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Abstract. [Purpose] The coronavirus disease of 2019 (COVID-19) pandemic and its associated restrictions have 
raised concerns regarding the lack of exercise among college students. Videos on digital platforms have addressed 
this issue, although their effects on student behavior are unclear. The present study investigated whether the simulta-
neous distribution of e-learning and exercise videos among college students during the lifting of behavioral restric-
tions during the COVID-19 pandemic was effective in promoting health. [Participants and Methods] We conducted 
a randomized controlled trial in which 100 college students were recruited. The data of 61 students (e-learning and 
exercise video group=21, exercise video group=20, and control group=20) who completed baseline surveys were 
analyzed. The preliminary outcomes were physical activity, health habits, eHealth literacy, health-related quality 
of life, subjective well-being, and psychological stress. A mixed-model repeated-measures analysis of variance was 
used to compare these variables before and after the intervention. [Results] Health practice and eHealth literacy 
scales exhibited significant interactions in the e-learning and exercise video groups compared to the other groups. 
[Conclusion] The combined distribution of e-learning and exercise videos did not significantly enhance physical 
activity among college students during the COVID-19 pandemic; however, health literacy and habits improved.
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INTRODUCTION

Healthy habits, particularly regular physical activity (PA), benefit the educational, mental, and physical health of college 
students. However, a survey by the World Health Organization (WHO) from 2011 to 2016 has revealed that 80% of the youth 
do not get an appropriate amount of PA1), and that this global trend has not improved over the past 11 years. Moreover, the 
COVID-19 pandemic, declared by the WHO in March 2020, has become a major barrier to PA and restricts individuals’ 
activities, which has had an adverse effect on lifestyles2–4). Consequently, encouraging healthier lifestyles among college 
students, who are already prone to sedentary behaviors, is challenging.

Healthy behaviors are important in establishing a healthy lifestyle, which includes regular PA, Therefore, improving health 
literacy is key to changing health behaviors5). Individuals with higher levels of health literacy have healthier lifestyles5). The 
appropriate processing and adaptation to excessive information can lead to improved health behaviors. Younger generations, 
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including college students, often obtain health-related information via the Internet6, 7). eHealth literacy is the ability to search 
for, evaluate, and use the health information available on the Internet to solve health problems (Organization for Economic 
Co-operation and Development [OECD]); therefore, it is an important evaluation indicator for the utilization of rampant 
health information on digital platforms8). Studies that have used interventions for physical inactivity to encourage improve-
ments in health behaviors have lacked the use of behavioral change strategies9–12). Although feedback on application (app) 
quality, accessibility, and performance is becoming standardized10), very few apps follow PA guidelines13). Behavior changes 
strategies through progressive task setting and educational motivation are required14). Thus, it is necessary to examine exist-
ing interventions, rather than PA alone.

A review of intervention studies for improving health behaviors has shown that the use of digital platforms has increased 
PA in all age groups regardless of physical capability15–17). However, whether watching exercise videos on video streaming 
sites—the most frequently used platforms since the COVID-19 outbreak—increases PA remains unclear18). Streaming ser-
vices are the most frequently used digital platforms to guide or assist PA. Many platforms are either free or very inexpensive, 
which has led to high expectations for PA promotion have suggested that streaming services may provide self-affirmation 
based on the expectations of exercise videos and contribute to improved mental health, which has also increased the demand 
for streaming services on digital platforms18, 19). Moreover, due to the pandemic, online learning or e-learning has played 
an integral role in education worldwide by meeting multiple learning expectations and increasing the effectiveness of learn-
ing20). As a deeper understanding of content requires the utilization of the obtained information, the use of e-learning, which 
can include tests after viewing, is expected to increase health literacy and contribute to an improvement in health behaviors. 
However, to the best of our knowledge, no study has examined whether the simultaneous distribution of e-learning and 
exercise videos has been beneficial to health literacy, lifestyle, and PA.

This study examines whether the distribution of e-learning and exercise videos on a video streaming site would be effec-
tive in improving students’ health. The videos were created by physical therapists for college students and encouraged the 
students to watch the videos and exercise more than twice a week. We hypothesized that the distribution of e-learning and 
exercise videos during the lifting of the COVID-19 pandemic restrictions would improve health literacy and lifestyle habits 
and increase PA.

PARTICIPANTS AND METHODS

Sample size calculations performed using G*Power version 3.1 (Heinrich Heine University, Düsseldorf, Germany) 
showed that 64 participants would be required to obtain 80% power (α=0.05, effect size=0.40, numerator df=2, and number 
of groups=6) to test the primary outcome and interaction before and after distribution. Next, 100 undergraduate students were 
recruited from Japanese universities between October 25 and November 5, 2021, one month after COVID-19 restrictions 
were lifted. The inclusion criteria were: (1) participants had to be at least 20 years old and enrolled in an undergraduate 
program, and (2) have access to a computer or smartphone and the Internet. Students who did not have a device to view the 
videos or were unable to complete all the questionnaires were excluded from the analysis.

This was a randomized controlled trial (RCT). The participants were recruited online and provided their informed consent 
via Google Forms. Due to COVID-19, all the college students were taking remote, online classes using smartphones and 
computers. Thus, they were fairly skilled at Internet use. The participants were recruited through digital advertising on 
campus platforms and digital flyers. They were then randomly allocated to the e-learning and exercise video group (e-L 
group), exercise video group (Ex group), or control group before the baseline survey was completed (single-blind method). 
Randomization was performed using a computer-generated sequence with an assignment ratio of 1:1:1. After randomization, 
those who completed the baseline questionnaire were provided access to the assigned programs. A digital platform was 
developed at no cost using Wix (https://pt.wix.com), which is useful for implementing educational programs on digital 
platforms21). The Wix platform is freely customizable, and videos and Google Forms are integrated into Wix for easy access. 
Information was organized in a clear and objective manner, thereby stimulating and facilitating access to and use of the 
environment. Two digital platforms were created. One was dedicated to e-learning videos, where content was created and 
recorded in PowerPoint (for Mac version 16.59, Microsoft Inc., Redmond, WA, USA) and published on the Wix platform. 
The other was dedicated to exercise videos filmed on an iPhone 11 OS X (Apple Inc., Cupertino, CA, USA), edited using 
iMovie (Apple Inc.), and published on the Wix platform.

After the four-week intervention period, participants were sent a post-intervention questionnaire on a mobile mes-
senger app. This study was approved by the Ethical Committee for Epidemiology of Hiroshima University (approval ID: 
E-2250), and participants provided their informed consent before the study began. This RCT was registered with the UMIN 
(UMIN000044868) before the study commenced. All the guidelines issued by the Consolidated Standards of Reporting Trials 
were followed22).

After completing the baseline questionnaire, participants in the e-L group received the URL of a website to access the e-learning 
and exercise videos produced by the physical therapists. Eight e-learning videos were prepared on health-related topics including 
health information, exercise, PA, nutrition, and sleep (Fig. 1). The authors could confirm whether the videos were played but not 
who played them and how many times. This was confirmed by attaching a short Google Forms test to the video link, which was 
completed after watching. Exercise was similarly confirmed by responses to Google Forms attached to the videos.
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The students were recommended at least 150 min of PA per week (WHO) Eight exercise videos were prepared: three 
low-intensity workouts (3–5 metabolic equivalent tasks [METs]), three medium-intensity workouts (6–8 METs), and two 
high-intensity workouts (8 METs). Each video was approximately 20 minutes long. Participants were allowed to select the 
exercise videos that suited them as many times as they wanted during the study period. As the WHO guidelines recommend 
exercising at least twice a week (WHO), two videos were distributed per week, starting with workouts with a lower intensity. 
Eight videos were distributed over the four weeks. Reminders to watch the videos were sent through a messenger app twice 
a week based on the WHO’s recommendation. A follow-up questionnaire was administered four weeks later.

Participants in the Ex group only received the URL of the website to access the exercise videos produced by physical 
therapists after completing the baseline questionnaire. The content of the videos was identical to the videos watched by the 
e-L group. As in the e-L group, a confirmation form and twice-weekly reminders were sent with a follow-up questionnaire 
four weeks later.

The control group did not receive a URL after responding to the baseline survey. They were given no specific instructions 
on how to spend the four-week period and were surveyed again at the end of the study period using a questionnaire.

At the beginning of the study, the participants completed an online questionnaire that included demographic information 
(age, height, weight, body mass index, and sex), whether they belonged to an exercise community such as a sports club, and 
whether they had watched exercise videos on YouTube.

To investigate the effect of the intervention on PA, a self-reported, seven day, short form of the international physical 
activity questionnaire (IPAQ) was used at baseline and at follow-up23). The questionnaire comprised nine items assessing 
PA levels at moderate intensity and vigorous intensity during walking and sitting. The total PA score was calculated in 
METs min/week units, which is the total of each mode of activity multiplied by the constant level of energy (MET) required 
for the task, the number of minutes the task is performed per day, and the time the task is performed per week24).

The short form-8 health survey (SF-8) was used at baseline and follow-up. The SF-8 is an eight-item instrument in which 
each item measures a different health dimension: physical function, physical role, bodily pain, general health, vitality, social 
function, emotional health, and mental health25). Each score was weighted and two summary scores—the physical component 
score (PCS) and mental component score (MCS)—were calculated. Higher PCS and MCS scores indicated a better quality 
of life26). The reliability and validity of the Japanese version used in this study have been confirmed27).

The eight-item health practice index (HPI) was used to measure baseline and follow-up health habits28). The HPI was 
calculated as one point for each of the eight applicable items and was assessed using a total score of eight points (best lifestyle 
habits). The eight-item Japanese version of the HPI has been used for many years and has gained consensus as a valuable 
reference for Asia29).

The eHealth literacy scale (eHEALS) was used to measure baseline and follow-up eHealth literacy. The eHEALS 
evaluates the ability to process information appropriately in an increasingly technological, information-based, and Internet-
dependent society. The questionnaire comprises eight items answered on a five-point scale ranging from 1 (totally disagree) 
to 5 (strongly agree). In Japan, Cronbach’s alpha for the eHEALS shows sufficient internal consistency for evaluating health 
literacy30).

Fig. 1.  Components of each intervention program.
e-L group: e-learning and exercise video group; Ex group: exercise video group.
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The five-item WHO well-being index (WHO-5) was used to measure baseline and follow-up SWB. It is widely used, and 
its efficacy has been reported in many countries31, 32). Respondents were asked to rate how well five statements applied to 
them over the preceding 14 days, from 5 (all the time) to 0 (none of the time). Raw scores ranged from 0 (worst outcome) to 
25 (best outcome). The scores were stable in the Japanese version33).

The six-item Kessler screening scale for psychological distress (K6) was used to assess the participants’ baseline and 
follow-up psychological distress. The K6 comprises six questions assessing mood and anxiety over the preceding month; 
each question is rated from 0 (never) to 4 (always), with total scores ranging from 0 (no psychological distress) to 24 (severe 
psychological distress). The Japanese version has been used in Japan studies and is gaining international attention34).

Data were analyzed using SPSS software (version 27.0; IBM Japan Co., Ltd., Tokyo, Japan). The Shapiro–Wilk test 
was used to test the normality of the data distribution. A mixed-model repeated measures (MMRM) analysis of variance 
(ANOVA) was used to analyze the effect of delivering videos, thus comparing the mean outcome scores between the e-L, 
Ex, and control groups35). The main effects and group and time interactions of the outcome measures were also assessed. 
MMRM is an intention-to-treat analysis with unbiased estimates that considers all available data from participants enrolled in 
the trial36). An unstructured variance-covariance matrix is assumed. The results of the main estimates are expressed as mean 
± standard error of the mean (SEM), and values of p<0.05 were considered significant.

RESULTS

A flowchart of the participant selection process is shown in Fig. 2. Overall, 100 participants expressed an interest in the 
study; however, only 72 were formally enrolled. Among the 72 participants, 24 (33.3%) were randomly assigned to the e-L, 
e-Ex, or control group. Three, four, and four participants from the e-L, Ex, and control groups, respectively, were excluded 
because they did not complete the baseline survey. Of the 61 participants who completed the baseline survey, 46 completed 
the follow-up sessions. The demographic and baseline characteristics of participants are presented in Table 1.

Table 2 presents the means, standard deviations (SD), and SEM of the outcome variables for the three groups. The e-L 
group reported their implementation of the short tests and confirmation forms, whereas the Ex group reported their imple-
mentation of the confirmation forms. Eight videos were prepared for each type.

And finally, fixed effects estimate from the MMRM-ANOVA model are presented below. No significant interaction was 
observed between total PA and sitting time in the e-L, Ex, and control groups (F=0.16, p=0.85; F=1.39, p=0.26, respectively). 
For the SF-8, no significant interaction was observed between PCS and MCS in the e-L, Ex, and control groups (F=0.04, 
p=0.96; F=0.87, p=0.42, respectively). The same was true for the subscales. Both HPI and eHEALS revealed significant 
interactions in the e-L, Ex, and control groups (F=3.56, p<0.05; F=4.18, p<0.05, respectively) and improved more in the e-L 
group than in the other groups. There were no significant interactions between WHO-5 and K6 in the e-L, Ex, and control 
groups (F=0.54, p=0.59; F=0.05, p=0.95, respectively).

Fig. 2. The flowchart of this study following the consolidated standards of reporting trials statement.
e-L group: e-learning and exercise video group; Ex group: exercise video group.
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Table 1.  Demographic characteristics of participants at baseline

Characteristic Total (n=61) e-L group (n=21) Ex group (n=20) Control group (n=20)
Age (years), mean ± SD 20.8 ± 1.2 21.3 ± 2.0 21.1 ± 1.3 20.3 ± 1.1
Height (cm), mean ± SD 165.1 ± 8.4 165.8 ± 8.5 163.6 ± 8.8 166.0 ± 7.6
Weight (kg), mean ± SD 58.2 ± 8.2 58.3 ± 7.2 57.6 ± 7.9 58.0 ± 7.6
BMI (kg/m2), mean ± SD 21.0 ± 1.9 21.2 ± 1.7 20.7 ± 1.7 21.0 ± 1.9
Sex, n (%)

Male 28 (45.9) 13 (61.9) 6 (30.0) 9 (45.0)
Female 33 (54.1) 8 (39.1) 14 (70.0) 11 (55.0)

Belong to an active community, n (%)
Yes 35 (58.3) 8 (39.1) 12 (60.0) 13 (65.0)
No 26 (42.7) 13 (61.9) 8 (40.0) 7 (35.0)

Experience watching Ex videos, n (%)
Yes 57 (95.0) 19 (90.4) 20 (100) 18 (90.0)
No 4 (5.0) 2 (9.6) 0 (0) 2 (10.0)

Screen time (hours), mean ± SD 8.2 ± 3.1 8.5 ± 3.3 7.5 ± 2.8 8.3 ± 2.4
e-L group: e-learning and exercise video group; Ex group: exercise video group: SD: standard deviation.

Table 2.  Outcome measures at baseline and follow-up (four weeks)

Outcome Measure
e-L group Ex group Control group

Baseline Follow-up Baseline Follow-up Baseline Follow-up
(n=21) (n=16) (n=20) (n=15) (n=20) (n=16)

Number of e-L accesses, - 6.2 ± 2.4 - - - -
mean ± SD
Number of Ex lessons, - 6.3 ± 2.3 - 6.8 ± 1.4 - -
mean ± SD
IPAQ, mean ± SEM
Total physical activity 1,516.9 ± 245.1 1,729.9 ± 335.7 1,880.0 ± 455.6 2,742.7 ± 697.1 3,414.9 ± 1,375.4 4,003.3 ± 2,242.8
(MET-min/week)
Sedentary time (hour/day) 9.3 ± 0.5 7.3 ± 0.7 9.3 ± 0.6 9.1 ± 0.4 9.0 ± 0.6 8.8 ± 0.3
SF-8 (scores), mean ± SEM
PCS 52.0 ± 1.4 53.0 ± 2.0 53.1 ± 1.0 52.5 ± 2.0 52.2 ± 1.0 51.9 ± 2.0
MCS 49.0 ± 1.3 44.8 ± 1.6 47.7 ± 1.8 43.5 ± 1.5 49.8 ± 1.0 45.9 ± 1.7
Physical function 52.8 ± 0.7 51.6 ± 0.9 52.5 ± 0.7 51.1 ± 1.1 52.3 ± 0.8 51.5 ± 1.2
Role physical 52.3 ± 1.3 51.2 ± 1.4 51.9 ± 1.3 51.6 ± 1.4 52.5 ± 1.0 52.0 ± 1.3
Bodily pain 52.4 ± 1.2 51.4 ± 2.4 53.4 ± 1.3 53.9 ± 1.9 52.5 ± 1.3 51.6 ± 1.4
General health 52.9 ± 1.3 55.5 ± 1.2 51.7 ± 1.3 52.5 ± 1.3 52.6 ± 1.2 52.9 ± 1.8
Vitality 54.1 ± 0.7 53.2 ± 1.3 54.1 ± 0.9 53.5 ± 1.4 54.6 ± 0.7 54.5 ± 1.1
Social functioning 52.7 ± 0.9 51.2 ± 0.9 51.8 ± 1.1 50.7 ± 1.1 51.2 ± 1.2 52.3 ± 1.2
Role emotional 50.9 ± 0.9 50.6 ± 1.2 49.8 ± 1.5 49.3 ± 1.6 50.4 ± 1.0 51.3 ± 1.2
Mental health 49.0 ± 1.3 47.0 ± 1.2 49.9 ± 1.5 46.4 ± 0.8 50.4 ± 1.1 47.5 ± 2.2
HPI (scores), mean ± SEM 4.8 ± 0.2 6.0 ± 0.3 5.1 ± 0.2 5.2 ± 0.3 5.0 ± 0.2 5.1 ± 0.2
eHEALS (scores), mean ± SEM 24.8 ± 0.7 26.8 ± 0.9 24.6 ± 0.8 24.1 ± 1.3 24.4 ± 0.9 24.8 ± 1.2
WHO-5 (scores), mean ± SEM 14.9 ± 0.7 15.5 ± 1.1 15.9 ± 0.8 16.3 ± 1.2 16.2 ± 0.8 15.9 ± 1.2
K6 (scores), mean ± SEM 5.1 ± 0.6 5.2 ± 0.6 5.1 ± 0.6 5.6 ± 0.9 5.1 ± 0.7 5.4 ± 0.9
e-L group: e-learning and exercise video group; Ex group: exercise video group; SD: standard deviation; SEM: standard error of the 
mean; IPAQ: international physical activity questionnaire; SF-8: short form-8; PCS: physical component summary; MCS: mental com-
ponent summary; HPI: health practice index; eHEALS: eHealth literacy scale; WHO-5: World Health Organization-5 well-being index; 
K6: six-item Kessler psychological distress scale.
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DISCUSSION

This study is the first to examine whether delivering both exercise videos and health-related e-learning to undergraduate 
students via video streaming sites during the COVID-19 pandemic would lead to changes in health literacy, lifestyle, and PA. 
The findings revealed that the combination of e-learning and exercise videos did not improve PA among college students; 
however, eHealth literacy and health habits improved significantly.

We found no significant changes in PA in either the e-L or Ex group, which differed from the results of conventional 
interventions using digital platforms. This is because the intervention method used in this study differed from conventional 
methods. Conventional interventions change the behavior of the participants directly by using techniques such as face-to-
face exercise instructions and motivational interviews35–37). In contrast, this simple intervention comprised eight remotely 
distributed 20-minute exercise videos with no direct instructions. Expectations for streaming services as digital platforms that 
guide, and support PA are high18). The exercise rate was high in both groups, exceeding 70%, and the raw values of the total 
IPAQ improved; however, the difference was not significant. The PA of our participants was greater than 1,300 METs min/
week, which was in the moderate category set by Lee et al24). Therefore, the lack of a direct link to PA deficiency may explain 
the lack of significant improvement after the intervention. The lower the PA level of a participant, the greater the average 
improvement38). Although the COVID-19 self-restraint period may have resulted in a significant improvement in PA, this 
study was conducted after the self-restraint period was lifted, making it impossible to obtain a sufficient effect. The MCS and 
mental health scores of both the intervention and control groups showed similar trends. During the COVID-19 pandemic, 
changes in the lives of college students may have affected their mental health39). Changes in student life, such as the lifting 
of voluntary self-restraint and the resumption of face-to-face classes at the university, may have caused stress among our 
participants.

Conversely, the e-L group showed significant improvements in health literacy and lifestyle. The average eHEALS score 
was 23.6 points40). In this study, the difference was less than one point, which is comparable to that of a typical Japanese 
person41). To improve health literacy, it is necessary to train students to understand and evaluate health information and 
adapt it for themselves. During COVID-19, many people experienced psychological distress due to excessive information 
on the Internet42, 43); discarding and selecting information are necessary skills to protect oneself. This e-learning program 
included short tests to check students’ understanding of the content. This approach provided participants with knowledge 
through e-learning, which fostered their ability to understand everyday health information and discern it based on their 
thoughts. Moreover, the HPI scores of the e-L group significantly improved. The delivery of health-related e-learning and 
the short test may have made participants more careful about health-related aspects and altered their lifestyle habits. People 
with higher health literacy have healthier lifestyles5). In the future, e-Health literacy will become even more important8, 19). 
Improving health literacy is a public health goal and has been recognized as an important healthcare issue worldwide7). This 
study demonstrated that the combined delivery of e-learning and exercise videos, improvement of comprehension through 
short tests, and enhancement of information selection skills are useful, thereby ultimately augmenting eHealth literacy and 
changing lifestyle habits.

This study has limitations due to the short intervention period. Although long-term interventions are recommended to 
improve PA and form persistent habits, our study was limited to four weeks owing to the lifting of COVID-19 restrictions 
during the baseline and follow-up survey periods. External factors were eliminated as much as possible by conducting the 
survey during this period; however, membership attribution bias was not fully eliminated. Additionally, the survey items were 
self-reported, and the short tests did not sufficiently eliminate recall bias. Last, approximately one-fourth of the participants 
dropped out of the program, which reduced the sample size. The dropout rate issue has emerged in many studies requiring 
interventions44). Here, this may be due to the exercise being unsupervised and the lifting of restrictions extending the scope 
of life activities. In the future, we recommend a system that automatically checks whether the participant has exercised and 
records the results for greater accuracy. Furthermore, we also aim to establish a follow-up system to prevent participants from 
dropping out.

Conflicts of interest
The authors declare no conflict of interest.

REFERENCES

1) Andersen LB, Mota J, Di Pietro L: Update on the global pandemic of physical inactivity. Lancet, 2016, 388: 1255–1256. [Medline]  [CrossRef]
2) Kaneda K, Maeda N, Suzuki Y, et al.: Impact of the COVID-19 pandemic on life space extent and apathy: a comparison of competitive Japanese swimmers 

with and without disabilities. Int J Environ Res Public Health, 2021, 18: 5106. [Medline]  [CrossRef]
3) Suzuki Y, Maeda N, Hirado D, et al.: Physical activity changes and its risk factors among community-dwelling Japanese older adults during the COVID-19 

epidemic: associations with subjective well-being and health-related quality of life. Int J Environ Res Public Health, 2020, 17: 6591. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/27475275?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(16)30960-6
http://www.ncbi.nlm.nih.gov/pubmed/34065843?dopt=Abstract
http://dx.doi.org/10.3390/ijerph18105106
http://www.ncbi.nlm.nih.gov/pubmed/32927829?dopt=Abstract
http://dx.doi.org/10.3390/ijerph17186591


709

4) Yunusova A, Lai J, Rivera AP, et al.: Assessing the mental health of emerging adults through a mental health app: protocol for a prospective pilot study. JMIR 
Res Protoc, 2021, 10: e25775. [Medline]  [CrossRef]

5) Berkman ND, Sheridan SL, Donahue KE, et al.: Low health literacy and health outcomes: an updated systematic review. Ann Intern Med, 2011, 155: 97–107. 
[Medline]  [CrossRef]

6) Ad Hoc Committee on Health Literacy for the Council on Scientific Affairs, American Medical Association: Health literacy: report of the Council on Scientific 
Affairs. Ad hoc Committee on Health Literacy for the Council on Scientific Affairs, American Medical Association. JAMA, 1999, 281: 552–557. [Medline]

7) Norman CD, Skinner HA: eHEALS: the eHealth Literacy Scale. J Med Internet Res, 2006, 8: e27. [Medline]  [CrossRef]
8) Lee J, Lee EH, Chae D: eHealth literacy instruments: systematic review of measurement properties. J Med Internet Res, 2021, 23: e30644. [Medline]  [Cross-

Ref]
9) Bondaronek P, Alkhaldi G, Slee A, et al.: Hamilton, F.L.; Murray, E. Quality of publicly available physical activity apps: review and content analysis. JMIR 

Mhealth Uhealth, 2018, 6: e53. [Medline]  [CrossRef]
10) Conroy DE, Yang CH, Maher JP: Behavior change techniques in top-ranked mobile apps for physical activity. Am J Prev Med, 2014, 46: 649–652. [Medline]  

[CrossRef]
11) Cowan LT, Van Wagenen SA, Brown BA, et al.: Apps of steel: are exercise apps providing consumers with realistic expectations?: a content analysis of exercise 

apps for presence of behavior change theory. Health Educ Behav, 2013, 40: 133–139. [Medline]  [CrossRef]
12) Mollee JS, Middelweerd A, Kurvers RL, et al.: What technological features are used in smartphone apps that promote physical activity? A review and content 

analysis. Pers Ubiquitous Comput, 2017, 21: 633–643.  [CrossRef]
13) Knight E, Stuckey MI, Prapavessis H, et al.: 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. [Medline]  [CrossRef]
14) Yang CH, Maher JP, Conroy DE: Implementation of behavior change techniques in mobile applications for physical activity. Am J Prev Med, 2015, 48: 

452–455. [Medline]  [CrossRef]
15) Baranowski T: Exergaming: hope for future physical activity? or blight on mankind? J Sport Health Sci, 2017, 6: 44–46. [Medline]  [CrossRef]
16) Romeo A, Edney S, Plotnikoff R, et al.: Can smartphone apps increase physical activity? Systematic review and meta-analysis. J Med Internet Res, 2019, 21: 

e12053. [Medline]  [CrossRef]
17) Stockwell S, Schofield P, Fisher A, et al.: Digital behavior change interventions to promote physical activity and/or reduce sedentary behavior in older adults: 

a systematic review and meta-analysis. Exp Gerontol, 2019, 120: 68–87. [Medline]  [CrossRef]
18) Parker K, Uddin R, Ridgers ND, et al.: The use of digital platforms for adults’ and adolescents’ physical activity during the COVID-19 pandemic (our life at 

home): survey study. J Med Internet Res, 2021, 23: e23389. [Medline]  [CrossRef]
19) Fukui K, Suzuki Y, Kaneda K, et al.: Do “stay-at-home exercise” videos induce behavioral changes in college students? A randomized controlled trial. Sustain-

ability, 2021, 13: 11600.  [CrossRef]
20) Liao F, Murphy D, Wu JC, et al.: How technology-enhanced experiential e-learning can facilitate the development of person-centred communication skills 

online for health-care students: a qualitative study. BMC Med Educ, 2022, 22: 60. [Medline]  [CrossRef]
21) Borim BC, Croti UA, Silveira PC, et al.: Development and evaluation of a continuing education program for nursing technicians at a pediatric cardiac intensive 

care unit in a developing country. World J Pediatr Congenit Heart Surg, 2017, 8: 694–698. [Medline]  [CrossRef]
22) Schulz KF, Altman DG, Moher D, CONSORT Group: CONSORT 2010 statement: updated guidelines for reporting parallel group randomised trials. BMJ, 

2010, 340: c332. [Medline]  [CrossRef]
23) Craig CL, Marshall AL, Sjöström M, et al.: International physical activity questionnaire: 12-country reliability and validity. Med Sci Sports Exerc, 2003, 35: 

1381–1395. [Medline]  [CrossRef]
24) Lee PH, Macfarlane DJ, Lam TH, et al.: Validity of the International Physical Activity Questionnaire Short Form (IPAQ-SF): a systematic review. Int J Behav 

Nutr Phys Act, 2011, 8: 115. [Medline]  [CrossRef]
25) Turner-Bowker DM, Bayliss MS, Ware JE Jr, et al.: Usefulness of the SF-8 Health Survey for comparing the impact of migraine and other conditions. Qual Life 

Res, 2003, 12: 1003–1012. [Medline]  [CrossRef]
26) Fukuhara S, Suzukamo Y: Manual of the SF-8 Japanese version. Kyoto: Institute for Health Outcomes and Process Evaluation Research, 2004.
27) Tokuda Y, Okubo T, Ohde S, et al.: Assessing items on the SF-8 Japanese version for health-related quality of life: a psychometric analysis based on the nominal 

categories model of item response theory. Value Health, 2009, 12: 568–573. [Medline]  [CrossRef]
28) Belloc NB, Breslow L: Relationship of physical health status and health practices. Prev Med, 1972, 1: 409–421. [Medline]  [CrossRef]
29) Yoon J, Kim J, Son H: Gender differences of health behaviors in the risk of metabolic syndrome for middle-aged adults: a national cross-sectional study in 

South Korea. Int J Environ Res Public Health, 2021, 18: 3699. [Medline]  [CrossRef]
30) Mitsutake S, Shibata A, Ishii K, et al.: [Developing Japanese version of the eHealth Literacy Scale (eHEALS)]. Nihon Koshu Eisei Zasshi, 2011, 58: 361–371 

(in Japanese). [Medline]
31) Lucas-Carrasco R, Allerup P, Bech P: The validity of the WHO-5 as an early screening for apathy in an elderly population. Curr Gerontol Geriatr Res, 2012, 

2012: 171857. [Medline]  [CrossRef]
32) Topp CW, Østergaard SD, Søndergaard S, et al.: The WHO-5 Well-Being Index: a systematic review of the literature. Psychother Psychosom, 2015, 84: 

167–176. [Medline]  [CrossRef]
33) Haapasalo V, de Vries H, Vandelanotte C, et al.: Cross-sectional associations between multiple lifestyle behaviours and excellent well-being in Australian 

adults. Prev Med, 2018, 116: 119–125. [Medline]  [CrossRef]
34) Fushimi M, Saito S, Shimizu T, et al.: Prevalence of psychological distress, as measured by the Kessler 6 (K6), and related factors in Japanese employees. 

Community Ment Health J, 2012, 48: 328–335. [Medline]  [CrossRef]
35) Rayward AT, Vandelanotte C, Van Itallie A, et al.: The association between logging steps using a website, app, or fitbit and engaging with the 10,000 steps 

physical activity program: observational study. J Med Internet Res, 2021, 23: e22151. [Medline]  [CrossRef]
36) Molenberghs G, Verbeke G: A review on linear mixed models for longitudinal data, possibly subject to dropout. Stat Model, 2001, 1: 235–269.  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/33513124?dopt=Abstract
http://dx.doi.org/10.2196/25775
http://www.ncbi.nlm.nih.gov/pubmed/21768583?dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-155-2-201107190-00005
http://www.ncbi.nlm.nih.gov/pubmed/10022112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17213046?dopt=Abstract
http://dx.doi.org/10.2196/jmir.8.4.e27
http://www.ncbi.nlm.nih.gov/pubmed/34779781?dopt=Abstract
http://dx.doi.org/10.2196/30644
http://dx.doi.org/10.2196/30644
http://www.ncbi.nlm.nih.gov/pubmed/29563080?dopt=Abstract
http://dx.doi.org/10.2196/mhealth.9069
http://www.ncbi.nlm.nih.gov/pubmed/24842742?dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2014.01.010
http://www.ncbi.nlm.nih.gov/pubmed/22991048?dopt=Abstract
http://dx.doi.org/10.1177/1090198112452126
http://dx.doi.org/10.1007/s00779-017-1023-3
http://www.ncbi.nlm.nih.gov/pubmed/25998158?dopt=Abstract
http://dx.doi.org/10.2196/mhealth.4003
http://www.ncbi.nlm.nih.gov/pubmed/25576494?dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2014.10.010
http://www.ncbi.nlm.nih.gov/pubmed/30356568?dopt=Abstract
http://dx.doi.org/10.1016/j.jshs.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/30888321?dopt=Abstract
http://dx.doi.org/10.2196/12053
http://www.ncbi.nlm.nih.gov/pubmed/30836130?dopt=Abstract
http://dx.doi.org/10.1016/j.exger.2019.02.020
http://www.ncbi.nlm.nih.gov/pubmed/33481759?dopt=Abstract
http://dx.doi.org/10.2196/23389
http://dx.doi.org/10.3390/su132111600
http://www.ncbi.nlm.nih.gov/pubmed/35078482?dopt=Abstract
http://dx.doi.org/10.1186/s12909-022-03127-x
http://www.ncbi.nlm.nih.gov/pubmed/29187103?dopt=Abstract
http://dx.doi.org/10.1177/2150135117731724
http://www.ncbi.nlm.nih.gov/pubmed/20332509?dopt=Abstract
http://dx.doi.org/10.1136/bmj.c332
http://www.ncbi.nlm.nih.gov/pubmed/12900694?dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/22018588?dopt=Abstract
http://dx.doi.org/10.1186/1479-5868-8-115
http://www.ncbi.nlm.nih.gov/pubmed/14651418?dopt=Abstract
http://dx.doi.org/10.1023/A:1026179517081
http://www.ncbi.nlm.nih.gov/pubmed/18783391?dopt=Abstract
http://dx.doi.org/10.1111/j.1524-4733.2008.00449.x
http://www.ncbi.nlm.nih.gov/pubmed/5085007?dopt=Abstract
http://dx.doi.org/10.1016/0091-7435(72)90014-X
http://www.ncbi.nlm.nih.gov/pubmed/33916247?dopt=Abstract
http://dx.doi.org/10.3390/ijerph18073699
http://www.ncbi.nlm.nih.gov/pubmed/21905612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22991511?dopt=Abstract
http://dx.doi.org/10.1155/2012/171857
http://www.ncbi.nlm.nih.gov/pubmed/25831962?dopt=Abstract
http://dx.doi.org/10.1159/000376585
http://www.ncbi.nlm.nih.gov/pubmed/30218725?dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2018.09.003
http://www.ncbi.nlm.nih.gov/pubmed/21547569?dopt=Abstract
http://dx.doi.org/10.1007/s10597-011-9416-7
http://www.ncbi.nlm.nih.gov/pubmed/34142966?dopt=Abstract
http://dx.doi.org/10.2196/22151
http://dx.doi.org/10.1177/1471082X0100100402


J. Phys. Ther. Sci. Vol. 36, No. 11, 2024 710

37) Michie S, Abraham C, Whittington C, et al.: Effective techniques in healthy eating and physical activity interventions: a meta-regression. Health Psychol, 2009, 
28: 690–701. [Medline]  [CrossRef]

38) Petersen JM, Prichard I, Kemps E: A comparison of physical activity mobile apps with and without existing web-based social networking platforms: systematic 
review. J Med Internet Res, 2019, 21: e12687. [Medline]  [CrossRef]

39) Chang JJ, Ji Y, Li YH, et al.: Prevalence of anxiety symptom and depressive symptom among college students during COVID-19 pandemic: a meta-analysis. J 
Affect Disord, 2021, 292: 242–254. [Medline]  [CrossRef]

40) Mitsutake S, Shibata A, Ishii K, et al.: Associations of eHealth literacy with health behavior among adult internet users. J Med Internet Res, 2016, 18: e192. 
[Medline]  [CrossRef]

41) Tsukahara S, Yamaguchi S, Igarashi F, et al.: Association of eHealth literacy with lifestyle behaviors in university students: questionnaire-based cross-
sectional study. J Med Internet Res, 2020, 22: e18155. [Medline]  [CrossRef]

42) Dragioti E, Li H, Tsitsas G, et al.: A large-scale meta-analytic atlas of mental health problems prevalence during the COVID-19 early pandemic. J Med Virol, 
2022, 94: 1935–1949. [Medline]  [CrossRef]

43) Luo YF, Shen HY, Yang SC, et al.: The relationships among anxiety, subjective well-being, media consumption, and safety-seeking behaviors during the 
COVID-19 epidemic. Int J Environ Res Public Health, 2021, 18: 13189. [Medline]  [CrossRef]

44) Viken H, Reitlo LS, Zisko N, et al.: Predictors of dropout in exercise trials in older adults: the generation 100 study. Med Sci Sports Exerc, 2019, 51: 49–55. 
[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/19916637?dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/pubmed/31420956?dopt=Abstract
http://dx.doi.org/10.2196/12687
http://www.ncbi.nlm.nih.gov/pubmed/34134022?dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2021.05.109
http://www.ncbi.nlm.nih.gov/pubmed/27432783?dopt=Abstract
http://dx.doi.org/10.2196/jmir.5413
http://www.ncbi.nlm.nih.gov/pubmed/32579126?dopt=Abstract
http://dx.doi.org/10.2196/18155
http://www.ncbi.nlm.nih.gov/pubmed/34958144?dopt=Abstract
http://dx.doi.org/10.1002/jmv.27549
http://www.ncbi.nlm.nih.gov/pubmed/34948796?dopt=Abstract
http://dx.doi.org/10.3390/ijerph182413189
http://www.ncbi.nlm.nih.gov/pubmed/30113524?dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001742

