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Editorial on the Research Topic
Physical activity and lifestyle sustainability: From childhood to old age

Introduction

The industrial revolution from the second half of the previous century and the
communication revolution, which has been especially noticeable in the last 20 years,
caused a change in lifestyle and forced man to adapt to his inventions (1). This led to a
change in the behavior of children, adults, and the elderly, and more and more negatively
contributes to their development, their working ability, and their health condition (2).
The physical inactivity of children during the period of intensive physical and cognitive
development will cause their genetic potentials are not fully developed and they more
easily create bad behavioral habits which can be the generator of many health problems
in old age (3).

Facing the negative trends of the modern way of life (given that previous research
clearly indicates that physical inactivity and sedentary behavior can lead to impaired
health, i.e., that an active lifestyle can ensure a healthy life and promote wellbeing for all)
this Research Topic was created to develop knowledge and an understanding of physical
activity and lifestyle sustainability (from childhood to old age); and thus to help identify
possible solutions and strategies that provide (4) help the upbringing of strong children,
a (2) healthy transition from childhood, via adulthood, to old age, in the long term, and
also (5) to solving problems of adults and elderly.

The purpose of this Research Topic was to build a collection of new knowledge
about the positive impact of physical activity on the health and wellbeing of community
members of all age groups (From Childhood to Old Age). There are 24 articles included
in this Research Topic.
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Most of the studies from this Research Topic (six of them)
studied the impact of physical activity on physical fitness and
health status (two of them are systematic reviews and studied
the period from 2004 to 2020; two of them are longitudinal
studies and follow the changes after 5 weeks and after 8 years)
among young and elderly. All of them agree in the conclusion
that any kind of additional physical activity (even when it is
only housework or active transport) if it is used continuously
and not occasionally, has beneficial effects on physical fitness
and health status (Bai et al; Xiao et al;; Lomsdal et al.; Huang
et al; Baj-Korpak et al), also that people who are more
physically active achieve better physical fitness, overall health
and wellbeing from less active ones (TeraZ et al.).

Furthermore, five cross-sectional studies were interested
in evaluating the impact of the COVID-19 pandemic on the
amount of physical activity and the lifestyle of students and the
elderly. Based on the results of four of these five studies, it is
known that there have been certain changes in the amount of
physical activity and lifestyle, i.e., that sedentary behavior and
passive activities increase both in the student population and in
the elderly population, but that students were able to maintain
the recommended amount of physical activity, and their physical
activity declined to a lesser extent than in the elderly (Sekulic
et al; Kim et al; PiSot et al,; Obradovic et al.). The fifth study
is differently conceived, but extremely interesting, it describes
the diet of Lithuanian and Croatian students in this difficult
period and shows that those students who are more physically
active took better care of proper nutrition, which means that
care for one type of healthy way of life encourages care for others
(Mieziene et al.).

The following four studies presented new study protocols,
scales for testing, and national surveillance systems which are
designed and validated to assess and follow-up physical activity,
physical fitness, and health status of their population (7-8
years aged children, pregnant females, adults and older adults)
(Mutare et al.; Zhu et al.; Zhang et al.; Jurak et al.).

Another important stream of work is reflected in the next
four studies that analyzed the influence of sociodemographic
factors on health behaviors, physical activities, physical fitness,
and physical competence of children, adults, and the elderly.
In each of the studies, there is evidence that sociodemographic
factors (gross national income, income, and education) are
positively correlated with behaviors, with the extent of physical
activity and with physical performance of children and elderly,
also that football players from less economically developed
countries in running performance are below the values achieved
by those who compete in the countries of the European Union
(Rodriguez-Rodriguez et al.; Liu Z. et al.; Santibafiez-Gutierrez
et al.; Goranovic et al.).

The last five studies are very different, but this diversity of
studied topics raises the quality of this special edition. Each
of these studies represents an important stream of work. The
first examines the influence of lifestyle on depression and health
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and indicates that watching television is the least risky type of
screen behavior (Kidokoro et al.). This means that social media,
online games, and online videos are more associated with a
higher prevalence of depression. The following studies indicate:
that proteinuria can be a predictor of frailty (Chang et al.); that
physically active male participants tend to discriminate against
those they consider overweight (Xu et al.); that a campus football
programs have a high injury risk and that injury prevention
and management strategies should be improved (Liu H. et al.);
and that messages that place an exceptional emphasis on the
benefit or harm of a certain behavior are much more effective in
influencing motivation than messages that are simply presented
to the public without a special explanation (Wang et al.).

Conclusion

This Research Topic with its 24 studies very, very broadly
covered the area of physical activity and lifestyle sustainability.
The included studies indicate that the physical activity of
subjects of all age categories is still constantly decreasing, even
though the benefit of physical activity has long been proven
(4, 5). However, published studies recommend various activities
that have a positive effect on health and specify the minimum
threshold of volume and intensity that is necessary to cause
transformation in a positive direction, so they are extremely
significant for practice. Furthermore, published studies confirm
the damage that the COVID-19 pandemic has caused to
humanity in the last few years, ie., point to the fact that
an adequate physical activity program that would prevent the
decline of physical activity and fitness has not been found. Based
on this, the question arises whether it was possible to design
an adequate exercise program that could be carried out while
respecting the rules on social distance, and thus strengthen
immunity, and create the first line of defense of the organism
so that it could more easily resist the virus? Also, the studies
published in this Research Topic have designed several protocols
for measuring, monitoring, and evaluating certain parameters,
which will be used for improving the current situation in the
field. Furthermore, this Research Topic reminded us of the
strong influence of sociodemographic parameters on physical
activities and physical fitness, but this is an area in which
sports and health sciences are powerless to make changes.
In the end, it drew attention to the risky behavior of those
community members who need to change their behavior, and
also to strategies that must be applied to improve the current
situation in the field.
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The purpose of this study was to examine the associations between different types
of screen behavior and depression, taking into account exercise and sleep among
children and adolescents. A total of 23,573 Japanese children and adolescents (aged
8-15 years) participated in this cross-sectional study. Different types of screen behavior,
weekly exercise time, sleep duration, and prevalence of depression were assessed using
a questionnaire. Independent associations between various types of screen behavior
and prevalence of depression were examined using logistic regression analyses after
adjusting for age, school, sleep duration, exercise time, and other screen behavior types.
A two-way analysis of covariance was conducted to examine whether exercise and sleep
can attenuate the negative effects of screen behavior. The associations between screen
behavior and depression varied by screen behavior types and participant characteristics.
More time spent engaging in newer types of screen behavior, including social media,
online games, and online videos, was associated with a higher prevalence of depression.
In contrast, more time spent on TV was associated with a lower prevalence of depression.
Sufficient exercise can lower the prevalence of depression, regardless of the length of
time and content of the screen, and its associations were particularly significant for
junior high school girls. Sleep was not associated with the prevalence of depression
among any participant group except elementary school boys. Our findings suggest that
age- and sex-specific intervention strategies that also consider screen-based behavior
can effectively lower the risk of depression in children and adolescents.
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INTRODUCTION

Depression and its increasing prevalence among children and adolescents (1, 2) is a serious concern.
Depression can affect psychological (3), academic (4), and cognitive well-being (5). There is an
ongoing debate as to whether the rapid, widespread use of screen devices such as smartphones
and portable games is a potential cause for the increased trends of depression (6-9). To date,
the evidence regarding screen-based behavior and depression is mixed with negative (10), positive
(7, 11), no effect (12), or heterogeneous effects by contents and context of screen time (8, 13) and
participants’ characteristics (e.g., age and sex) (8, 14, 15).
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Screen-based behavior is traditionally assessed in terms of
time spent viewing TV, using computers, and playing video
games. However, newer types of screen behavior such as watching
movies (e.g., YouTube), using social media (e.g., Facebook,
Twitter, and Instagram), and online games are emerging among
children and adolescents (16). Importantly, evidence suggests
that different types of screen behavior are associated differently
with depression (8, 10, 17). For example, a recent systematic
review of 70 studies showed that computer use and video game
playing, but not TV viewing, were significantly associated with
depression among youth (8). There are potential mechanisms
underlying different effects according to screen behavior types,
including displacement hypothesis (18, 19) and upward social
comparison hypothesis (20-22). The displacement hypothesis
posits that screen time is negatively associated with depression
because healthier activities, including exercise and sleep, are
displaced by screen behavior types (18, 19). In this scenario,
the associations between screen behavior and depression should
be equivalent across different screen behavior types because all
of them displace time for participating in healthier activities
within a 24h framework (10, 23). In contrast, the upward
social comparison hypothesis posits that the effects of screen
behavior on depression can vary based on the content viewed
on screens (20-22). In particular, upward social comparisons
occur when people compare themselves to others who are
in more favorable positions (20-22). Previous studies showed
that upward social comparison also occurs while using social
media because it creates feelings of inferiority (24-26). In this
scenario, social media might have larger effects than video games,
which do not contain depictions of actual real-life individuals
to whom the youth can socially compare themselves (10). In
either case, this evidence suggests that viewed contents should
also be considered when the association between screen time and
depression is examined.

Evidence suggests that sufficient physical activity, sleep
duration, as well as low levels of sedentary behavior are
all independently associated with better mental health (27-
29). Importantly, these behaviors are interrelated and co-
dependent (23). Considering these characteristics, Canada
released 24h movement guidelines that recommend children
and youth achieve three recommendations (i.e., physical activity,
recreational screen time, and sleep) simultaneously (23). A
recent systematic review suggests that meeting all three
recommendations is preferable to reduce the risk of depression
compared to meeting none of the recommendations (30).
Additionally, a cross-sectional study with more than 17,000
Canadian children (aged 10-17 years) indicated that those
who achieved any given recommendation had better mental
health, including life satisfaction, prosocial behavior, and fewer
emotional problems than those who did not achieve any of
the recommendations (31). While the previous study provided
important implications, the authors only evaluated the time
spent on TV, videos, DVD, and computer games (31), and they
did not specifically evaluate the time spent on newer types
of screen behavior including social media and online games
that are becoming increasingly popular among children and
adolescents (16). To the best of our knowledge, no study has

examined the combined association between physical activity (or
exercise), sleep, and various types of screen behavior, including
traditional and newer screen behavior types, with depression
among children and adolescents. Therefore, the purpose of the
present study was to examine the associations between various
types of screen behavior and depression, taking into account
exercise and sleep among children and adolescents.

MATERIALS AND METHODS
Participants

This cross-sectional study was conducted as a census survey in
Setagaya ward, Tokyo, Japan. The details have been described
elsewhere (32). In brief, all children and adolescents (aged 8-
15 years) from public elementary and junior high schools in the
Setagaya ward were invited to participate in the present study.
A questionnaire survey was conducted in March 2019 in these
schools. The questionnaire for elementary school children was
shared with parents who helped with completing it. Junior high
school adolescents independently answered the questionnaire.
Participants and their parents/guardians were provided with
detailed information, including the purpose and contents of
the present study. They were also informed about their right
to withdraw from the study at any time and were provided
with complete assurance regarding the confidentiality of their
data. Among the total and eligible samples (n = 34,643), 251
were excluded as they did not submit written informed consent
(0.7%). Among those who submitted written informed consent
(n = 34,3925 99.3%), data from 10,819 students (31.2%) were
excluded as there was at least one missing piece of demographic
data (age and sex), exposure (screen behavior, exercise, and
sleep duration) and/or outcome variables (depression). The final
sample for the present study comprised 23,573 Japanese children
and adolescents (aged 8-15 years) (elementary school students:
n = 15,726, junior high school students: n = 7,847, valid data
= 68.0%). Figure 1 presents this sampling process. The present
study was approved by the ethics committee of the Nippon Sport
Science University (approval No. 015-H075).

Recreational Screen Behavior

The questionnaire, based on national surveillance (33), asked
about recreational (i.e., screen behavior outside of school) screen
time. Participants were asked the following four questions about
their weekly activity. (1) How long do you watch TV, videos,
DVD? (2) How long do you watch online videos? (3) How long
do you use social media? (4) How long do you play online games?
Participants were asked to report the time spent on each screen
behavior in a week.

Exercise and Sleep Duration

For exercise time, participants were asked the following
question: usually, how long do you play sports or exercise
outside of school? Here, participants were asked to respond
with their exercise time for each day of the week (from
Monday to Sunday). Thereafter, the weekly exercise time was
calculated by summing the exercise time for each day of the
week. The questions were derived from an annual national
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Total sample size (n = 34,643)

Primary school students: n =24.,224
Secondly school students: n = 10,419

Excluded

Not submitting questionnaire (n =251)

Eligible for analysis

(n = 34,392; 99.3%)

Present study (n = 23,573; 68.0%)

Excluded due to missing data

Age: n =353, Sex: n=219, Screen behavior (Smartphone [n =
4,232], TV/video/DVD [n = 4,086], Tablet, PC [n =4.,331],
Non-online game [n =4,452], watching movie [n = 5,400], SNS
[n=5.458], Online game [n = 5,404], Reading electronic books
[n=5,461], Talking on the phone [n = 5,489]), Depression [n =
3,212], Exercise [n =3,697], Sleep duration [n = 3,615]

Primary school students: n = 15,726 (64.9%)
Secondly school students: n = 7,847 (75.0%)

FIGURE 1 | Flow chart of the data sampling.

physical fitness survey among Japanese children and adolescents
aged 10-11 and 13-14 years (called “National Survey of
Physical Fitness, Athletic Performance and Exercise Habits”)
(34, 35). While the questionnaire has not been validated using
objective physical activity measures (e.g., accelerometers and
doubly labeled water), the time spent on exercise evaluated
by the questionnaire has been shown to be significantly
associated with health-related outcomes including objective
physical fitness performance (34, 35). For sleep duration,
participants were asked about their usual weekday wake-
up time and bedtime. Thereafter, the sleep duration was
calculated by subtracting the wake-up time from the bedtime.
Participants were categorized into two groups (meeting sleep
guidelines vs. not meeting sleep guidelines) based on the 24h
movement guideline that recommends 9-11 h/day of sleep for
5-13 years old children and 8-10 h/day of sleep for 14-17
adolescents (23).

Depression

Depression symptoms were measured using a modified
version of the depression questionnaire developed by
the American Psychiatric Association (36). The modified

version of the questionnaire was developed by the
Japanese Association of School Health for Japanese
school-aged children, and the questionnaire has been

tested for its validity and reliability among non-depressed
Japanese children and adolescents (33). The questionnaire
includes eight questions. Depression is defined using
the criteria developed by the Japan Society of School
Health (33).

Statistical Analysis

To examine if any difference existed in age, screen behavior,
exercise, sleep, and the prevalence of depression by sex
(boys vs. girls) and school type (elementary school vs. junior
high school), t-tests were performed. Independent associations
between various types of screen behavior and prevalence of
depression were examined by logistic regression analyses. The
presence of depression was considered as a main outcome
variable after adjustments were made for age, school, sleep
duration, exercise time, and other screen behavior types (e.g.,
when TV was modeled as the main exposure, the analysis
was adjusted for the other three (ie., online videos, online
games, and social media) exposures). To understand the dose-
response relationships between screen behavior and depression,
we categorized the participants into four groups (“0-30 min,”
“30-60 min,” “1-2h,” and “>2 h”) based on time spent engaging
in each screen behavior, with the least usage group (i.e., “0-
30 min”) henceforth mentioned as the reference group. Odds
ratios (ORs) and 95% confidence intervals (95% CIs) were
estimated. To examine whether exercise and sleep can attenuate
the negative effects of screen behavior, a two-way analysis of
covariance (ANCOVA) was conducted after adjusting for age,
school, sleep duration (i.e., when the exercise was modeled as
main exposure, the analysis was adjusted for sleep duration),
exercise time (i.e., when sleep was modeled as the main exposure,
the analysis was adjusted for exercise), and other screen behavior
types (e.g., when TV was modeled as the main exposure,
the analysis was adjusted for the other three exposures). For
exercise, the participants were categorized into two groups
(“High EX” vs. “Low EX”) based on the median value of the
time spent doing exercise. For sleep, the participants were
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TABLE 1 | Descriptive characteristics of the participants.

Elementary school

Junior high school

Comparisons, p-value

Boys vs. Girls Elementary vs. junior

(n = 15,726) (n = 7,847) high school
Boys Girls Boys Girls Elementary  Junior high Boys Girls
(n = 8,010) (n =7,716) (n = 4,189) (n = 3,658) school school
Basic characteristics
Age (years) 9.7+16 9.3+ 1.7 14.0+0.8 14.0+0.8 <0.001 0.330 <0.001 <0.001
Screen behavior
TV, video, DVD (min/day) 80.2 £57.0 84.5 + 60.1 98.7 + 88.7 1121 £ 94.5 <0.001 <0.001 <0.001 <0.001
Watching online video (min/day) 26.6 +40.8 254 +41.9 76.8 +80.2 75.7+£78.8 0.019 0.494 <0.001 <0.001
Social media (min/day) 1.6+ 10.6 3.2+138 28.5+499 54.7 +£67.3 <0.001 <0.001 <0.001 <0.001
Online game (min/day) 18.7 £37.7 7.0+£20.9 741 +£87.7 22.4 £ 50.6 <0.001 <0.001 <0.001 <0.001
Depression
Depressive symptom [% (n)] 3.3 (264) 2.7 (208) 9.5 (398) 8.8 (322) 0.001 0.245 <0.001 <0.001
Exercise and sleep
Exercise time (min/day) 745+£589 471 +456 69.3+620 5231586 <0.001 <0.001 <0.001 <0.001
Sleep duration (min/day) 5451 £47.0 5459+49.0 4494+76.8 436.6+735 0.189 <0.001 <0.001 <0.001

Data are expressed as mean (or percentage) and standard deviation. Bold values represent statistically significant p-values (< 0.05).

categorized into two groups (“Met sleep guideline” vs. “Not
met sleep guideline”) based on the 24-h movement guideline
(23). All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 27.0 (IBM Corporation, Armonk,
NY, USA).

RESULTS

Descriptive Characteristics of the

Participants

There were significant differences in screen behavior types by
sex (boys vs. girls) and school type (elementary school vs. junior
high school) (Table 1). Boys spent more time watching online
videos (elementary school students only) and online games than
girls. In contrast, the girls spent more time watching TV, videos,
DVD, and social media than boys. Junior high school students
spent more time on all screen behavior types than elementary
school students. Boys had a higher prevalence of depression
than girls among elementary school students. Junior high school
students had a higher prevalence of depression than elementary
school students. Boys spent more time exercising than girls.
Boys in junior high school spent less time exercising than boys
in elementary school, but the opposite results were found for
girls. Among junior high school students, boys spent more time
sleeping than girls did. Junior high school students spent less time
sleeping than elementary school students (Table 1).

Various Types of Screen Behavior and

Depression

The associations between screen behavior and depression varied
according to screen behavior type (Figure 2). Junior high school
students (both boys and girls) who spent more than 2 h/day
on social media had a higher prevalence of depression than the

reference group. Girls in junior high school who spent more
than 2 h/day playing online games had a higher prevalence
of depression than the reference group. Additionally, boys in
elementary school who spent more than 2 h/day of watching
online videos had a higher prevalence of depression than the
reference group. However, more time spent watching online
videos was associated with a lower prevalence of depression
among junior school boys. Furthermore, more time spent
watching TV was associated with a lower prevalence of
depression among boys and girls.

Combined Associations of Exercise and

Screen Behavior Types With Depression
Figure 3 shows the results of the two-way ANCOVA analysis
(exercise x screen behavior). Exercise significantly affects screen
behavior of elementary school boys (online videos), junior high
school boys (TV, online videos, and online games), and junior
high school girls (all screen behavior types). There were no
significant interactions between exercise and screen behavior in
relation to the prevalence of depression.

Combined Associations of Sleep and

Screen Behavior Types With Depression
Figure 4 shows the results of the two-way ANCOVA analyses
(sleep x screen behavior). There were significant main effects
for sleep among elementary school boys (TV and online videos).
There were no significant main effects for sleep among girls and
junior high school boys.

DISCUSSION

The present study examined the association between various
screen behavior types and depression, while also taking into
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FIGURE 2 | Various types of screen behaviors and depression. Data are expressed as odds ratios and 95% confidence interval. Independent associations between
various types of screen behaviors and prevalence of depression were examined by logistic regression analyses with the presence of depression as a main outcome
variable after adjusting age, school, sleep duration, exercise time, and other screen behaviors [e.g., when TV was modeled as the main exposure, the analysis was
adjusted for the other three exposures (i.e., online videos, online game and social media)].

consideration the influence of exercise and sleep, among a large
sample of children and adolescents. The present study revealed
that the associations between screen behavior and depression
varied by screen behavior types and participant characteristics
(sex and developmental stage). In general, more time spent
on newer types of screen behavior, including social media,
online games (among junior high school girls), and online
videos (among elementary school students) was associated with
a higher prevalence of depression. In contrast, more time spent
on TV, which was traditionally assessed as screen behavior,
was associated with a lower prevalence of depression. Sufficient
exercise can lower the prevalence of depression, regardless of
the length of time and content of screen behavior types, which
was particularly significant for junior high school girls. Sleeping
for reccommended hours can lower the prevalence of depression,
but only in elementary school boys. These results could provide
important insights to promote psychological health among
children and adolescents in the current digital society, where
screen devices are ubiquitous (6).

Explanations of Main Findings

This is the first study to reveal that sufficient exercise (particularly
for junior high school students) and sleep (at least for elementary
school boys) can attenuate the negative effects of various types
of screen behavior on depression in children and adolescents.
There are several potential mechanisms that explain how

sufficient exercise and sleep are associated with lower prevalence
of depression. For example, exercise can reduce the risk of
depression through biological (e.g., improving neuroplasticity,
neuroendocrine response, inflammation, and oxidative stress)
as well as psychological processes (e.g., enhancing self-esteem,
social support, and self-efficacy) (37). The present study showed
that exercise had greater effects on depression in adolescents,
which can be explained by the higher prevalence of depression
in adolescents (9.5% and 8.8% for boys and girls, respectively)
than in children (3.3 and 2.7% for boys and girls, respectively).
This is consistent with findings from previous studies suggesting
that exercise is particularly beneficial for adolescents (38). Among
junior high school students, exercise significantly attenuated
the negative effects of TV, online videos, and online games
on depression in both boys and girls. In contrast, exercise
significantly attenuated the negative effects of social media on
depression in girls but not boys. The sex differences can be
explained by the shorter time spent on exercise and longer
time spent on social media by girls compared to boys, which
are consistent with previous studies (39, 40). Additionally,
previous studies reported that there were larger protective effects
of exercise on depression in girls than among boys (41, 42).
These characteristics might have resulted in the larger protective
effects of exercise from prolonged social media on depression
among girls. Short sleep duration was negatively associated with
brain function (43, 44), brain structure (44), executive function,
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FIGURE 3 | Combined associations of exercise and screen behaviors with depression. Data are expressed as odds ratios and 95% confidence interval. Two-way
analysis of covariance (ANCOVA) were conducted after adjusting for age, school, sleep duration and other screen behaviors (e.g., when TV was modeled as the main
exposure, the analysis was adjusted for the other three exposures). The participants were categorized into two groups (“High EX” vs. “Low EX”) based on the median

including working memory and inhibitory control (45), and
daytime active behavior due to sleepiness and fatigue (46). Since
the Canadian 24 h movement guidelines were released in 2016
(23), numerous pieces of evidence for the combined associations
of physical activity, sedentary behavior, and sleep with health
outcomes have been published (30). However, most studies on
this topic primarily focused on physical health outcomes, and
little attention has been paid to mental health outcomes (30,
47). The present study adds to a small body of evidence by
demonstrating the potential protective effects of exercise and
sleep on depression, along with comprehensive assessments of
various types of screen behavior. This is particularly important
because types of screen behavior in children and adolescents
have become more diverse than ever (16), and assessing only
traditional screen time (such as TV viewing and computer
gaming) may not be enough for a comprehensive understanding
of screen behavior in this population.

Associations of Screen Behavior and
Depression Differ by Screen Behavior
Types

There are several potential mechanisms by which types of
screen behavior are associated with depression, including
the displacement hypothesis (18, 19) and upward social
comparison hypothesis (20-22). The present study suggests
that the associations between screen behavior and depression
differ by screen behavior types. This suggests that there

might be, at least in part, mechanisms other than the
displacement hypothesis behind the associations. The upward
social comparison hypothesis posits that the effects of screen
behavior on depression can vary based on the content
viewed on screens (20-22). In particular, upward social
comparisons occur when people compare themselves to others
who are in more favorable positions (20-22). Previous studies
have shown that social media use might be particularly
detrimental because it creates feelings of inferiority via upward
social comparison (24-26), which is consistent with the
findings of the present study. This is concerning because
the majority of adolescents in today’s world use social
media and it has become an essential part of their social
life (16, 48).

Strength and Limitations

The present study had several strengths. The large sample
size of the present study enabled us to conduct stratified
analyses (stratified by developmental stage and sex) taking
into account exercise and sleep. Our results suggest that
effective approaches to lower the risk of depression should
vary according to sex and developmental stage, which have
important implications for policy making, clinical practice,
and future interventions. Second, we included both traditional
types of screen behavior such as TV and newer types
such as watching online videos, spending time on social
media, and playing online games. This can provide important
insights, given that types of screen behavior in today’s
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children and adolescents have become more diverse than
ever (16).

Despite the insights provided in our study, some limitations
need to be addressed. First, we used a cross-sectional design;
therefore, it was not possible to examine the causal relationships
between screen behavior and depression. Indeed, it is possible
that depressive children and adolescents are less likely to engage
in favorable lifestyle behaviors, including exercise and sleep,
as previously suggested (49, 50). Second, we used only self-
report measures to assess the time spent on screen behavior
types, exercise, and sleep, which may lack in precision. Third,
the present study did not include any important co-founding
variables, including in-person social interactions with friends and
family, which should be considered in future studies (51). Fourth,
we did not evaluate “how” participants engage in screen behavior.
For example, children and adolescents can use social media
while being mentally active (e.g., chatting with friends, posting
comments, and pictures) or mentally passive (e.g., reading and
scrolling through friends’ comments and pictures). A recent
review argued that there were differential associations between
mentally passive and active sedentary behavior and depression
(13). Therefore, the detail of “how” the screen is used should be
examined in the future.

CONCLUSION

The present study revealed that the associations between
screen behavior and depression varied according to screen
behavior types and participant characteristics. We found that
more time spent on newer types of screen behavior, including
social media, online games (junior high school girls only),
and online videos (elementary school students only) was
associated with a higher prevalence of depression. In contrast,
more time spent watching TV was associated with a lower
prevalence of depression. Our results suggest that a sex-
and developmental stage-specific approach should be used
to effectively lower the risk of depression among children
and adolescents. Additionally, sufficient exercise can lower
the prevalence of depression, regardless of the length of
time and content of screen behavior types. Furthermore, the
protective effects of exercise may be particularly pronounced in
junior high school girls. In contrast, sleep was not associated
with the prevalence of depression among any participant
group except elementary school boys. This study provides
important insights into the current digital society, where screen
devices have become a part of the social life of children
and adolescents.
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Background: Although the elderly frequently engages in brisk walking as a form of
exercise, little has been reported in the literature about the effect of brisk walking on
health-related physical fitness, balance, and overall life satisfaction.

Objectives: The purpose of this systematic review is to determine the effect of brisk
walking on the elderly’s health-related physical fithess, balance, and life satisfaction.

Design: We conducted a comprehensive search from the PubMed, Web of Science,
Scopus, and SPORTDiscus databases from January to September 2021. We selected
studies through PICOS and conducted a systematic literature review according to the
PRISMA guidelines.

Results: Thirteen studies met all criteria; 11 were classed as low risk of bias, while two
were classified as high risk of bias. Generally, brisk walking has been shown to improve
cardiorespiratory fitness, muscular strength, and body composition. Limited evidence
was presented on flexibility, muscular endurance and development and life satisfaction,
and there was conflicting evidence on balance. Moreover, evidence of restriction proves
that high-intensity (80-85%) brisk walking is more effective than moderate-intensity
(60-75%) brisk walking on the aerobic capacity of the elderly. Furthermore, there was
less research conducted on males.

Conclusion: Brisk walking has been shown to improve cardiorespiratory fitness,
muscular strength, and body composition. Other outcomes (balance, flexibility, muscular
endurance, and life satisfaction) and the impact of the intensity of brisk walking on
the elderly should be confirmed. Therefore, there remains insufficient research on brisk
walking, while single brisk walking cannot meet requirements of elderly in terms of their
health-related physical fithess, balance, and life satisfaction. Future research should aim
to examine the effectiveness of combining several types of exercises to promote general
health in the elderly, as the World Health Organization recommends. Unintelligible FITT
(frequency, intensity, time, type) principles of brisk walking training should be trenched
for the results of scientific and effective physical exercise.

Keywords: cardiorespiratory fitness, muscular endurance, muscular strength, body composition, flexibility,
balance, life satisfaction
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Brisk Walking for the Elderly

INTRODUCTION

As a result of the global aging trend, many countries
have increased their focus on the health of the elder
population (1). Physical exercise has been shown to improve
the overall health and quality of life (QoL) of the elderly by
enhancing their physical and mental health (2-4). Walking
is a low-cost, low-impact form of exercise. Not only does it
improve general health and improve QoL, but it also plays
a critical role in the prevention and treatment of numerous
diseases (5).

Age is a significant risk factor for non-communicable chronic
diseases (NCDs) such as chronic obstructive pulmonary disease,
cardiovascular disease (CVD), type 2 diabetes, cognitive decline,
dementia, and cancer (6), all of which have high associated
diagnostic, treatment, and care costs. According to the WHO,
more than 80% of the elderly suffer from at least one NCDs
(7). Cardiovascular diseases account for most NCD deaths,
or 17.9 million people annually (8). Moreover, falls are the
second greatest cause of unintentional injury deaths. The risk of
death or serious injury is greatest for older adults. Furthermore,
some studies have shown that the worse the physical health,
the lower the mental health score (9, 10). Mental health and
physical health are equally for elderly, which influence greatly
an overall feeling of well-being (8). Thus, the main issues of
elderly include cardiovascular diseases, falls, and mental health.
The World Health Organization (WHO) recommends ~150 min
of moderate-intensity physical activity or exercises per week to
reduce the risk of death from any cause, cardiovascular disease,
hypertension, site-specific cancers, type-2 diabetes, prevention of
accidental falls, decreased mental health (anxiety and depression
symptoms), cognitive health, and measures of adiposity (7).
Thus, supporting healthy aging through physical activity, self-
sufficiency, and leisure time becomes a critical public health
problem for enhancing an individual’s health (11). Walking is
among the most popular physical exercises on a global scale
(12). It features simple and natural movements, a moderate
level of workout intensity, and a long lifespan. Meanwhile, it
has the advantage of individuals being less prone to injury and
posing little risk, making it an excellent choice for middle-
aged and elderly individuals (13). Moreover, previous study
have presented that walking can reduce falls times (14), prevent
cardiovascular disease (15), ease up anxiety, and depression (16).
Thus, walking may become one of the effective exercise methods
to alleviate the current health-related problems faced by the
elderly. Base on a book of ACSM’s exercise for older adults, FITT
(frequency, intensity, time, type) principle should be followed
when elderly exercise, which improve physical fitness effectively
(17). Generally, elderly people who participate in exercise are not
sure how fast walking will have a greater impact on the health.
Therefore, it is necessary to review the literature to sort out what
exercise principles are most effective in promoting the health of
the elderly.

Through combing the effects of brisk walking on the health of
the elderly, discovered that most researchers only study its effects
on part of the physical fitness such as lower body strength (18,
19), cardiorespiratory fitness (20-23), body composition (24), no

studies mantled all components, and penurious researches on life
satisfaction. Not only that some studies have unclear reports on
exercise intensity (19, 25, 26). Moreover, only two papers contrast
in brisk walking intensity (24, 27). Additionally, identifying
workouts that have a greater influence on health-related physical
fitness, balance, and life satisfaction to prevent and defend
against the emergence of health problems warrants further
research. The President Council on Physical Fitness has defined
health-related physical fitness as “those specific components of
physical fitness that have a relationship with good health” (28).
Cardiorespiratory fitness, body composition, flexibility, muscular
strength, and muscular endurance are all components of health-
related fitness. Physical fitness has been demonstrated to be
a strong independent predictor of death in previous research
(29). Among them, improving cardiovascular fitness can reduce
your risk of developing cardiovascular disease by increasing
the efficiency of your heart, lungs, and blood vessels (30).
Additionally, balance exercises are critical in avoiding elderly
people from falling (31). Life satisfaction is more important to
the mental health of the elderly (32). Hence, highly related to
health-related physical fitness, balance and life satisfaction, and
health-related issues of the elderly. According to the health-
related fitness model (33), physical activity can promote health-
related fitness eventually affect health which includes wellness,
mortality, and morbidity. In this study, brisk walking as a
physical activity to improve elderly health-related fitness and
balance eventually affect health. Additionally, Life satisfaction is
regarded as an indicator of the quality of life which, in turn, is
associated with mortality (34-36) and morbidity in older adults
(37, 38). Given that brisk walking is a necessary type of exercise
for the elderly, what are the impacts on their physical health?
Is it effective at preventing and protecting against a variety of
chronic diseases that affect the elderly? As such, the purpose
of this study is to determine the effect of brisk walking on the
health-related physical fitness, balance, and life satisfaction of
senior individuals.

MATERIALS AND METHODS
Eligibility Criteria

A systematic review was carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement. Table 1 summarizes the inclusion criteria
for this review, which are Population, Intervention, Comparison,
Outcome, and Study Design (PICOS). In addition to the above
screening criteria, studies were included if they satisfied the
following criteria: (1) full-length, peer-reviewed journal articles;
(2) healthy study participants (excluding those who were obese
or weak); and (3) consideration of objective measurements
of health-related physical fitness, balance, and life satisfaction.
Physical fitness for health is defined as a subset of fitness
that encompasses cardiorespiratory fitness, muscular strength,
muscular endurance, flexibility, and body composition. These
components are related with daily activities and are critical for
older individuals to preserve their ind