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Abstract: Introduction: During the COVID-19 pandemic, many countries implemented restrictions, 

social distancing measures, and lockdowns to limit the spread of the disease. The lockdowns have 

affected children’s screen time (ST), pain, and physical activity (PA) levels. The present study aimed 

to explore the relationships between several personal factors during the COVID-19 pandemic. 

Methods: The caregivers of 329 children (median age=8 years) filled out an online self-reported 

survey about the children’s PA, ST, and pain before, during, and after the COVID-19 curfew. 

Spearman’s rank correlation coefficient was used to explore the associations between these 

variables. Results: After the curfew, pain that existed before the pandemic had a weak negative 

relationship with PA intensity (-0.11, p=0.04) and a weak positive relationship with ST (r=+0.12, 

p=0.04). There was a strong positive relationship between ST in all time periods (p>0.01). PA and ST 

had a weak negative relationship (p>0.05) during the curfew and after the curfew but not before the 

COVID-19 pandemic. Age had a weak positive correlation with ST in all time periods (p>0.01). In 

addition, ST was affected by the curfew. Conclusion: The study findings indicated that young 

children had longer ST during the curfew and after the curfew compared with before the curfew. 

Increasing PA could lessen children’s ST, which could, in turn, increase the probability that their 

general pain would decrease. 

Keywords: Physical Activity; Screen Time; Children; Covid-19 pandemic 

 

1. Introduction 

Managing pain in children and adults is crucial for maintaining a high quality of life and 

enabling active engagement in essential daily activities [1,2]. In children, pain can be attributed to 

multiple factors, such as trauma, psychological stress, and acute or chronic illnesses [3]. 

Musculoskeletal pain, including low back pain, has been shown to be higher in inactive school-aged 

children and adolescents compared with their active peers [4]. In children, pain can be exacerbated 

by engaging in sedentary activities, such as passive screen time (ST) and online games. During the 

COVID-19 pandemic, the physical activities (PAs) of children, adolescents, and adults decreased 

significantly. Children’s diets were also affected [5]. Rates of obesity, musculoskeletal issues, and 

other health-related conditions have been rising since the pandemic. Meanwhile, PA did not rapidly 

bounce back to normal levels after the pandemic [6]. 

The prevalence of pain and the use of digital technology among children increased with the 

dramatic lifestyle changes caused by the pandemic-related lockdowns. A large number of adolescents 

as well as adults sustained the same minimal level of activity to which they became accustomed 

during the pandemic [7–9].  

The psychological impact of the pandemic and the isolation it caused led to physical and 

psychological issues associated with inadequate sleep quality and migraines [9]. In addition, online 
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schooling automatically increased children’s ST. Schools and universities have advocated for 

preventative measures to increase students’ daily activities [8]. However, younger children may not 

have received the same attention regarding engaging in PA.  

Daily curfews were imposed in Saudi Arabia and other countries to control the spread of 

COVID-19 [10]. The curfews restricted children’s participation in routine daily activities, which could 

have contributed to their pain levels. Children’s age and sedentary behaviors, including long periods 

of ST, might have also played a role in increasing their pain levels.  

The present study aimed to understand the relationships among children’s pain, PA levels, age, 

and ST before the COVID-19 pandemic, during the COVID-19-related curfew, and after the COVID-

19 curfews. This study also aimed to identify factors that could contribute to pain in young children 

so that these factors could be addressed by researchers and policymakers in the future. 

2. Materials and Methods 

2.1. Study Sample 

This cross-sectional study, which included an online survey administered via social media, was 

conducted during the official school summer holiday in 2022, when there was a partial curfew in 

place in the country due to the COVID-19 pandemic. The population selected for sampling was 

caregivers of six- to nine-year-old children in Saudi Arabia. Ethics approval for the study was 

obtained from the ethics committee of Princess Nourah bint Abdulrahman University in Riyadh, 

Saudi Arabia (H-01-R-059), in accordance with the Helsinki Declaration on ethical standards in 

human research. Informed consent was obtained from all caregivers prior to commencing the data 

collection process. 

2.2. Instrumentation 

A self-reported survey was designed to collect information about pain, PA, and ST during three 

time periods: before the COVID-19 pandemic, during the COVID-19 pandemic-related curfew, and 

during the COVID-19 pandemic but after the curfew ended (i.e., when social distancing was in effect 

but there was no curfew). The survey had three main parts. Part one concerned demographic 

information, including the age and gender of the child. Part two included a question about pain 

frequency in which the respondents were asked to use a five-point Likert scale to describe how often 

the child suffered from pain during the COVID-19 pandemic (no pain, rarely, sometimes, often, 

always). In addition, the respondents were asked to use a four-point Likert scale to describe changes 

related to pain that the child first experienced before the COVID-19 pandemic (no pain, better/pain 

decreased, no change, worse/pain increased).  

Part three provided clear definitions of PA and ST. It also included questions about the child’s 

PA frequency in days (e.g., How many days did your child practice athletic activities for at least 60 

minutes?), PA intensity in days (e.g., How many days did your child practice athletic activities to 

strengthen his/her bones and muscles, such as jumping rope, climbing high objects, running, dancing, 

or performing aerobic exercise with a family member?), and PA duration in minutes (e.g., For 

approximately how many minutes per day did your child practice athletic activities to strengthen 

his/her bones and muscles, such as jumping rope, climbing high objects, running, dancing, or 

performing aerobic exercise with a family member?). These questions were repeated for each time 

period under study. Valid and reliable PA questions were adopted from Prochaska et al. [11]. Part 

three also included three questions about ST adopted from Melkevik et al. [12] about the total number 

of hours that the child spent watching screen, engaging in screen play, and using devices generally.  

All questions were written in English and then translated into Arabic in a three-step process by 

a certified translation center to ensure the validity of the Arabic version of the survey. To confirm the 

clarity of the questions in Arabic, eight caregivers from different educational levels and backgrounds 

reviewed and commented on the survey twice before the study commenced. All comments were 

considered, and modifications were made to the survey. 
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2.3. Data and Statistical Analysis 

All continuous variables were screened to assess normality using Kolmogrov–Smirnov tests and 

graphical inspection methods, including histograms, normal quantile–quantile (Q-Q) plots, and box 

plots. Since the variables did not follow a normal distribution, nonparametric analysis was used. 

Regarding the descriptive statistics, frequencies, percentages, and medians were calculated for all 

variables. Spearman’s rank correlation coefficient was used to explore the associations for the 

continuous and categorical variables. The level of significance was set at p ≤ 0.05 at 95% confidence 

intervals (CIs). 

3. Results 

3.1. Descriptive Statistics  

A total of 329 surveys completed by caregivers of six- to nine-year-old children were included 

in the study. The median age of the children was 8 years. There were slightly more female children 

(54%) than male children (47%) in the sample. The descriptive statistics of the children’s demographic 

characteristics and the variables examined across the three periods under study are presented in 

Tables 1 and 2. 

Table 1. Descriptive statistics of the children’s demographic characteristics and the variables. 

Variables  
Count from a total 

of 329 
 %  median 

  6y  67  20%   

Age  7 y  78  24%  

8y   8 y  96  29%  

  9 y  92  28%  

 

Screen hours 
 After curfew  - - -  8h 

  During curfew  - - -  8h 

  Before Covid-19  - - -  4h 

Gender  female  178  54%  
 

  male  155  47%  

Pain 

frequency 
 0 (No pain )  293  89%  0 

  1(Rarely)  11  3%   

  2 (Sometimes)  23  7%   

  3 (Often)  6  2%   

  4 (Always)  0  0%   

Pain 

behaviour 
 0 (No pain )  306  93%  0 

  
1(better/ pain 

decreased) 
 3  1%   

  2 (no change)  15  5%   

  
3 (worse /pain 

increased) 
 9  3%   

Pain type  

Headache 

Abdominal  

Musculoskeletal 

Fever associated 

body ache  

Other   

 

 

4 

6 

19 

5 

 

 

6 

 

11% 

17% 

56% 

15% 

 

 

11% 

 - 

Y, years; h, hours; %, percentage 

Table 2. Children’s PA frequency, intensity, and duration (n=329). 
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N of 

Days 

After 

curfew 

N(%) 

During 

curfew 

N(%) 

Before 

Covid 

N(%) 

  

 

After 

curfew 

N(%) 

 

 During 

curfew 

N(%) 

Before 

Covid 

N(%) 

  

 

After 

curfew 

N(%) 

 

During 

curfew 

N(%) 

Before 

Covid 

N(%) 

PA frequency   PA intensity PA duration 

0d 114 (35%) 49 (15%) 
57 

(17%) 
 0d 130 (40%) 

112 

(34%) 
65 (20%)  0 min 113 (34%) 92 (28%) 57 (17%) 

1d 60 (18%) 43 (13%) 
40 

(12%) 
 1d 51 (16%) 

48 

(15%) 
41 (12%)  

≥ 30 

min 
127 (39%) 

143 

(43%) 

116 

(35%) 

2d 62 (19%) 43 (13%) 
73 

(22%) 
 2d 57 (17%) 

48 

(15%) 
87 (26%)  

<30 

min 
54 (16%) 63 (19%) 85 (26%) 

3d 
30 

(9%) 
49 (15%) 

64 

(19%) 
 3d 39 (12%) 

52 

(16%) 
60 (18%)  

≥60 

min 

 

39 (12%) 35 (11%) 75 (23%) 

4d 27 (8%) 23 (7%) 
46 

(14%) 
 4d 15 (5%) 27 (8%) 22 (7%)   - - - 

5d 15 (5%) 17 (5%) 25 (8%)  5d 11 (3%) 15 (5%) 24 (7%)   - - - 

6d 7 (2%) 6 (2%) 10 (3%)  6d 8 (2%) 7 (2%) 11 (3%)   - - - 

7d 7 (2%) 32 (10%) 18 (5%)  7d 22 (7%) 24 (7%) 23 (7%)   - - - 

N, numbers; %, percentage 

3.2. Correlation 

Pain that started before the COVID-19 pandemic had a significant but weak inverse association 

with PA intensity (r=-0.11, p=0.04) and a significant but weak positive association with the ST after 

the (r=+0.12, p=0.04). No significant associations were found between pain behavior and the variables 

for the other two time periods (i.e., before the COVID-19 pandemic and during the curfew). Similarly, 

no significant associations were found in pain frequency during any of the time periods.  

In all time periods (after the curfew, during the curfew, and before the COVID-19 pandemic), ST 

had a significant and strong positive relationship (r=+0.82, +0.62, and +0.58, respectively; p=0.00). In 

the last seven days, ST had significant but weak inverse correlations with PA frequency, intensity, 

and duration during the curfew (r=-0.12, -0.19, and -0.25, respectively; p=0.03, 0.00, and 0.00, 

respectively). It also had a significant but weak inverse correlations with PA intensity and duration 

after the curfew (r=-0.23 and -0.25, respectively; p=0.00 and 0.00, respectively). ST had significant but 

weak inverse correlations with the PA variables during the curfew (r=-0.11, -0.11, and -0.18, 

respectively; p=0.05, 0.04, and 0.00, respectively) and during the last seven days (r=-0.13 and -0.14, 

respectively; p=0.02 and 0.00, respectively). However, for the period before the COVID-19 pandemic, 

the correlations between ST and all other variables were weak, negative, and nonsignificant (Table 

3). 

Age had a significant but weak positive correlation with ST during all three time periods (r=0.18, 

+0.15, and +0.17, respectively; p=0.00, 0.01, and 0.00, respectively). No significant associations were 

found between age and the PA variables during any of the time periods (Table 3). 

Table 3. Variables and correlation coefficient analysis during the three time periods. 

variable

s 
age 

PA 

freque

ncy 

PA 

intens

ity 

PA 

duratio

n 

Scree

n 

time 

PA 

frequen

cy 

PA 

intensi

ty 

PA 

durati

on 

Scree

n 

time 

PA 

frequen

cy 

PA 

intensi

ty 

PA 

durati

on 

Scree

n 

time 

  After curfew, r (p) During curfew, r (p) Before Covid , r (p) 
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Pain 

frequenc

y 

 

+0.08 

(0.16) 

+0.03 

(0.58) 

-0.10 

(0.08) 

0.00  

 

(0.95) 

+0.07 

(0.18) 

+0.02 

(0.74) 

-0.10 

(0.07) 

+0.02 

(0.76) 

+0.07 

(0.19) 

+0.03 

(0.60) 

+0.02 

(0.78) 

+0.10 

(0.08) 

+0.04 

(0.52) 

Pain 

Behavio

ur before 

Covid 

+0.03 

(0.64) 

+0.06 

(0.31) 

-0.11 

(0.04*

) 

-0.03 

(0.53) 

+0.12 

(0.04*)

+0.02 

(0.66) 

-0.09 

(0.11) 

-0.01 

(0.88) 

+0.08 

(0.16) 

+0.01 

(0.88) 

+0.02 

(0.72) 

+0.06 

(0.29) 

+0.04 

(0.49) 

age  
+0.01 

(0.83) 

-0.02 

(0.78) 

-0.05 

(0.33) 
 

+0.05 

(0.41) 

+0.05 

(0.34) 

+0.04 

(0.49) 
 

+0.04 

(0.45) 

+0.03 

(0.65) 

+0.05 

(0.34) 
 

Screen 

Time 

Last 7 

days 

+0.18 

(0.00*

) 

-0.10  

(0.08) 

-0.23 

(0.00*

) 

-0.25 

(0.00*) 

 

 

-0.12 

(0.03*) 

-0.19 

(0.00*) 

-0.25 

(0.00*) 

+0.58 

(0.00*

) 

+0.02 

(0.73) 

-0.09 

(0.09) 

-0.00 

(0.93) 
 

Screen 

Time 

During 

curfew 

+0.15

 (

0.01*) 

-0.04 

(0.48) 

-0.13 

(0.02*

) 

-0.14 

(0.00*) 

+0.82 

(0.00*)

-0.11 

(0.05*) 

-0.11 

(0.04*) 

-0.18 

(0.00*) 
 

+0.05 

(0.42) 

+0.01 

(0.89) 

+0.08 

(0.16) 
 

Screen 

Time 

Before 

covid 

+0.17

 (

0.00*) 

-0.01 

0.79 

-0.01 

(0.82) 

-0.03 

(0.58) 

+0.65 

(0.00*)

-0.07 

(0.21) 

-0.06 

(0.30) 

-0.10 

(0.06) 
 

-0.07 

(0.20) 

-0.05 

(0.33) 

-0.07 

(0.17) 
 

PA, physical activity; r, Spearman’s Rank correlation coefficient; p, significance;  *, p ≤ 0.05; 

4. Discussion 

This study aimed to investigate the association between pain, PA, and ST during three time 

periods during the Covid-19 pandemic. Our study showed that the pain, which started before Covid-

19, was getting worse in children who spent longer ST while the pain decreased in those who 

involved in higher PA levels. Also, PA generally correlated inversely with ST during and after curfew 

but not in the period before the Covid. Screen time spent by children was proportional in all periods. 

Interestingly, children age was correlated positively with ST in all periods. 

Our study showed that pain was significantly correlated with ST after the curfew in the period 

of Covid. This is consistent with what was found in older school aged children, as pain was also 

associated with ST [13]. Pain was also significantly associated with the intensity of physical activity. 

Pain limits the participation in physical activity. According to the PA guidelines for Americans, 

children should participate daily in at least moderate levels of physical activities to maintain a healthy 

lifestyle [14]. Staying active can have numerous positive effects on the children’s overall health but 

the lockdown decreased the children’s ability to stay physically active [15].  

Our study showed that ST increased during and after the curfew that was imposed during the 

pandemic. This increase is expected with the lockdown especially for young children with the limited 

access to outdoor activities and social distancing. This is consistent with the results of study done in 

Saudi Arabia [16]. Evenson et al. (2023), found that the amount of sedentary behaviours increased 

with the application of Covid-19 restrictions. Our study also showed that ST before and during 

Covid-19 increase when the children’s PA intensity and duration decrease. Increased ST and limited 

in person communications could negatively impact the children’s overall health [17]. 

Regular at home PA may assist in limiting the negative squeal of sedentary behaviours. Parents, 

caregivers, as well as teachers should encourage these children to participate in different types of 

activities that are interesting to these children to decrease their passive engagement in ST activities 

[18–21]. 

Age was a significant factor that affected the amount of time spent on screens. An increase in ST 

with age could be because older children spend more time on social and recreational activities [22]. 

Children’s engagement in ST could also be affected by the amount of time their parents spend on 

screens [23]. 
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Parents are advised to limit their online activities and connect with their children and encourage 

them to explore nature and engage in outdoor activities to promote emotional and behavioral 

wellbeing [24].  

Limitations and Future Studies  

Although this study recruited a large number of participants from different regions in Saudi 

Arabia, the cross-sectional design of this study could confine the generalizability of the results. The 

pain questions were used in this survey were not thoroughly validated. However, content and face 

validity were established for these questions. More studies should be conducted to investigate the 

relationship between different types of pain and ST before and after the pandemic. The results of this 

study cannot confirm a causative relationship between the studied variables. Experimental studies 

are needed to identify the best methods that can be used to overcome the unavoidable sedentary 

behaviours that could accompany any pandemic related lockdowns. Accessibility to virtual reality 

games and activities could be used by children as an alternative to improve their engagement in 

physical activities if limitations to outdoor activities were imposed [25]. 

5. Conclusions 

During the pandemic, the amount of ST increased with age before, during, and after the curfew. 

The result of this study shows that the pandemic related curfew increased the children’s ST which in 

turn could affect the children’s participation in physical activities. In case of another pandemic 

imposing  curfew, efforts should be directed toward limiting the children’s ST and incorporating 

actions that aim at increasing their engagement in activities to reach the recommended guidelines for 

physical activity.  

Author Contributions: Conceptualization, R.B. and R.A.; methodology, R.B., M.A., A.G. and R.A; software, R.B; 

validation, R.B., and A.G.; formal analysis, R.B and R.A.; investigation, R.B., M.A., A.G. and R.A.; data curation, 

R.B., M.A. and R.A.; writing—original draft preparation, R.B and A.G.; writing—review and editing, M.A and 

R.A.; visualization, R.B.; project administration, R.B. and R.A.; funding acquisition, R.B. All authors have read 

and agreed to the published version of the manuscript. 

Funding: This research received no external funding 

Institutional Review Board Statement: Ethics approval for the study was obtained from the ethics committee 

of Princess Nourah bint Abdulrahman University in Riyadh, Saudi Arabia (H-01-R-059), in accordance with the 

Helsinki Declaration on ethical standards in human research. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.”  

Acknowledgments: This work was funded by Princess Nourah bint Abdulrahman University researchers’ 

supporting project number (PNURSP2024R 267), Princess Nourah bint Abdulrahman University, Riyadh, Saudi 

Arabia. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1.  Cohen-Cymberknoh M, Shoseyov D, Kerem E. Managing Cystic Fibrosis. Am. J. Respir. Crit. Care Med. 

2011;183:1463–71.  

2.  Hadi MA, McHugh GA, Closs SJ. Impact of Chronic Pain on Patients’ Quality of Life: A Comparative 

Mixed-Methods Study. J. Patient Exp. 2019;6:133–41.  

3.  Walker SM. Pain in children: recent advances and ongoing challenges. BJA Br. J. Anaesth. 2008;101:101–10.  

4.  Skoffer B, Foldspang A. Physical activity and low-back pain in schoolchildren. Eur. Spine J. 2008;17:373–9.  

5.  Abdulsalam NM, Khateeb NA, Aljerbi SS, Alqumayzi WM, Balubaid SS, Almarghlani AA, et al. 

Assessment of Dietary Habits and Physical Activity Changes during the Full COVID-19 Curfew Period and 

Its Effect on Weight among Adults in Jeddah, Saudi Arabia. Int. J. Environ. Res. Public. Health 2021;18:8580.  

6.  Roggio F, Trovato B, Ravalli S, Di Rosa M, Maugeri G, Bianco A, et al. One Year of COVID-19 Pandemic in 

Italy: Effect of Sedentary Behavior on Physical Activity Levels and Musculoskeletal Pain among University 

Students. Int. J. Environ. Res. Public. Health 2021;18:8680.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 July 2024                   doi:10.20944/preprints202407.1613.v1

https://doi.org/10.20944/preprints202407.1613.v1


 7 

 

7.  Bates LC, Zieff G, Stanford K, Moore JB, Kerr ZY, Hanson ED, et al. COVID-19 Impact on Behaviors across 

the 24-Hour Day in Children and Adolescents: Physical Activity, Sedentary Behavior, and Sleep. Children 

2020;7:138.  

8.  Mahdavi SB, Kelishadi R. Impact of Sedentary Behavior on Bodily Pain While Staying at Home in COVID-

19 Pandemic and Potential Preventive Strategies. Asian J. Sports Med. [Internet] 2020 [cited 2023 Aug 

31];11. Available from: https://brieflands.com/articles/asjsm-103511.html#abstract 

9.  Pedrosa Luna Oliveira J, Zangirolami-Raimundo J, Evaristo De Andrade P, Louise Pereira Lima S, 

Cavalcante Lima AR, De Abreu LC, et al. Relationship between musculoskeletal pain, sleep quality and 

migraine with level of physical activity in college students during the COVID-19 pandemic. Heliyon 

2022;8:e10821.  

10.  Algaissi AA, Alharbi NK, Hassanain M, Hashem AM. Preparedness and response to COVID-19 in Saudi 

Arabia: Building on MERS experience. J. Infect. Public Health 2020;13:834–8.  

11.  Prochaska JJ, Sallis JF, Long B. A Physical Activity Screening Measure for Use With Adolescents in Primary 

Care. Arch. Pediatr. Adolesc. Med. 2001;155:554–9.  

12.  Melkevik O, Torsheim T, Iannotti RJ, Wold B. Is spending time in screen-based sedentary behaviors 

associated with less physical activity: a cross national investigation. Int. J. Behav. Nutr. Phys. Act. 2010;7:46.  

13.  Pirnes KP, Kallio J, Hakonen H, Hautala A, Häkkinen AH, Tammelin T. Physical activity, screen time and 

the incidence of neck and shoulder pain in school-aged children. Sci. Rep. 2022;12:10635.  

14.  Landry BW, Driscoll SW. Physical Activity in Children and Adolescents. PM&R 2012;4:826–32.  

15.  Schmidt SCE, Anedda B, Burchartz A, Eichsteller A, Kolb S, Nigg C, et al. Physical activity and screen time 

of children and adolescents before and during the COVID-19 lockdown in Germany: a natural experiment. 

Sci. Rep. 2020;10:21780.  

16.  Evenson KR, Alothman SA, Moore CC, Hamza MM, Rakic S, Alsukait RF, et al. A scoping review on the 

impact of the COVID-19 pandemic on physical activity and sedentary behavior in Saudi Arabia. BMC 

Public Health 2023;23:572.  

17.  Lissak G. Adverse physiological and psychological effects of screen time on children and adolescents: 

Literature review and case study. Environ. Res. 2018;164:149–57.  

18.  Qin F, Song Y, Nassis GP, Zhao L, Dong Y, Zhao C, et al. Physical Activity, Screen Time, and Emotional 

Well-Being during the 2019 Novel Coronavirus Outbreak in China. Int. J. Environ. Res. Public. Health 

2020;17:5170.  

19.  Prescott CR. Increased Screen Time and Dry Eye: Another Complication of COVID-19. Eye Contact Lens 

2021;47:433.  

20.  Stienwandt S, Cameron EE, Soderstrom M, Casar M, Le C, Roos LE. Family Factors Associated with Hands-

On Play and Screen Time During the COVID-19 Pandemic. Child Youth Care Forum 2022;51:1091–115.  

21.  Maugeri G, Castrogiovanni P, Battaglia G, Pippi R, D’Agata V, Palma A, et al. The impact of physical 

activity on psychological health during Covid-19 pandemic in Italy. Heliyon 2020;6:e04315.  

22.  Toombs E, Mushquash CJ, Mah L, Short K, Young NL, Cheng C, et al. Increased Screen Time for Children 

and Youth During the COVID-19 Pandemic [Internet]. Ontario COVID-19 Science Advisory Table; 2022 

[cited 2023 Aug 31]. Available from: https://covid19-sciencetable.ca/sciencebrief/increased-screen-time-for-

children-and-youth-during-the-covid-19-pandemic 

23.  Isarabhakdi P, Pewnil T. Engagement with family, peers, and Internet use and its effect on mental well-

being among high school students in Kanchanaburi Province, Thailand. Int. J. Adolesc. Youth 2016;21:15–

26.  

24.  Oswald TK, Rumbold AR, Kedzior SGE, Moore VM. Psychological impacts of “screen time” and “green 

time” for children and adolescents: A systematic scoping review. PLOS ONE 2020;15:e0237725.  

25.  Liu R, Menhas R, Dai J, Saqib ZA, Peng X. Fitness Apps, Live Streaming Workout Classes, and Virtual 

Reality Fitness for Physical Activity During the COVID-19 Lockdown: An Empirical Study. Front. Public 

Health [Internet] 2022 [cited 2023 Aug 31];10. Available from: 

https://www.frontiersin.org/articles/10.3389/fpubh.2022.852311 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 July 2024                   doi:10.20944/preprints202407.1613.v1

https://doi.org/10.20944/preprints202407.1613.v1

