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Purpose: This research focused primarily on the impact of the SARS-CoV-2 Vaccine (VeroCell) on Chinese physical education (PE) students' health and physical activity (PA) performance.

Methods: This study used quantitative methods and phenomenological procedures to collect and analyze data. Survey techniques were the main method used for collecting data from Chinese university students, using a self-designed questionnaire with a Cronbach's alpha α value of 0.76. To ensure the quality of the study, confirmatory factor analyses (CFA) were conducted, and the internal consistency reliability of the instrument was measured (alpha coefficient = 0.82). The determined sample size was 490 and around 90% as the minimum sample size was determined with the help of a sample size calculator. The author using factor loadings with h2 and an independent-sample t-test analyzed the responses of the remaining valid participants (n = 443 with a response rate of 90.40).

Results: Most participants (around 94%) did not experience any adverse reactions that impacted their daily life activities, health, or performance during physical activity. However, about 30–40% of students felt lethargy, weakness, muscle pain, or swelling. Regarding the impact of the vaccine on daily life, there was no difference in the responses between participants who had only received one shot of the coronavirus disease 2019 (COVID-19) vaccine and those who had received two shots (p > 0.05 in most cases).

Conclusion: The study concluded that the COVID-19 vaccine had no significant effect on PE students' daily activities, health, and PA performance. The results of this study could be used by policymakers to encourage people to get vaccinated and eradicate the isolation caused by COVID-19, which leads many people to develop various non-communicable diseases (NCDs).
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INTRODUCTION

More than 15 million people have been victims of this pandemic, and almost 600,000 people have died from COVID-19 in nearly 210 countries worldwide. COVID-19 was first identified in Wuhan, China, in December 2019. The cause of the disease is severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1–3). No pandemic has taken as many lives worldwide since the influenza outbreak in Spain during World War I. Many studies have pointed out that anxiety has been the biggest problem throughout the world during the pandemic, followed by sleeping problems, and depression (4). The greatest harm posed by the virus to normal human health includes direct damage to the immune system, damage to the respiratory system, and the deterioration of underlying medical conditions, which progresses to systemic failure and death (5). Thousands of patients have been hospitalized due to COVID-19, and thousands of others were forced to quarantine. It is conceivable that this huge change in lifestyle, brought about by stagnation (confined to bed or hospitalization), isolation, and a more sedentary lifestyle, may damage the health and wellbeing of those affected and the population (6) (see Figure 1).


[image: Figure 1]
FIGURE 1. Circle of Covid-19 patient.



Scenario of COVID-19 Vaccine Globally

As of July 2021, almost three billion doses of the COVID-19 vaccine have been administered worldwide 0.19 COVID-19 vaccines have been approved in at least one country, involving more than 11.48 billion doses. Some of these have been very effective in both clinical trials and real-world applications, and some are designed to cater to the needs of certain populations. Very few countries have approved the COVID-19 vaccine for children and adolescents (7).

Currently, almost 105 types of COVID-19 vaccine are under clinical trials, and 184 different vaccines against COVID-19 are in the pre-clinical stages (8). Most vaccines target some or all of the SARS-CoV-2 spike proteins. Various platform technologies are being studied, including viral vectors, protein subunits, RNA, DNA, and inactivation, 21, 32, 17, 10, and 16, respectively. Viral vector vaccines and messenger RNA (mRNA) nucleic acid vaccines are new formulas. They are comparatively faster to develop and manufacture, partly because developers only need to consider the genomic sequences of SARS-CoV-2 rather than physical models of viruses. One procedural limitation of mRNA vaccines is that they must be stored at ultra-low temperatures, making distribution difficult. However, there have been first phase trials of freezer stabilized mRNA vaccine (mRNA-1,283, Moderna) and lyophilized preparation (9, 10). Around nineteen COVID-19 vaccines had received regulatory approval in at least one country by June 2021 (11). Most of these had only temporary or emergency authorization, usually based on the results of temporary phase III trials.

In some cases, there are no publicly available clinical trial results. The World Health Organization (WHO) has included six unique vaccines in the emergency use list (EUL), and many other vaccines are under evaluation (12). The WHO EUL is a precondition for vaccine supply to COVID-19 Vaccine Global Access Facilities (COVAX). COVAX is an initiative of the Global Vaccine Alliance (Gavi), the Coalition of Epidemic Preparedness Innovations (CEPI), and the WHO. It is committed to accelerating the production and development of COVID-19 vaccines and ensuring equal distribution to the world via shared mechanisms.



Vaccine Efficacy and Effectiveness

Vaccine efficacy refers to the relative risk of the same results under experimental conditions, such as observational studies (“phase IV” studies). The proportion of exact results of interest to the people who have received vaccine shot(s) is reduced (relative risk reduction) compared with unvaccinated people under “ideal” conditions, such as in phase III controlled clinical trials (13). For the COVID-19 vaccine, which is currently in use, efficacy data can only be obtained from the interim phase III trials or previous studies. According to published data, the effectiveness of the COVID-19 vaccines ranges from 50 to 95% (7). Many COVID-19 vaccines have a positive effect on severe disease, which also helps in reducing the risk of asymptomatic disease, which may decrease the spread of SARS-CoV-2. The available phase IV efficacy data are usually closely related to the results of clinical trials. This is reassuring because many countries worldwide prioritize vaccination of groups excluded or underrepresented in clinical trials, for example, the elderly and people with medical conditions, whose immune response to the vaccine may be weaker (14). The efficacy of the various COVID-19 vaccines is diverse for a range of reasons, such as inclusion criteria and definition of test results, different settings, different strains of SARS COV-2, and different infection rates in the countries where the trials were conducted. Currently, it is hard to identify the period of protection provided by the vaccines available at present (or by natural immunization). A correlative of protection (CoP) will help speed up the evaluation of new vaccines (including vaccines focusing on particular populations and variants) and the need for and timing of vaccine booster doses. The CoP has not been developed, although neutralizing antibody titers seems to be a good predictor of vaccine efficiency (15).

As the main journal of sports medicine and health globally, the Editors share a strong sense of responsibility to provide an overview of the impact of the COVID-19 vaccine on the health and performance in physical activity (PA) of physical education (PE) students. Thus, this study aims to highlight whether the COVID-19 vaccine impacts the daily life activity of the participants, mainly addressing the impact of the vaccine on the health and physical activity performance of PE students. Although there are a few studies from this perspective, regarding the side effects of COVID-19, they are, by no means, exhaustive. In addition, the existing literature (including that concerning the influenza vaccine) may oversimplify the COVID-19 vaccine's impact on the health and physical activity performance of the physical education university students. Our study has the potential to provide a fresh understanding of the relationship between the SARS-CoV-2 Vaccine (VeroCell, which is adjuvanted with aluminum hydroxide) (16) doses and the health and physical activity performance of PE students, in this case, the university students. Notably, the health status of the participants can be observed within a short time after vaccination, for impact on sports participation, long-time observation is required, and in this case, both are observed. Firstly, we have provided a summary of the pathology of COVID-19 and a brief overview of the development and efficacy of the COVID-19 vaccine. Next, we present our study methodology, and, finally, we set out the results and conclusion of the study.




MATERIALS AND METHODS

This study uses a quantitative approach, together with phenomenological measures, to collect and analyze the data (17). The main methodology of the study was survey techniques to collect data from university students in China, using a self-designed questionnaire (18–21).


Study Participants

Like previous studies, in the first stage, the authors selected the Hubei Normal University (HBNU) based on the convenience and purposive sampling method (22, 23). It was difficult for an author to enter other universities, especially, at the time of the pandemic (further mentioned below). A total of 490 students of HBNU were contacted via random selection from personal links of the author and the snowball sampling technique (20, 24). After the data were collected and analyzed using Amos, 443 (242 male and 201 female) valid responses remained (n = 443) (Table 1). At the initial stage, we contacted the students randomly via our contacts and links. These students then contacted other participants using the snowball sampling approach. To avoid the different biases, this study was conducted face-to-face (25). Notably, China still maintains a policy of dynamic zero clearance, and the whole nation follows the Standard Operating Procedures (SOPs) of COVID-19. In particular, students in educational institutions are less likely to be infected with COVID-19. Taking HBNU as an example, outsiders are not normally allowed to enter schools, and students are generally not allowed to leave the school unless they comply with the school's requirements, such as health code, travel code, and 48-h nucleic acid test certificates (these policies vary from school to school and city to city, depending on the COVID-19 infection circumstances). Even national holidays are postponed (again, not by all educational institutions, the policies vary according to the COVID-19 situation). In HBNU (the institution selected for the sample in this paper), there have been no cases of COVID-19, so far. In April 2022, all teachers and students took nucleic acid tests no <3 times and no COVID-19 positive cases were identified. HBNU is, therefore, considered to be extremely COVID-19-secure. Regarding the study of human participants, the procedures used in this study are in line with the provisions of the Declaration of Helsinki. The institutional review committee approved the research protocols of the College of Physical Education of HBNU. All students voluntarily provided written informed consent before participating in the research. Participants were permitted to withdraw from the questionnaire process at any time without giving reasons. Before the survey was carried out, the theme, purpose, objectives, and scope of the study were explained to the participants, and their informed consent was obtained. The research data were kept confidential, and the identity of the participants was not disclosed.


Table 1. Background information of the participants.
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Questionnaire Survey

The authors used a self-designed questionnaire as the survey instrument. The questionnaire was designed in the Chinese language with the help of previous data, existing literature, and the authors' own previous research experience and knowledge (25–27). Each questionnaire took approximately 10–12 min to complete. We divided the questionnaire into four main parts: 1. The background information of participants using a nominal scale; 2. Physical activity participation scenario of participants with the help of interval and ratio scales; 3. Impact of vaccination on daily life; and 4. Impact of vaccination on PA by using binary (yes/no) and ordinal scale (Likert scale ranging from 1 much better to 5 much worse) approaches (28). The survey was based on open and closed questions, such as “How often do you participate in sports on average each week?,” “Did you have a headache after vaccination?,” “Did you feel any weakness after vaccination?,” “Did you feel a loss of appetite after vaccination?,” “What is the impact of vaccination on your academic and daily life?,” “Do you think you have experienced differences in performance in terms of speed following vaccination?,” “In what other areas do you feel that performance is significantly worse after vaccination compared to before vaccination?,” and so on. It is worth noting that these questions can be found in most physical activity questionnaires, such as the International Physical Activity Questionnaire (IPAQ), although of course, such questionnaires lack the COVID-19 vaccine-related information, which was the focus of this study. The validity procedures for this survey included pilot studies, training of surveyors, and data collection quality control. We pretested the questionnaire with almost 50 students using a purposive sampling approach and modified the questions according to the findings, i.e., typing/logical errors or questions, which were found difficult to analyze statistically. In addition, we calculated Cronbach's alpha α value of all four parts to evaluate the reliability of the questionnaire. This value was 0.76, indicating acceptable internal consistency (29).



Statistical Analysis

The data were analyzed using Amos 24 and SPSS Statistics 23. We presented the background information of the participants in the shape of descriptive statistics followed by confirmatory factor analyses (CFA) and the internal consistency reliability of the instrument was measured to assure the quality of the study. Due to prior knowledge of the number of factors in the early stages of the questionnaire development (30), a one-factor model was hypothesized. That model was examined using confirmatory maximum likelihood (ML) factor analyses' parameter estimates in AMOS 24. Data were filtered by eradicating all the flawed samples. Five measures of model fit were highlighted: incremental fit index (IFI), goodness-of-fit index (GFI), comparative fit index (CFI), root mean square error of approximation (RMSEA), and difference of chi-square and degree of freedom (χ2/df) 1.3 <2. According to Hu and Bentler (31), the cut-off value of IFI, GFI, and CFI is close to 0.90, and a cut-off value close to 0.06 for RMSEA is needed to evidence a relatively good fit. However, a standard value of (χ2/df) should be <2, to authenticate the model (data). Examination of the multiple fit indices revealed that GFI, IFI, and CFI were 0.96, 0.92, and 0.99, respectively, and RMSEA was 0.06, indicating a relatively good model fit. However, χ2/df = 1.50 (Table 2). In addition, descriptive statistics, factor loadings with h2, and independent-sample t-test were conducted to analyze the impact of vaccines on the students' health status and PA performance (Figure 2; Tables 3–5). Lastly, the Pearson product correlation of the factors was used to evaluate the responses of participants who had received one or two vaccinations against everyday life and health impact and impact on PA performance (Figure 3; Tables 6–8).


Table 2. Goodness-of-fit indices of models tested.
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FIGURE 2. Sports in which students participated.



[image: Figure 3]
FIGURE 3. Impact of COVID-19 vaccine on physical activity performance. The percentage of the responses is according to 432 participants who were vaccinated (including students who had received only 1 vaccination). Q28. Do you think there are differences in performance in terms of speed after vaccination? Q29. What do you think are the differences in strength performance after vaccination? Q30. What do you think are the differences in endurance performance after vaccination? Q31. What do you think are the differences in flexibility performance after vaccination? Q32. What do you think are the differences in performance in terms of sensitivity after vaccination? Q33. What do you think are the differences in coordination performance after vaccination? Q34. What do you think are the differences in interest in exercise after vaccination? Q35. What do you think are the differences in participation time in sports after vaccination? Q36. What do you think are the differences in skill acquisition after vaccination?





RESULTS

After the data were collected and analyzed using Amos, 443 out of 490 (242 male and 201 female) valid responses remained (n = 443), showing a 90.40% response rate. Out of 443 participants, 432 were vaccinated against COVID-19. However, 16 participants had only one shot, whereas 416 participants had received two shots (see Table 1). To achieve the main purpose of this study, the authors divided the results section into four subsections. First, confirmatory factor analyses (CFA) were conducted, which provided internal consistency and reliability for the measurement of the reliability and validity of the instrument (see Table 2). Secondly, the PA situation of participants was highlighted, followed by the impact of vaccination on daily life. Finally, the PA was statistically analyzed, and the results were interpreted.


Internal Consistency Reliability

Internal consistency concerns the interrelationship of a group of factors (32). Internal consistency estimation (alpha reliability) (33) indicated that the alpha of the scale was higher than the recommended standard of 0.70 (Alpha coefficient = 0.82). In addition, Tables 5, 7 show the validity and factor load of all items in both instruments with h2.



Physical Activity Participation of Participants

The results showed that 47% of students participated in physical activity 3–4 days per week, whereas only seven (1.6%) students were not engaging in any PA at all (Table 3). Of those students who participated in PA, most of them (69.8%) exercised for 30–90 min each time, as shown in Table 3. Notably, more than 50% of students had participated in PA for 1–6 years. The standard deviation (SD) of elements indicated that the values were close to the mean (see Table 3).


Table 3. Physical activities of the participants.
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The above Table 3 is a line chart showing the sports most played by the students. According to the results, gymnastics and Wushu (Chinese martial art) were the sports most popular with the students. Gymnastics and Wushu were practiced by 95 and 92.8% of students, respectively (Figure 2). On the other hand, athletics and body-building were in the lowest position in the list of sports, in which the students participated.



Impact of Vaccination on Daily Life and Health

Most of the students did not experience any negative reaction, such as headache, feeling feverish, chills, or cough (94.2, 96.3, 99.5, and 98.6%, respectively) after their COVID-19 vaccination, irrespective of whether they had received one or two shots (Table 4). However, around 30–40% of the participants felt drowsiness, weakness, muscle pain, or swelling after their shot(s) of the COVID-19 vaccine (see Table 4).


Table 4. Impact of COVID-19 vaccine and health status.
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The difference in the responses regarding the impact of the vaccine on daily life between the participants who had received one or two COVID-19 vaccination shots was analyzed. For all the elements, the responses were similar, indicating that the vaccine had no significant impact on their daily life activities or health. However (p < 0.05), for three items: “Did you have a headache after vaccination?,” “Did you experience any pain or swelling at the injection site after your vaccination?,” and “Have you experienced any other uncomfortable symptoms after vaccination?” (see Table 5). The validity and commonalities of all items in both instruments with h2 are highlighted in Table 5. Notably, the Pearson product correlation of participants receiving one and two shots of vaccine with impact on daily life and health were found to be highly positive to moderately positive with the r-value ranging from 0.50 to 0.90, respectively, and p < 0.05 (see Table 6). However, a few elements showed low positive correlation, i.e., Q15, Q19, and Q22, with r-values of 0.45, 0.46, and 0.46, respectively (see Table 6).


Table 5. Responses of participants receiving 1 and 2 vaccinations with factor loadings and h2.
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Table 6. Pearson correlation of participants receiving 1 and 2 vaccinations with impact health status items.
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Impact of Vaccination on Physical Activity Performance

Figure 3 shows the frequency and percentage of the elements related to PA performance. According to the results of this study, most participants (82–91%) expressed no change in their PA performance after receiving the COVID-19 vaccine (including participants who had received only one shot). Furthermore, 3.40–8.50% of students claimed that their performance had been better since receiving the vaccine dose(s). However, between 2.50% and maximum, 11.50% of the participants said that their PA performance had been worse since receiving the COVID-19 vaccine (Figure 3).

The authors compared the responses of the participants who had received one or two COVID-19 vaccinations. These showed similar responses for almost all the elements (indicating the performance-related scale in PA) except the element “What do you think are the differences in strength performance after vaccination?” and “What do you think are the differences in coordination performance after vaccination?” with (p < 0.05) (Table 7). The validity and commonalities of all items in both instruments with h2 are highlighted in Table 8. Notably, the Pearson product correlation of participants receiving one and two shots of vaccine with impact on PA performance items was found to be moderate positive with an r-value range from 0.50 to 0.70 with p < 0.05 (Table 8).


Table 7. Differences between participants who received 1 and 2 vaccinations with factor loadings and h2.
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Table 8. Pearson correlation of participants receiving 1 and 2 vaccinations with impact on PA performance items.
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DISCUSSION

On completion of the current dataset analyses, a 90.40% submission rate was achieved concerning completed questionnaires from students located in different parts of China. The results of this study provide insight into the impact of COVID-19 vaccination on the students' daily life, health, and PA performance via this self-designed instrument, which passed reliability and validity tests. In this real-world study, we found that all the participants practiced up to two different sports (gymnastics and Wushu being the most popular PA among participants), and very few of the students said that they did not participate in any sports/PA, since they were pursuing academic majors within the PE department.

We observed that most students did not complain of the impact on their health status after being vaccinated against COVID-19. In addition, when we analyzed those individuals who had received one and two doses of the of COVID-19 vaccine, there was almost no significant difference between their responses regarding the impact of the COVID-19 vaccine on daily life and health. These findings are also comparable with studies such as Tande (34) and Romero (35); according to those studies, the vaccine does not have any negative impact on health and people should be encouraged to receive vaccine dose(s). Similarly, the Pearson correlation of the items (receivers of one and two shots of vaccine with impact on daily life and health items) was highly positive to moderately positive, which shows that COVID-19 vaccinations do not have a negative impact on the participants' daily life and health, and these findings fit well with the previous studies [see (34, 36)]. As far as the effects of the COVID-19 vaccine on the PA performance of the students are concerned, we observed that, overall, most of the respondents did not perceive any clear reaction or change in performance after receiving the COVID-19 vaccine. In addition, it was observed that, most of the students who received one or two shots of the COVID-19 vaccine showed very similar responses, indicating that the vaccine had no significant impact on their performance during PA. The Pearson product correlation was moderately positive. Which emphasizes that the COVID-19 vaccine had no significant negative impact on the PA performance of the students. These findings are supported by the previous literature, which indicates that there is no impact of CO the VID-19 vaccine observed in the published data (37, 38).

This study provided a platform that focused on some of the main concerns necessary to understand the physical reactions to the COVID-19 vaccine, in this case, health issues and PA performance. A self-designed questionnaire was proposed and administered to respond to the evolving impacts of the COVID-19 pandemic vaccine on daily life. The findings of this study match some previous studies, which indicated that the COVID-19 vaccine has no side effects and encouraged people to be vaccinated [see (34–36)]. In particular, according to Liu et al., (13, 14), there are high rates of vaccine hesitancy in China, which could pose a serious threat to the preventive measures aimed at controlling COVID-19 spread in the country. The results of this study also reassure us that the COVID-19 vaccine is safe. In this way, people can be encouraged to get vaccinated, which in turn can allow lives to return to normal, the world economy to recover, and also reduce the isolation, which has led many people to suffer from various NCDs (7, 39). The approach of using questionnaires has also allowed us to enhance our database by the addition of data relating to the COVID-19 vaccine. It is important to emphasize that the results presented in this study are simply a broad evaluation highlighting signs associated with COVID-19 vaccine side-effects in PE students.

The greatest strength of this study is that its results could contribute to the eradication of COVID-19 vaccine hesitancy, which in turn could eliminate isolation and help people to lead normal a life. One limitation of our study is that it did not compare male and female student responses regarding the impact of the COVID-19 vaccine. In addition, because this study is novel, its results cannot be supported by the existing literature. A further limitation is that our analysis did not compare the responses of vaccinated and non-vaccinated participants. The sample was small and, therefore, may not properly represent the whole population, and the study population was only university students that's why focused only on students. William A. Rushing, in his study, observed that rates of mental health and marital status are re lated (40). However, this study included many more unmarried than married participants. Unfortunately, the marital status ratio could not be controlled as this would have been difficult in the population of students. Neither were we able to conduct physiological experiments in laboratories to measure the parameters of the participants' body reactions before and after the vaccine. Other factors, such as cross-sectional study consequences and vaccination effect, may also cause variations in results under different circumstances.

Future work requires global research on the COVID-19 vaccine. This cooperative effort can promote the development, treatment, and prevention of COVID-19, promote the development of communities and medical support systems and promote evidence-based policy decisions. By encouraging people to receive COVID-19 vaccinations, meaningful assistance and prevention measures can be generated. These measures may benefit vulnerable groups with a poor quality of life in society.



CONCLUSION

The impact of the COVID-19 vaccine on daily living activities, health, and sports performance was evaluated and reported in detail. The purpose of the study was achieved by the effective use of a self-designed questionnaire. By taking the example of university students' current study is trying to overcome vaccine hesitancy in the general population not only limited to China. According to the results of this study, it is concluded that the COVID-19 vaccine had no significant effect (or only a very minor effect) on the participants' daily living activities, health status, and PA performance. These results are consistent with previously published studies showing no impact of the COVID-19 vaccine on participants (34–36). Although more data on COVID-19 are still being gathered, the current findings highlight the effects of the COVID-19 vaccine targeted population and the related health consequences.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

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



AUTHOR CONTRIBUTIONS

RAL: conceptualization. RAL and ZZ: methodology. RM and RAL: writing—original draft preparation. LZ and SZ: writing—review and editing. XF, WW, and SL: validation. All authors have read and agreed to the published version of the manuscript.



ACKNOWLEDGMENTS

We thank the participants for participating in this research and making this study possible.



ABBREVIATIONS

PA, physical activity; COVID-19, coronavirus disease of 2019; PE, physical education.



REFERENCES

 1. Gabutti G, d'Anchera E, Sandri F, Savio M, Stefanati A. Coronavirus: update related to the current outbreak of COVID-19. Infect Dis Ther. (2020) 9:241–53. doi: 10.1007/s40121-020-00295-5

 2. Lake MA. What we know so far: COVID-19 current clinical knowledge and research. Clin Med. (2020) 20:124. doi: 10.7861/clinmed.2019-coron

 3. Pan A, Liu L, Wang C, Guo H, Hao X, Wang Q, et al. Association of public health interventions with the epidemiology of the COVID-19 outbreak in Wuhan, China. JAMA. (2020) 323:1915–23. doi: 10.1001/jama.2020.6130

 4. Germani A, Buratta L, Delvecchio E, Gizzi G, Mazzeschi C. Anxiety severity, perceived risk of COVID-19 and individual functioning in emerging adults facing the pandemic. Front Psychol. (2020) 11:567505. doi: 10.3389/fpsyg.2020.567505

 5. Mousavizadeh L, Ghasemi S. Genotype and phenotype of COVID-19: their roles in pathogenesis. J Microbiol Immunol Infect. (2021) 54:159–63. doi: 10.1016/j.jmii.2020.03.022

 6. Gasmi A, Noor S, Tippairote T, Dadar M, Menzel A, Bjørklund G. Individual risk management strategy and potential therapeutic options for the COVID-19 pandemic. Clin Immunol. (2020) 215:108409. doi: 10.1016/j.clim.2020.108409

 7. Sharma K, Koirala A, Nicolopoulos K, Chiu C, Wood N, Britton PN. Vaccines for COVID-19: where do we stand in 2021? Paed Resp Rev. (2021) 39:22–31. doi: 10.1016/j.prrv.2021.07.001

 8. World Health Organization. COVID-19 Vaccine Tracker and Landscape. Retrieved from: https://www.who.int/teams/blueprint/covid-19/covid-19-vaccine-tracker-and-landscape (accessed June 05, 2022).

 9. Crommelin DJ, Anchordoquy TJ, Volkin DB, Jiskoot W, Mastrobattista E. Addressing the cold reality of mRNA vaccine stability. J Pharm Sci. (2021) 110:997–1001. doi: 10.1016/j.xphs.2020.12.006

 10. Ali K, Berman G, Zhou H, Deng W, Faughnan V, Coronado-Voges M, et al. Evaluation of mRNA-1273 SARS-CoV-2 Vaccine in Adolescents. N Engl J Med. (2021) 385:2241–251. doi: 10.1056/NEJMoa2109522

 11. Seboka BT, Yehualashet DE, Belay MM, Kabthymer RH, Ali H, Hailegebreal S, et al. Factors influencing covid-19 vaccination demand and intent in resource-limited settings: based on health belief model. Risk Manag Healthcare Policy. (2021) 14:2743. doi: 10.2147/RMHP.S315043

 12. World Health Organization. Status of COVID-19 Vaccines Within WHO EUL/PQ Evaluation Process Updated. (2021). Retrieved from: https://extranet.who.int/pqweb/news/status-covid-19-vaccines-within-who-eulpq-evaluation-process-updated (accessed June 05, 2022).

 13. Liu H, Zhou Z, Tao X, Huang L, Zhu E, Yu L, et al. COVID-19 vaccine hesitancy among Chinese residents under the free vaccination policy. Rev Assoc Méd Brasil. (2021) 67:1317–21. doi: 10.1590/1806-9282.20210633

 14. Wong M, Wong EL, Cheung AW, Huang J, Lai CK, Yeoh EK, et al. COVID-19 vaccine hesitancy in a city with free choice and sufficient doses. Vaccines. (2021) 9:1250. doi: 10.3390/vaccines9111250

 15. Khoury DS, Cromer D, Reynaldi A, Schlub TE, Wheatley AK, Juno JA, et al. Neutralizing antibody levels are highly predictive of immune protection from symptomatic SARS-CoV-2 infection. Nat Med. (2021) 27:1205–211. doi: 10.1038/s41591-021-01377-8

 16. WHO. Sinopharm [Vero Cell]- Inactivated, COVID-19 Vaccine. (2021). Available online at: https://www.who.int/publications/m/item/sinopharm-vero-cell—inactivated-covid-19-vaccine (accessed June 05, 2022).

 17. Van Manen M. Researching Liver Experience. London ON: The University of Western Ontario (1990).

 18. Alexandris K, Carroll B. A demographic model of recreational sport participation: planning application for recreational sport programs (mass participation) in Greece. Exer Soc J Sport Sci. (2000) 24:36–47.

 19. Laar R, Zhang J, Yu T, Qi H, Ashraf MA. Constraints to women's participation in sports: a study of participation of Pakistani female students in physical activities. Int J Sport Policy Politics. (2019) 11:385–97. doi: 10.1080/19406940.2018.1481875

 20. Laar RA, Shi S, Ashraf MA, Khan MN, Bibi J, Liu Y. Impact of physical activity on challenging obesity in Pakistan: a knowledge, attitude, and practice (KAP) study. Int J Environ Res Public Health. (2020) 17:7802. doi: 10.3390/ijerph17217802

 21. Young SJ, Ross CM, Barcelona RJ. Perceived constraints by college students to participation in campus recreational sports programs. Rec Sports J. (2003) 27:47–62. doi: 10.1123/rsj.27.2.47

 22. Etikan I, Musa SA, Alkassim RS. Comparison of convenience sampling and purposive sampling. Am J Theor Appl Stat. (2016) 5:1–4. doi: 10.11648/j.ajtas.20160501.11

 23. Sedgwick P. Convenience sampling. BMJ. (2013) 347:f6304. doi: 10.1136/bmj.f6304

 24. Laar RA, Ashraf MA, Ning J, Ji P, Fang P, Yu T, et al. Performance, health, and psychological challenges faced by students of physical education in online learning during COVID-19 epidemic: a qualitative study in China. Healthcare. (2021) 9:1030. doi: 10.3390/healthcare9081030

 25. Laar RA, Shi S, Ashraf MA. Participation of Pakistani female students in physical activities: religious, cultural, and socioeconomic factors. Religions. (2019) 10:617. doi: 10.3390/rel10110617

 26. Alsulami ANJ, Alshehri AA, Alghamdi EA, Alsefry FSA, Mansoor ST. Assessment of knowledge and attitude and practice of family towards physical activity in Makkah City, 2017. Egypt J Hosp Med. (2018) 70:1093–6. doi: 10.12816/0044532

 27. Paudel S, Palaian S, Shankar PR, Subedi N. Risk perception and hesitancy toward COVID-19 vaccination among healthcare workers and staff at a medical college in Nepal. Risk Manage Healthcare Policy. (2021) 14:2253. doi: 10.2147/RMHP.S310289

 28. SurveyMonkey. Survey vs Questionnaire: What's the difference? (2019). Available online at: https://wwwsurveymonkeycom/mp/survey-vs-questionnaire/ (accessed January 24, 2019).

 29. Tavakol M, Dennick R. Making sense of Cronbach's alpha. Int J Med Educ. (2011) 2:53. doi: 10.5116/ijme.4dfb.8dfd

 30. Pituch KA, Stevens JP. Applied Multivariate Statistics for the Social Sciences: Analyses With SAS and IBM's SPSS. New York, NY: Routledge (2015). doi: 10.4324/9781315814919

 31. Hu Lt, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria versus new alternatives. Struct Equat Mod. (1999) 6:1–55. doi: 10.1080/10705519909540118

 32. Schmitt N. Uses and abuses of coefficient alpha. Psychol Assess. (1996) 8:350. doi: 10.1037/1040-3590.8.4.350

 33. Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika. (1951) 16:297–334. doi: 10.1007/BF02310555

 34. Tande AJ, Pollock BD, Shah ND, Farrugia G, Virk A, Swift M, et al. Impact of the COVID-19 vaccine on asymptomatic infection among patients undergoing pre-procedural COVID-19 molecular screening. Clin Infect Dis. (2021) 74:59–5. doi: 10.1093/cid/ciab229

 35. Romero-Brufau S, Chopra A, Ryu AJ, Gel E, Raskar R, Kremers W, et al. Public health impact of delaying second dose of BNT162b2 or mRNA-1273 covid-19 vaccine: simulation agent based modeling study. BMJ. (2021) 373:n1087. doi: 10.1136/bmj.n1087

 36. Motta M, Sylvester S, Callaghan T, Lunz-Trujillo K. Encouraging COVID-19 vaccine uptake through effective health communication. Front Polit Sci. (2021) 3:1. doi: 10.3389/fpos.2021.630133

 37. Edwards KM, Booy R. Effects of exercise on vaccine-induced immune responses. Human Vaccin Immunother. (2013) 9:907–10. doi: 10.4161/hv.23365

 38. Ghram A, Moalla W, Lavie CJ. Vaccine and physical activity in the era of COVID-19 pandemic. Prog Cardiov Dis. (2021) 67:33–4. doi: 10.1016/j.pcad.2021.03.001

 39. Wake AD. The willingness to receive COVID-19 vaccine and its associated factors: “vaccination refusal could prolong the war of this pandemic”–a systematic review. Risk Manag Healthcare Policy. (2021) 14:2609. doi: 10.2147/RMHP.S311074

 40. Rushing WA. Marital status and mental disorder: evidence in favor of a behavioral model. Soc Forces. (1979) 58:540–56. doi: 10.2307/2577605

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.

Copyright © 2022 Ahmed Laar, Zhang, Menhas, Zhang, Zhu, Fan, Wang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-10-889311-t002.jpg
Model GFI IFI CFI RMSEA x2/df

One-factor 0.96 0.92 0.99 0.059 1.50

p =0.05,





OPS/images/fpubh-10-889311-t003.jpg
Elements

How often do you
participate in PA on
average each week?

How long do you
participate in PA on
average each time?

How long have you
been participating in
PA?

do not participate
1-2 days

3-4 days

5-6 days
Everyday
30min or less
30-60min
60-90min
90-120min

120 min or more
for 1 year

1-3 years

4-6 years

7-9 years

10 years and
above

!
208
114
43
16
129
180
64
56
57
87
141

%

16

16.0
470
25.7
97
3.4
291
406
14.4
12.4
12.9
19.6
318
163
203

Mean +
SD

3.260.89

3.031.03

3.111.29





OPS/images/fpubh-10-889311-g003.gif





OPS/images/fpubh-10-889311-t001.jpg
Elements n %

Participants
Students 490 100
Valid responses (atter collection and using Amos) 443 90.40
Vaccination record

Vaccinated SARS-CoV-2 vaccine (VeroCell) 432 97.50
Non-vaccinated 11 2.50
Received 1 vaccine dose 16 3.60
Received 2 vaccine dose 416 93.90
Age

18-25 years 430 97.07
26-30 years 13 293
Education

Undergraduate students 326 7358
Masters students 17 26.41
Academic major

Sports education 81 18.28
Social sports guidance and management 15 339
Physical education 39 880
Sports training 235 53.05
Sports humanities and sociology 44 9.93
Physical education and training 29 655
Gender

Male 242 54.63
Female 201 45.37
Marital status

Unmarried 439 99.10

Married 4 0.90





OPS/images/fpubh-10-889311-t006.jpg
a1
Qi2
Qi3
Q4
Qais
Qaié
a7
Qis
Q9
Q20
Q21
Q22
Q23
Q24
Q25
Q26

atl

1
0.71*
0.72*
0.83*
0.45™
0.79"
0.67"
0.80"
0.46*
0.79"
0.67"
0.46"
0.50*
0.60*
0.80"
0.58™

Qi2

1
0.76*
0.77*
0.58"
.77+
0.83"
0.78"
0.57**
0.73*
0.89"
0.49*
0.42*
0.75"
0.79"
0.68"

Qi3

1
0.83"
0547
0.85™
0.70"
0.88™
0.55"
081"
0.72"
0.39"
053"
0.70"
0.84™
0.61"

Qi4

1
051
0.94*
0.80"
0.92*
0.51*
0.83*
0.79"
0.46"
054"
0.70*
0.86"
061"

Qais

1
0.52*
0.56™
051
0.63**
0.53*
054"
0.32*
038"
0.46™
0.50"
0.59"

Qie

1
0.82"
0.95™
0.54*
0.87*
0.79"
0.46™
056"
0.70"
0.82"
0.64™

Qai7

1
0.79"
0.58"
0.75™
0.83"
0.46™
0.45"
0.78™
0.70"
0.63™

Qais

1
063"
0.88"
0.80™
0.44*
056"
071
0.85™
0.64™

Qa9

1
0.65™
0.60™
0.46™
054
0.49™
0.52"
0.63™

Q20

1
0.74*
0.44*
054
0.64™
0.76"
0.62"

Q21

f
047"
0.49"
0.76™
077"
0.63™

Q22

1
0.42*
0.37*
0.39"
0.31™

Q2 Q24 Q25 Q26
1
0.50" 1
0.49™  0.62" 1
040" 057" 059" 1

**Correlation s sinificant at the 0.01 level (2-tailed). Q11, How many vaccination doses have you received? Q12, Did you have a headache after vaccination? Q13, Did you feel feverish
after the vaccination? Q14, Did you feel chills after vaccination? Q15, Did you feel drowsy after the vaccination? Q16, Did you have a cough after vaccination? Q17, Did you have
diarrhea after the vaccination? Q18, Did you have nausea after vaccination? Q19, Do you feel weak after vaccination? Q20, Did you feel a loss of appetite after vaccination? Q21, Did
you feel any joint pain after the vaccination? Q22, Did you experience any pain or swelling at the injection site after your vaccination? Q23, Did you feel muscle pain after vaccination?
Q24, Did you experience itching at the injection site after vaccination? Q25, Have you experienced any other uncomfortable symptoms after vaccination? Q26, What is the impact of
vaccination on your academic and daily life?





OPS/images/fpubh-10-889311-t004.jpg
Elements

Did you have a headache after
vaccination?

Did you feel feverish after the
vaccination?

Did you feel chils after vaccination?
Did you feel drowsy after the
vaccination?

Did you have a cough after
vaccination?

Did you have diarhea after the
vaccination?

Did you have nausea after
vaccination?

Do you feel weak after vaccination?
Did you feel a loss of appetite after
vaccination?

Did you feel any joint pain after the
vaccination?

Did you experience any pain or
swelling at the injection site after your
vaccination?

Did you feel muscle pain after
vaccination?

Did you experience itching at the
injection site after vaccination?

Have you experienced any other
uncomfortable symptoms after
vaccination?

Do you think overall, that vaccination
impacts your acaderic and daly ife?

Yes

25

24

19
16

23

176

105

39

83

No

407

416

430
301

426

408

427

313
416

409

256

327

393

420

349

Yes

5.80

3.70

0.50
30.30

1.40

5.60

1.20

27.50
3.70

5.30

40.70

24.30

9.00

2.80

19.20

%

No

94.20

96.30

99.50
69.70

94.40

98.80

72.50
96.30

94.70

59.30

75.70

91.00

97.20

Responses of 432 participants who had been vaccinated.





OPS/images/fpubh-10-889311-t005.jpg
Elements Vaccinedoses Mean #SD  t-value p-value Factor loadings h?

Did you have a headache after vaccination? 1 181 04 227 002 059 068
2 195 022

Did you feel feverish after the vaccination? 1 200 00 080 043 0.89 066
2 196 0.9

Did you feel chills after vaccination? 1 200 00 028 078 09 076
2 2.00 0.07

Did you feel drowsy after the vaccination? 1 156 05 119 028 067 066
2 170 046

Did you have a cough after vaccination? 1 200 00 048 063 081 o087
2 190 042

Did you have diarrhea after the vaccination? 1 200 00 0% 082 0.8 077
2 194 028

Did you have nausea after vaccination? 1 200 00 044 066 02 050
2 199 011

Do you feel weak after vaccination? 1 163 05 091 036 0.1 074
2 1.73 045

Did you feel a loss of appett after vaccination? 1 200 00 080 043 069 054
2 19 019

Did you foel any joint pain after the vaccination? 1 200 00 097 083 085 071
2 194 028

Did you experience any pain or sweling at the injection site after 1 119 04 -840 000 079 065

your vaceination? 5 180 Gus

Did you foel muscle pain after vacaination? 1 156 05 185 006 071 064
2 176 042

Did you experience itching at the injection sit after vaccination? 1 200 00 128 020 074 079
2 191 029

Have you experienced any other uncomfortable symptoms after 1 181 04 408 000 084 086

vaccination? o e o

Do you think overall that vaccination impats your acadernic and 1 118 08 087 071 01 095

dail lfe? 2 147 044
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Most of the responses of the participants who received 1 COVID-19 vaccination and those who received 2 vaccinations are not significantly different (p > 0.05 in most cases).
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