, the mini program in wechat, ingkee, meipai, douyu, youku, iqiyi, tencent video, kuaishou, and others.

[image: Figure 3]

FIGURE 3
 Virtual platforms for VR exercise.




Model measurement

In our study, factor analysis followed the construct reliability, discriminant validity, convergent validity, and content validity criteria. The reflective measurement model’s psychometric properties were also evaluated. The Cronbach’s alpha value for each construct was calculated to determine the reliability of the CPS, VRE, PH, PsH, and FA constructs. Computed Cronbach’s alpha values are more significant than the recommended limit of 0.70 (40). An estimate of the average variance collected was then used to assess the convergent validity (AVE). The test indicated that AVE values were above the limit of 0.50. We examined the AVEs, the Fornell-Larcker Criterion, construct reliability (CR), and Heterotrait-Monotrait (HTMT) correlation ratios for discriminant validity. We ensured that the indicator associations (square root of AVEs) with the assigned variables were higher than the correlation of all other factors (see Table 2). The variance inflation factor (VIF) was examined for all items of included constructs for multicollinearity. According to the results, the absence of multicollinearity is indicated by the estimated VIF values, which do not exceed 3 (see Table 3). VIFs suggest that the model might be evaluated structurally in more detail, and the requirements for a reflective measurement model might thus be satisfied. Further, the factor analysis confirmed that the proposed structural model is fit for hypothesis testing.



TABLE 2 Factor analysis.
[image: Table2]



TABLE 3 Discriminant validity.
[image: Table3]



PLS-SEM statistics

The SEM technique often allows the calculation and testing of many relationships simultaneously in a single projected model with many links instead of examining each connection individually. The smart-PLS-SEM method was used in this study to analyze the suggested structural model. To use the SEM, we first determine the structural model’s fitness (see Table 4). The standardized residuals between the hypothesized and observed covariance matrices are standardized, and the average index of these residuals is known as the SRMR value. It also evaluates how well a forecasted and suggested model fits with the gathered data (42). To indicate that the presented model is a good fit and acceptable, the SRMR value must be identical and be less than 0.08. The results match the model well (see Table 4).



TABLE 4 Model fitness.
[image: Table4]

For path coefficients and t-value estimation, we calculate the standardized beta (β) value to assess the importance of the presented hypothesis. When testing for unit-variation in the independent-variable (COVID-19 Preventive Strategies) constructions, the beta (β) value describes the most likely range of dependent-variable constructs to observe the direct and moderating effects of COVID-19 Preventive Strategies and fitness apps toward physical and psychological health. So, for the proposed model, we determined a beta (β) value for each possible course of action. Higher and significant beta (β) levels will have a more extensive influence on endogenous-latent constructs. The t-test is a method for assessing the level of significance of the beta (β) value. We employed bootstrapping SEM technique to evaluate the significance of the presented hypothesis (see Table 5; Figure 4).



TABLE 5 Smart PLS-SEM results.
[image: Table5]
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FIGURE 4
 PLS-SEM results.


The results of H1 (β = 0.385, t = 15.699, p = 0.000) showed statistically significant at the 5% level for COVID-19 preventive methods’ positive effects on virtual reality exercise. Consequently, the findings confirm H1, which asserted that CPS had a favorable impact on VRE. Hypothesis 2 stated, “COVID-19 preventive strategies positively affect physical health.” In Table 5, results endorse a positive effect of CPS toward PH with (β = 0.159, t = 7.405, p = 0.000), which supports H2. H3 results (β = 0.122, t = 5.435, p = 0.000) show that CPS positively influences psychological health, which is significantly supported. In a hypothetical model (see Figure 1), H4 and H5 were proposed to examine the direct effect of VRE on PH (H4) and PsH (H5). The outcomes show that VRE has a significant and positive effect on PH (β = 0.143, t = 6.493, p = 0.000) and PsH (β = 0.157, t = 6.444, p = 0.000), respectively supported. In the research framework, three hypotheses were proposed for the examination of fitness apps’ influence on PH (H6), PsH (H7), and VRE (H8). Results for the direct effect of the FA concept endorsed that there are positive and significant effects on PH (β = 0.184, t = 9.071, p = 0.000), PsH (β = 0.192, t = 9.319, p = 0.000), and VRE (β = 0.235, t = 11.899, p = 0.000). The overall results explained that using fitness apps is beneficial and supported.

Moreover, we employed the product-indicator approach in moderation analysis. According to the results, hypotheses 9, 10, and 11 stated,” fitness apps positively moderate the relationships from CPS to VRE (H9), VRE to PsH (H10), and VRE to PH (H11).” Overall results for moderating effects of fitness apps motivated the relationships among CPS, VRE, PH, and PsH constructs. Thus, the final results of Table 5 endorse the significant moderating effect of FA on the relationship among CPS and VRE with (β = −0.114, t = 4.872, p = 0.000), which shows as unfavorable, which was not supported to proposed hypothesis H9. The moderating effect of FA on relationships among VRE and PH (β = 0.042, t = 2.872, p = 0.004) as well as VRE and PsH (β = 0.041, t = 2.699, p = 0.007), which were supported to the proposed hypothesis in the model (see Figure 1; Table 5).




Discussion

Most countries have instituted travel bans to stem the tide of the SARS-CoV-2 infection. Millions of people have been compelled to adopt an abnormally inactive lifestyle due to the unexpected closure of gyms, sports grounds, and parks and firm limits to outdoor movement. Concerns about the fitness and well-being of the afflicted population are warranted due to the combination of forced physical inactivity and the emergence of undesirable coping methods, including smoking, drinking, and food cravings (43). Sports and healthy lifestyles are only two areas where the widespread use of digital technology had a substantial positive influence. Wearable and fitness apps do these functions, including monitoring physical activity, comparing user data, and establishing online communities (44). Our study results also align with the above-reported findings, and (43, 44) show that Chinese people are using more wearable and fitness apps for digital sports and physical exercise to maintain a healthy lifestyle. Regular gym-goers and members were looking for options, and many found what they were looking for in the form of customized, at-home, and probably digital sporting activities. Experts in the field of public health propose using digital tools for at-home exercises during the pandemic (45). Regular exercise has been shown to serve crucial functions in human existence. Frequent and regular exercise helps maintain a healthy weight, reduces feelings of despair and anxiety, and decreases the risk of developing disorders like mental decline (46).

The market for fitness apps designed specifically for smartphones has expanded rapidly in recent years. Smartphone applications provide extensive capabilities and advantages in mental health care (47). By leveraging the capabilities and widespread availability of mobile phones worldwide, mHealth (or mobile health) is a new approach to healthcare that improves two-way communication between patients and healthcare benefactors, expands contact with health services, and encourages a healthy lifestyle (48). An international investigation by the World Health Organization (WHO) demonstrates several applications of mobile devices in healthcare communication. Technology like this is being used to better; emergency-service provider-provider communication, patient-health monitoring, surveillance, and the healthcare system as a whole (49). Our study findings show that fitness apps and virtual reality exercise positively promote physical and psychological health in COVID-19 preventive strategies because of convenience and accessibility. Similar results were reported by (24, 50) that extensive reach, accessibility, and comfort, physical activity mobile applications provide a novel way to encourage participation in physical exercise. Commercial physical activity applications are now more widely available than ever before. Four different digital technologies are among the top 20 fitness trends according to the ACSM’s Health & Fitness Journal’s Worldwide Survey of Fitness Trends 2021. Due to self-isolation and quarantine regulations, fewer chances to be physically active, and fear of contracting COVID-19, the atmosphere produced by the pandemic encourages lower levels of habitual physical activity. Sedentary lifestyles and prolonged physical inactivity are often linked to ill physical and mental health and an elevated risk of disease-specific and all-cause death (51). Mobile health (mHealth), which uses cell phones for health-related apps, has become an essential tool for interventions to change behavior for the better and prevent health issues (52).

After two years at the top, wearable technology is now placed second. Fitness applications are ranked 12th, and virtual training ranks sixth (25, 53). KEEP, for instance, has more than 30 million users, making it one of China’s most widely used fitness applications (54). Most of our study participants also used KEEP fitness apps for an active lifestyle. Mobile apps are a potential tool for promoting at-home adherence to physical activity. Information and communication technology is frequently used in educational practices and physical health. Technology-based treatments encouraging physical activity are a good substitute for conventional medical care (33). Fitness treatment in virtual reality has a profoundly favorable effect on wellness. Virtual reality exercises for treating chronic disorders get minimal attention, and virtual reality-based treatments’ influence on anxiety mainly focuses on virtual reality training. Numerous psychological and physical advantages are linked to regular physical exercise. The cognition hypothesis outlined how people’s perceptions of events affect their emotional and behavioral responses. Both physical and psychological health has been shown to benefit from exercise. Regular physical exercise is crucial for easing isolation’s effects on mental health and maintaining a robust immune system (55). Virtual reality mixed with exercise equipment, called virtual reality fitness, increases the psychological advantages of exercise and the likelihood that individuals would exercise regularly. Our study findings and (33, 54) show that using fitness apps and virtual reality exercise positively influences physical and psychological health. Similarly, there is a rise in the use of virtual cycling in March, particularly in nations like Italy and Spain, for physical and psychological health (56, 57).



Conclusion

Users use fitness apps to plan their workouts, keep their eyes on their progress, get new ideas, and brag about their achievements on social media. Ease of use, automated monitoring, and safety are the features of fitness apps and virtual reality exercises that promote health protection motivation. Individuals experimented with a wide range of home-based workout strategies. The fitness app’s primary purpose during and after the pandemic is to motivate users to keep up with their regular at-home workouts and to utilize physical activity to keep their minds healthy. Seventy percent of deaths worldwide are attributable to non-communicable diseases, and exercise may help with prevention and therapy using fitness and healthcare apps for an active and healthy lifestyle. The social cognitive tradition has long been the dominant paradigm in the study of physical activity and has shed light on many significant themes related to physical exertion. Research on the humanistic framework for understanding physical exercise has increased dramatically over the last decade, and its results have shown early promise for explaining and altering behavior.


Implications

The relationship between new technologies and sedentary behavior is nuanced and multifaceted. Some new technology (such as video and computer games) is to blame for the widespread problem of inactivity that has developed in recent decades. However, other cutting-edge technologies have been widely used to advocate for exercise and health. Healthcare professionals may be crucial in evaluating and adopting new technologies. The information in this area will provide readers with a solid grounding in applying cutting-edge technology in assessing and promoting physical activity. We anticipate this information will further encourage researchers and medical experts to use cutting-edge physical activity and health technology. Fitness technology is effective in getting sedentary people to participate in physical exercise.



Limitations

The current study has several limitations (snowball sampling, cross-sectional research design, dependent on fitness apps and virtual platforms, self-administered questionnaire, rational and deductive approach for questionnaire construction). Snowball sampling is a non-probability sampling technique where participants are recruited through referrals from existing participants. Due to the COVID-19 restrictions, we recruited study participants using the snowball sampling technique because it is a helpful method for accessing the hard-to-reach population. A cross-sectional research design was used in the study, meaning that data is collected from different individuals at a single point in time. This design helps examine relationships between variables at a specific moment. The study’s limitations stem from the fact that the participants must use fitness apps and virtual platforms for their psychological and physical health. This criterion introduces a selection bias, as individuals who do not use such technologies or prefer alternative health maintenance methods are excluded. The self-administered questionnaire was developed using a rational and deductive approach to questionnaire construction. While this approach allows for a systematic development process based on theoretical frameworks and existing literature, it may limit the inclusion of novel or unexpected constructs that could emerge from a more exploratory approach.




Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics committee of Soochow University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

RM is the principal investigator and overall wrote and edited the manuscript. MY contributed to drafting the literature review and discussion. LQ and ZS performed the statistical analysis. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by a grant from Department of Education of Guangdong Province (No. 2022KCXTD027) and Guangdong Key Construction Discipline Research Ability Enhancement Project (2021ZDJS108).



Acknowledgments

The authors thank all the researchers for data collection and processing and acknowledge our study’s survey participants.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1170645/full#supplementary-material



References

 1. Peeters, M, Koning, I, Lemmens, J, and Van Eijnden, R. Normative, passionate, or problematic? Identification of adolescent gamer subtypes over time. J Behav Addict. (2019) 8:574–85. doi: 10.1556/2006.8.2019.55 

 2. Ammar, A, Brach, M, Trabelsi, K, Chtourou, H, Boukhris, O, Masmoudi, L , et al. Effects of COVID-19 home confinement on physical activity and eating behaviour preliminary results of the ECLB-COVID19 international online-survey. Nutrients. (2020) 12:1583. doi: 10.3390/nu12061583


 3. Marston, HR, and Hall, AK. (2016) “Gamification: Applications for Health Promotion and Health Information Technology Engagement.” in Eds. D. Novák B. Tulu and H. Brendryen In Handbook of Research on Holistic Perspectives in Gamification for Clinical Practice (Hershey, PA: IGI Global), 78–104.


 4. Doubleday, A, Choe, Y, Busch Isaksen, T, Miles, S, and Errett, NA. How did outdoor biking and walking change during COVID-19?: a case study of three U.S. cities. PLoS One. (2021) 16:e0245514. doi: 10.1371/journal.pone.0245514 

 5. Mehta, P, McAuley, DF, Brown, M, Sanchez, E, Tattersall, RS, and Manson, JJ. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet. (2020) 395:1033–4. doi: 10.1016/s0140-6736(20)30628-0 

 6. Riley, WT, Serrano, KJ, Nilsen, W, and Atienza, AA. Mobile and wireless technologies in health behavior and the potential for intensively adaptive interventions. Curr Opin Psychol. (2015) 5:67–71. doi: 10.1016/j.copsyc.2015.03.024 

 7. McClure, C, and Schofield, D. Running virtual: the effect of virtual reality on exercise. J Human Sport Exer. (2019) 15:13. doi: 10.14198/jhse.2020.154.13


 8. Zhang, T, Solmon, MA, Kosma, M, Carson, RL, and Gu, X. Need support, need satisfaction, intrinsic motivation, and physical activity participation among middle school students. J Teach Phys Educ. (2011) 30:51–68. doi: 10.1123/jtpe.30.1.51


 9. Bort-Roig, J, Gilson, ND, Puig-Ribera, A, Contreras, RS, and Trost, SG. Measuring and influencing physical activity with smartphone technology: a systematic review. Sports Med. (2014) 44:671–86. doi: 10.1007/s40279-014-0142-5 

 10. Zeng, N, and Gao, Z. Health wearable devices and physical activity promotion. Technol Phys Act Health Promot. (2017):148–64. doi: 10.4324/9781315526171-8


 11. Hakala, S, Rintala, A, Immonen, J, Karvanen, J, Heinonen, A, and Sjögren, T. Effectiveness of technology-based distance interventions promoting physical activity: systematic review, meta-analysis and meta-regression. J Rehabil Med. (2017) 49:97–105. doi: 10.2340/16501977-2195 

 12. Zhang, W. (2022). Share of fitness app users in China 2021, by city tier. Available at: https://www.statista.com/statistics/1245486/china-geographical-distribution-of-fitness-app-users/ (Accessed May 15, 2022)


 13. Yoganathan, D, and Kajanan, S. What drives fitness apps usage? An empirical evaluation. Creat Value All Through IT. (2014) 429:12. doi: 10.1007/978-3-662-43459-8_12


 14. Knight, E, Stuckey, MI, Prapavessis, H, and Petrella, RJ. Public health guidelines for physical activity: is there an app for that? A review of android and apple app stores. JMIR Mhealth Uhealth. (2015) 3:e43. doi: 10.2196/mhealth.4003 

 15. Wang, T, Ren, M, Shen, Y, Zhu, X, Zhang, X, Gao, M , et al. The association among social support, self-efficacy, use of mobile apps, and physical activity: structural equation models with mediating effects. JMIR Mhealth Uhealth. (2019) 7:e12606. doi: 10.2196/12606 

 16. Ng, JY, Ntoumanis, N, Thøgersen-Ntoumani, C, Deci, EL, Ryan, RM, Duda, JL , et al. Self-determination theory applied to health contexts. Perspect Psychol Sci. (2012) 7:325–40. doi: 10.1177/1745691612447309


 17. Deci, EL, and Ryan, RM. The "what" and "why" of goal pursuits: human needs and the self-determination of behavior. Psychol Inq. (2000) 11:227–68. doi: 10.1207/s15327965pli1104_01


 18. Nurmi, J, Hagger, MS, Haukkala, A, Araújo-Soares, V, and Hankonen, N. Relations between autonomous motivation and leisure-time physical activity participation: the mediating role of self-regulation techniques. J Sport Exerc Psychol. (2016) 38:128–37. doi: 10.1123/jsep.2015-0222 

 19. Ajzen, I
. Perceived behavioral control, self-efficacy, locus of control, and the theory of planned behavior1. J Appl Soc Psychol. (2002) 32:665–83. doi: 10.1111/j.1559-1816.2002.tb00236.x


 20. Silva, MN, Marques, MM, and Teixeira, PJ. Testing theory in practice: the example of self-determination theory-based interventions. Europ Health Psychol. (2014) 16:171–80.


 21. Oyibo, K, Adaji, I, and Vassileva, J. Social cognitive determinants of exercise behavior in the context of behavior modeling: a mixed method approach. Digital Health. (2018) 4:205520761881155. doi: 10.1177/2055207618811555


 22. Taj, F, Klein, MC, and van Halteren, A. Digital health behavior change technology: bibliometric and scoping review of two decades of research. JMIR Mhealth Uhealth. (2019) 7:e13311. doi: 10.2196/13311 

 23. Sang, X, Menhas, R, Saqib, ZA, Mahmood, S, Weng, Y, Khurshid, S , et al. The psychological impacts of COVID-19 home confinement and physical activity: a structural equation model analysis. Front Psychol. (2021) 11:614770. doi: 10.3389/fpsyg.2020.614770 

 24. Yang, J, Menhas, R, Dai, J, Younas, T, Anwar, U, Iqbal, W , et al. Virtual reality fitness (VRF) for behavior management during the COVID-19 pandemic: a mediation analysis approach. Psychol Res Behav Manag. (2022) 15:171–82. doi: 10.2147/PRBM.S350666 

 25. Peng, X, Menhas, R, Dai, J, and Younas, M. The COVID-19 pandemic and overall well-being: mediating role of virtual reality fitness for physical-psychological health and physical activity. Psychol Res Behav Manag. (2022) 15:1741–56. doi: 10.2147/PRBM.S369020 

 26. Fang, P, Shi, S, Menhas, R, Laar, RA, and Saeed, MM. Demographic characteristics and digital platforms for physical activity among the Chinese residents during the COVID-19 pandemic: a mediating analysis. J Multidiscip Healthc. (2022) 15:515–29. doi: 10.2147/JMDH.S354984 

 27. Labrique, A, Agarwal, S, Tamrat, T, and Mehl, G. WHO digital health guidelines: a milestone for global health. NPJ Digital Med. (2020) 3:120. doi: 10.1038/s41746-020-00330-2 

 28. Streiner, DL, and Miller, HR. Prorating incomplete Wiggins and Macandrew scales. J Pers Assess. (1981) 45:427–9. doi: 10.1207/s15327752jpa4504_13 

 29. Simms, LJ
. Classical and modern methods of psychological scale construction. Soc Personal Psychol Compass. (2007) 2:414–33. doi: 10.1111/j.1751-9004.2007.00044.x


 30. Oosterveld, P, Vorst, HC, and Smits, N. Methods for questionnaire design: a taxonomy linking procedures to test goals. Qual Life Res. (2019) 28:2501–12. doi: 10.1007/s11136-019-02209-6 

 31. Tsang, S, Royse, CF, and Terkawi, AS. Guidelines for developing, translating, and validating a questionnaire in perioperative and pain medicine. Saudi J Anaesth. (2017) 11:80–S89. doi: 10.4103/sja.SJA_203_17 

 32. Hall, G, Laddu, DR, Phillips, SA, Lavie, CJ, and Arena, R. A tale of two pandemics: how will COVID-19 and global trends in physical inactivity and sedentary behavior affect one another? Prog Cardiovasc Dis. (2021) 64:108–10. doi: 10.1016/j.pcad.2020.04.005 

 33. Riva, G, Bernardelli, L, Castelnuovo, G, Di Lernia, D, Tuena, C, Clementi, A , et al. A virtual reality-based self-help intervention for dealing with the psychological distress associated with the COVID-19 lockdown: an effectiveness study with a two-week follow-up. Int J Environ Res Public Health. (2021) 18:8188. doi: 10.3390/ijerph18158188 

 34. Luxton, DD, McCann, RA, Bush, NE, Mishkind, MC, and Reger, GM. MHealth for mental health: integrating smartphone technology in behavioral healthcare. Prof Psychol Res Pract. (2011) 42:505–12. doi: 10.1037/a0024485


 35. Biolo, G, Ciocchi, B, Stulle, M, Piccoli, A, Lorenzon, S, Dal Mas, V , et al. Metabolic consequences of physical inactivity. J Ren Nutr. (2005) 15:49–53. doi: 10.1053/j.jrn.2004.09.009


 36. Free, C, Phillips, G, Galli, L, Watson, L, Felix, L, Edwards, P , et al. The effectiveness of mobile-health technology-based health behaviour change or disease management interventions for health care consumers: a systematic review. PLoS Med. (2013) 10:e1001362. doi: 10.1371/journal.pmed.1001362 

 37. Whalley, B, Rees, K, Davies, P, Bennett, P, Ebrahim, S, Liu, Z , et al. Psychological interventions for coronary heart disease. Cochrane Database Syst Rev. (2011) 8:CD002902. doi: 10.1002/14651858.cd002902.pub3


 38. Jiménez-Pavón, D, Carbonell-Baeza, A, and Lavie, CJ. Physical exercise as therapy to fight against the mental and physical consequences of COVID-19 quarantine: special focus in older people. Prog Cardiovasc Dis. (2020) 63:386–8. doi: 10.1016/j.pcad.2020.03.009 

 39. Booth, FW, Roberts, CK, Thyfault, JP, Ruegsegger, GN, and Toedebusch, RG. Role of inactivity in chronic diseases: evolutionary insight and pathophysiological mechanisms. Physiol Rev. (2017) 97:1351–402. doi: 10.1152/physrev.00019.2016 

 40. Hair, JF, Hult, GT, Ringle, CM, Sarstedt, M, and Thiele, KO. Mirror, mirror on the wall: a comparative evaluation of composite-based structural equation modeling methods. J Acad Mark Sci. (2017) 45:616–32. doi: 10.1007/s11747-017-0517-x


 41. Götz, O., Liehr-Gobbers, K., and Krafft, M. (2009). Evaluation of structural equation models using the partial least squares (PLS) approach. Esposito Vinzi, V., Chin, W., Henseler, J., and Wang, H. Handbook of partial least squares, 691–711. Springer: Berlin.


 42. Chen, FF
. Sensitivity of goodness of fit indexes to lack of measurement invariance. Struct Equ Model Multidiscip J. (2007) 14:464–504. doi: 10.1080/10705510701301834


 43. Middelweerd, A, Mollee, JS, Van der Wal, CN, Brug, J, and Te Velde, SJ. Apps to promote physical activity among adults: a review and content analysis. Int J Behav Nutr Phys Act. (2014) 11:97. doi: 10.1186/s12966-014-0097-9 

 44. Jong, ST, and Drummond, MJ. Exploring online fitness culture and young females. Leis Stud. (2016) 35:758–70. doi: 10.1080/02614367.2016.1182202


 45. Zuo, Y, Ma, Y, Zhang, M, Wu, X, and Ren, Z. The impact of sharing physical activity experience on social network sites on residents' social connectedness: a cross-sectional survey during COVID-19 social quarantine. Glob Health. (2021) 17:1–12. doi: 10.1186/s12992-021-00661-z


 46. Speicher, M., Hall, B. D., and Nebeling, M. (2019). What is mixed reality? Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems.


 47. Pedersen, BK, and Saltin, B. Exercise as medicine – evidence for prescribing exercise as therapy in 26 different chronic diseases. Scand J Med Sci Sports. (2015) 25:1–72. doi: 10.1111/sms.12581 

 48. World Health Organization
. (2011). mHealth: New horizons for health through mobile technologies. Available at: http://www.who.int/goe/publications/goe_mhealth_web.pdf (Accessed January 5, 2023).


 49. Hahn, H, and Schreiber, A. E-health. Digital Transform. (2019):311–34. doi: 10.1007/978-3-662-58134-6_19


 50. Thompson, WR
. Worldwide survey of fitness trends for 2021. ACSMs Health Fit J. (2021) 25:10–9. doi: 10.1249/fit.0000000000000631


 51. Srivastav, A, and Samuel, A. E-neurorehabilitation: use of mobile phone based health applications during the COVID-19 pandemic. J Rehabil Med. (2020) 52:jrm00099. doi: 10.2340/16501977-2734 

 52. Diamond, R, and Waite, F. Physical activity in a pandemic: a new treatment target for psychological therapy. Psychol Psychother Theory Res Pract. (2020) 94:357–64. doi: 10.1111/papt.12294 

 53. Dahl, J. (2016). Why VCS are putting their bets in Chinese fitness startups. Available at: https://www.forbes.com/sites/jordyndahl/2016/05/22/why-vcs-are-putting-their-bets-in-chinese-fitness-startups/ (Accessed December 20, 2022).


 54. Chen, H
. Smart health facilitator: Chinese consumers' perceptions and interpretations of fitness mobile apps. Mobile Commun Asia. (2017):109–22. doi: 10.1007/978-94-024-1251-2_7 

 55. Ranasinghe, C, Ozemek, C, and Arena, R. Exercise and well-being during COVID 19 – time to boost your immunity. Expert Rev Anti-Infect Ther. (2020) 18:1195–200. doi: 10.1080/14787210.2020.1794818 

 56. Stables, J
. (2022). Garmin data reveals how the world is working out during the lockdown. Available at: https://www.wareable.com/garmin/garmin-data-lockdown-7940 (Accessed January 20, 2023).


 57. Orgilés, M, Morales, A, Delvecchio, E, Mazzeschi, C, and Espada, JP. Immediate psychological effects of the COVID-19 quarantine in youth from Italy and Spain. Front Psychol. (2020) 11:9038. doi: 10.3389/fpsyg.2020.579038




OPS/xhtml/Nav.xhtml




Contents





		Cover



		The association between COVID-19 preventive strategies, virtual reality exercise, use of fitness apps, physical, and psychological health: testing a structural equation moderation model



		Introduction



		Theoretical framework



		Hypotheses of the study









		Methodology



		Study design



		Participants recruitment



		Data collection tool



		Survey measures



		COVID-19 preventive strategies



		Virtual reality exercise



		Physical and psychological health



		Fitness apps



		Data collection



		Data analysis















		Results



		Descriptive statistics



		Physical activity and fitness apps statistics



		Virtual platforms for VR exercise



		Model measurement



		PLS-SEM statistics









		Discussion



		Conclusion



		Implications



		Limitations









		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The association between
COVID-19 preventive strategies,
virtual reality exercise, use of
fifi ness apps, physical, and
psychological health: testing a
structural equation moderation
model












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
& frontiers Frontiers in Public Health






OPS/images/fpubh-11-1170645-t001.jpg
Items SD EK

cpst 3813 1066 0917 ~1059
cps2 3807 1048 0955 ~1059
cps3 3828 1075 0813 ~1045
Cpss 3814 1076 0920 ~1086
FAL 4024 0747 2380 -1022
FA2 3949 0798 0971 ~0783
FA3 4031 0786 1570 ~0962
FAY 3.960 0826 1641 ~0992
PHI 3861 1000 1089 ~1014
PH2 3917 0.985 1386 —L127
PH3 3911 0972 1009 ~0981
PH4 3.904 0963 1308 ~1.061
PsHI 3.886 1004 1.205 ~1.067
PsH2 3912 0976 1568 ~L164
PsH3 3939 0.966 1228 ~1059
PsH4 3879 0.980 1257 ~1.039
VREL 3932 0962 1647 ~1L160
VRE2 3928 0961 1314 ~1.057
VRE3 3920 0949 1363 ~1.037
VRE4 3930 0927 1614 —1.084

M, Mean; SD, Standard Deviation; EK, Excess Kurtosis; SKP, Skewness Karl Pearsoris; CSP,
COVID-19 Preventive Strategies; FA, Fitness Apps; PH, Physical Health; PsH, Psychological
Health; VRE, Virtual Reality Exercise.





OPS/images/fpubh-11-1170645-t002.jpg
Items CPS FA H PsH VRE VIF Alpha (a) rho. CRs AVEs
cPs1 0828 0257 0238 0212 0370 1947 0.868 0.868 0910 0716
cps2 0.869 0248 0235 0.209 0415 2369

CPs3 0873 0263 0239 0.206 0399 2440

CPpst 0814 0224 0209 0.200 0413 1.802

FAL 0214 0.771 0.199 0.206 0262 1626 0.837 0841 0.891 0671
FA2 0243 0.845 0230 0219 0331 1966

FA3 0233 0.834 0233 0.226 0.328 1878

FA4 0.268 0.825 0230 0.251 0284 1846

PHI 0221 0239 0.826 0312 0251 1.869 0.870 0871 0911 0719
PH2 0224 0224 0852 0212 0182 2256

PH3 0242 0225 0853 0214 0250 2145

PH4 0235 0236 0.861 0217 0227 2224

PsHI 0205 0232 0481 0828 0217 1915 0.862 0.865 0.906 0.706
PsH2 0191 0219 0237 0839 0202 2091

PsH3 0.197 0222 0221 0836 0228 2011

PsHa 0224 0249 0302 0858 0254 2,066

VREL 0378 0300 0222 0215 0810 1860 0815 0816 0.878 0.644
VRE2 0394 0301 0231 0226 0811 1845

VRE3 0370 0283 0202 0212 0789 1744

VRE4 0374 0301 0210 0211 0798 1770

CSP, COVID-19 Preventive Strategies; FA, Fitness Apps; PH, Physical Health; PsH, Psychological Health; VRE, Virtual Reality Exerci

CR, Critical Ratios; AVE, Average Variance Extracted.





OPS/images/fpubh-11-1170645-g003.jpg
&~ Bilibili -+~ RED -# Huajiao —# Tik Tok - Mini Program...
~#- Ingkee -+ Meipai <& Douyu -4 Youku - IQiyi
- Tencent Vide.. - Kuaishou & Others





OPS/images/fpubh-11-1170645-g004.jpg
s 0869 (0.000)
0873 (0.000)
-: 814 0.000)

828 (0.000)

stratg

0811
0810 (0.000)

0.159 (0.000)

! 0143 (0.000) 0184 (0.000)
0789 (0.000)

©000) ] 0798 (0.000)

0,042 (0.007)

FATVRE
(Moderating
effect for PH)

0771 (0.000)

0385 (0.000)

baies

FA'CPS.
(Moderating
effect for VRE)

Virtual
Reality

0.114(0000)  Exercise

0235 (0.000)

oass coon 2|

oazs coop 1L

0,157 (0.000) 0,192 (0.000)

FAVRE
(Moderating
effect for PsH)

Health

0,122 (0.000)

0858
Psychological

0,828 (0.000)






OPS/images/fpubh-11-1170645-t005.jpg
Hypothetical relat Beta () Standard Deviation T Stati P Values
HI=CPS ->VRE 0385 0025 15.699 0.000
H2=CPS ->PH 0.159 0.021 7405 0.000
H3=CPS ->PsH 0122 0022 5435 0.000
H4=VRE ->PH 0.143 0022 6493 0.000
H5=VRE ->PsH 0157 0024 6444 0.000
H6=FA ->PH 0.184 0020 9.071 0.000
H7=FA ->PsH 0.192 0021 9319 0.000
H8=FA ->VRE 0235 0020 11889 0.000
H9=FA*CPS (Moderating effect for VRE) -> VRE, ~0.114 0023 4872 0.000
H10=FA*VRE (Moderating effect for PH) -> PH 0.042 0015 2872 0.004
Hi1=FA*VRE (Moderating effect for PsH) -> PsH 0.041 0015 2699 0.007

CSP, COVID-19 Preventive Strategies; FA, Fitness Apps; PH, Physical Health; PsH, Psychological Health; VRE, Virtual Reality Exerci





OPS/images/fpubh-11-1170645-t003.jpg
Constructs Heterotrait-Monotrait Ratio (HTM Fornell-Larcker Criterion

(CPS! FA PH PsH FA PH PsH
cps 1 0846
FA 0343 1 0293 0819
PH 0313 0319 1 0272 0273 0848
PsH 0281 0323 0701 1 0244 0275 0606 0.840
VRE 0561 0445 0318 0320 1 0472 0369 0270 0269 0802

CSP, COVID-19 Preventive Strategies; FA, Fitness Apps; PH, Physical Health; PsH, Psychological Health; VRE, Virtual Reality Exercise.





OPS/images/fpubh-11-1170645-t004.jpg
Fit indices Saturated model

SRMR 0.044
d_ULS 0.414
4G 0.168
Chi-Square 2,862521
NFI 0.895

SRMR, Standardized-root-mean-square-residual; d_ULS, Unweighted least squares
iscrepancy; d_G, Geodesic discrepancy; X2, Chi-square; NFI, Normed fit index






OPS/images/fpubh-11-1170645-g001.jpg
Physical
Health

H4+
SOV Virtual Reality
Preventive | Hi+ =) o 5
g N Exercise
Strategies
H5+
S Psychological

Fitness Apps| H7+ Health
H3+
I\Ioden\tingm Direct
Effec Effects






OPS/images/fpubh-11-1170645-g002.jpg
1%

70 67%

-#- Hot Body -+ keep & SunPig - Fit time = Daily Yoga
<@ Jelly Bean ~+- Health Mall <& Again -4 Nike Trainin.. =% Mint
-#- Plank Challe.. -+ Six Pack - 1 Slim 4 Strava Runni.. =% Others






