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Cultivating a 24-hour movement behavioral profile con-
ducive to health and well-being, marked by adequate
levels of physical activity, limited screen time, and suffi-
cient sleep, has emerged as an important avenue for pro-
moting pediatric health. We aimed to provide evidence
of this potential, this multiphase, multimethod, and in-
tegrative review comprehensively investigated the global
trends in health promotion initiatives and status of the
Korean pediatric population. This integrative review
comprised 3 phases employing various review methods:
an environmental scan of existing guidelines for 24-hour
movement behaviors worldwide, a rapid review of physical
activity-related indicators from Global Matrix data, and
a systematic review of 24-hour movement behaviors
among children and adolescents in South Korea. The
growing recognition of a holistic approach to the 24-
hour movement behavior paradigm in pediatric health
promotion has led to the establishment and adoption
of 24-hour movement guidelines in different countries
and by the World Health Organization (WHO). Korean
health authorities have also responded to this need by
releasing a translated report of the WHO guidelines for
physical activity and sedentary behavior as well as the
2024 update of the Physical Activity Guidelines for Ko-
reans. Accordingly, actions must be followed in policy,
research, and practice. This is critical considering that
Korean children and adolescents exhibit an unfavorable
profile of 24-hour movement behaviors compared to the
global average. Among those aged 0-6 years, the weighted
averages for guideline adherence were 18.2% for physical
activity, 38.1% for sedentary behavior, and 76.2% for sleep.
For those aged 12-18 years, the weighted averages for
guideline adherence were 20.4% for physical activity,
55.9% for sedentary behavior, and 26.2% for sleep. Building

on these current findings, this integrative review provides
3 priorities for pediatric health promotion policy and
practice and 3 recommendations for future research.
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Key message

- The 24-hour movement behavior paradigm provides an
important framework for future pediatric health pro-
motion efforts.

- Policy priorities should include advancing surveillance
and monitoring assessments related to 24-hour move-
ment behaviors, evaluating their implementation in
school and government policies, and building prepared-
ness for future pandemics and natural disasters, includ-
ing climate change, by promoting healthy 24-hour move-
ment behaviors.

- Future research should advocate for the promotion of 24-
hour movement behaviors.

Introduction

It is well established that adhering to the recommended
levels of physical activity, sedentary behavior, and sleep
is associated with numerous health and well-being bene-
fits among children and adolescents."? Collectively,
these behaviors have been labeled 24-hour movement
behaviors, as they span a continuum of intensity-based
movement that is spread throughout the 24-hour period.
34 Based on evidence suggesting that 24-hour movement
behaviors are associated with several health outcomes,
internationally recognized guidelines, such as the world-
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Global Trends in the Importance of 24-hour Movement Behaviors for Pediatric Health:

Implications for South Korea

Contemporary pediatric heath
challenges

» Climate change

- COVID-19 pandemic

« Environmentally induced health

conditions (e.g., allergies)

« Childhood obesity

- Deteriorating mental health

- Smartphone addiction

- Antisocial behavior

Priorities for Policy:

» Surveillance & monitoring of 24-hour
movement behaviors (MB)

+ Preparedness for future pandemics & natural
disasters via the promotion of 24-hour MBs

+ Evaluation of school and government policy
related to 24-hour MBs

Adherence to 24-Hour Movement Guidelines

B Physical activity [l Sedentary behavior [l Sleep

56%

Y.,

12-18 yrs

Note. For adherence, either the age-specific World Health Organization’s
Guidelines or Canada’s 24-Hour Movement Guidelines were used for benchmarks.
Recommendations for Research:
« Advocacy for 24-hour MBs

« Integration of 24-hour MB paradigm in
health research

. Consideration of the roles of 24-hour
MBs beyond a biomedical emphasis

Graphical abstract

first Canadian 24-Hour Movement Guidelines,">% provide
specific cut-points for each behavior that are associated
with health benefits.

Although evidence is largely lacking on the health
benefits of 24-hour movement behaviors among children
and adolescents in South Korea (Korea hereafter), an
analysis of the 2016 Korea Youth Risk Behavior Web-based
Survey (KYRBS) revealed that, among 50,987 adolescents
aged 12-17 years, engaging in high physical activity and
low sedentary behavior while obtaining adequate sleep
was associated with favorable psychological well-being.®)
Despite these findings, low physical activity and high
sedentary behavior have been consistently observed
across the past decade among Korean children and adole-
scents;'? these patterns were exacerbated by the coro-
navirus disease 2019 (COVID-19) pandemic.'” Analysis
of data from the 2019 (prepandemic) and 2020 (postpan-
demic) KYRBSY indicated a decrease in meeting physical
activity (6.1% to 5.8%), sedentary behavior (32.2% to 20.2%),
and sleep (19.6% to 19.4%) recommendations.

In addition to the impact of the COVID-19 pandemic,
recent systematic reviews suggested that climate change
may negatively impact the opportunity for physical ac-
tivity.l>!? Given the worsening air pollution in Korea, it is
reasonable to anticipate a reduction in physical activity
opportunities, with potential replacement by indoor se-
dentary activities, for Korean children and adolescents.
This shift has been anecdotally described in the most
recent Report Card of the physical activity of children

and adolescents in Korea,'” which comprehensively eval
uates physical activity-related indicators and sources
of influence among Korean children and adolescents.
In addition to the challenges associated with climate
change, childhood obesity,® environmentally induced
health conditions such as allergic rhinitis and atopic der-
matitis,”¥ deteriorating mental health,’” smartphone
addiction,'® and antisocial behavior” are also emerging
as major public health concerns for the Korean pediatric
population.

With persistent and emerging public health challenges,
thorough surveillance and monitoring of health-enhanc-
ing 24-hour movement behaviors and their interactions
with various health and environmental outcomes can
inform the development of future health promotion
policies and practices for the pediatric population in
Korea. However, up-to-date information is lacking that
comprehensively summarizes the status of 24-hour mo-
vement behaviors among children and adolescents in
Korea. Therefore, the objectives of this multiphase, multi-
method, and integrative review were to: (I) summarize
the global trends in the development of 24-hour move-
ment guidelines, (2) investigate the status of the 24-hour
movement behaviors in the Korean pediatric population,
and (3) develop priorities and recommendations for
future pediatric health promotion efforts in Korea.
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Methods

1. Data sources

This integrative review included 3 phases involving
different review methods to meet its objectives. Phase
1 was conducted in September and October 2023, while
phase 2 was conducted in November and December
2023. Phase 3 was informed by the review data collected
in 2021, with the results from the top-up database search
conducted in January 2024 added to provide the most up-
to-date information.

1) Phase 1: environmental scan

The first phase involved an environmental scan of
literature to explore the global trend in the development
of 24-hour movement guidelines. Because established
guidelines to follow for conducting an environmental
scan are lacking, we followed the “formal search” method
first outlined by Choo® and used in previous studies.'”)
For the environmental scan, we searched the scientific
and grey literature in the MEDLINE and CINAHL data-
bases that present 24-hour movement guidelines by
country or organization of origin. Google Scholar was
also searched to ensure that no relevant recent studies
were excluded. The database search was conducted in
September and October 2023 by one member of the re-
search team (R]) using the following keywords: 24-hour
movement guidelines, movement behavio*, child*, youth,
adolescen*, and movement behavio* recommendation.
Only articles, reports, or websites published in English
were retrieved.

2) Phase 2: rapid review

The second phase of this integrative review involved a
targeted and rapid review of the comprehensive evalua-
tion of the levels and trends of movement behaviors
and sources of influence among Korean children and
adolescents. Specifically, data from the Global Matrix
Initiative in which Korea has been participating since
2016 were collected. Led by the Active Healthy Kids Glo-
bal Alliance (AHKGA), a not-for-profit organization that
promotes physical activity among children and adoles:
cents worldwide, is a periodic initiative in which partici-
pating countries develop their own Report Cards on
physical activity for children and adolescents.?” Korea
participated in the Global Matrix in 2016,2) 2018,”? and
202229 (no initiative was conducted in 2020 because of
the COVID-19 pandemic), in which 38, 49, and 57 countries
participated in Report Card development, respectively.
The Korean Report Card team primarily gathered evid-
ence based on national surveys, independent studies, and
government reports®1? to grade a number of common

indicators, including physical activity, sedentary beha-
vior, and sleep (2022 only) as well as sources of influence
(e, family, peers, school, community, environment,
and government). Briefly, a harmonized process was
followed to provide grades for each indicator following
the standardized grading framework and benchmarks
provided by the AHKGA (Supplementary Tables 1 and 2).
Detailed information about the Report Card and Global
Matrix development processes is described elsewhere.2023

3) Phase 3: systematic review

The last source used to explore the current 24-hour
movement behaviors among Korean children and ado-
lescents was a systematic review of the relevant lite-
rature. The MEDLINE, PsycINFO, SPORTDiscus, Sports
Medicine & Education Index, CHINAHL, and Embase
databases were searched. The initial search was con-
ducted in May 2021 as part of a major systematic review
to investigate the levels and correlates of 24-hour move-
ment behaviors among children and adolescents living
in Asian countries.?¥ Two top-up searches were con-
ducted in January and June 2024 to identify the most
up-to-date articles involving Korean children and adole-
scents regarding 24-hour movement behaviors. The
search strategies used at each stage are listed in Supple-
mentary Table 3. The study inclusion criteria were as
follows: (1) participants aged 2-17 years and living in
Korea, (2) provided adherence rate to the World Health
Organization (WHO) or Canadian 24-Hour Movement
Guidelines for children under the age of 5 years or for
children and youth (5-17 years), and (3) published in a
peer-reviewed journal in English. Studies were excluded
if the sample or population had a known health condition
except for being overweight/obese. Furthermore, studies
were excluded if they did not report all 3 of the 24-hour
movement behaviors. For example, if a study reported
levels of physical activity and sedentary behavior but not
sleep, it was excluded from the review.

2. Evidence synthesis

Data obtained from the environmental scan of sci
entific and grey literature on the existing 24-hour move-
ment guidelines were synthesized with focus on key
details such as country or organization of origin, year of
launch/publication, and age-specific cut-points for physi-
cal activity, sedentary behavior, and sleep. Data from the
Global Matrix, which included the 2016, 2018, and 2022
Korean Report Cards, were sourced from manuscripts
published in peer-reviewed journals. The extraction pro-
cess was conducted by one author (R]), who systematically
extracted and recorded the grades assigned to various
common indicators with important background infor-

www.e-cep.org

https://doi.org/10.3345/cep.2024.00178 18


https://doi.org/10.3345/cep.2024.00178

mation. Specific details of the extracted data such as re-
ferences, age groups, sample sizes, and indicators were
comprehensively reviewed by the same author (R]). To
ensure accuracy and reliability, all of the extracted data
were subjected to a rigorous verification process con-
ducted by another author (EYL).

The levels of movement behaviors or adherence to any
established age-specific movement guidelines identified
in the first phase of this study (i.e., environmental scan)
were summarized separately for physical activity, seden-
tary behavior, and sleep as well as the research articles
identified through the systematic search. Sociodemo-
graphic correlates of meeting guidelines or movement
behavior levels were also gathered during the data ex
traction process when provided by the searched articles.
Two members of the research team (R], SP) conducted
the data extraction with focus on key elements, such as
representativeness (representative, nonrepresentative),
age groups (7-12 years, 13-17 years, more than one age
group), measurement method used (self-reported, proxy-
reported, device-measured), sociodemographic correlat
es examined (yes, no), and study funding status (yes, no,
unclear). Extracting information on funding availability
aimed to shed light on the level of support for 24-hour
movement behavior research within the nation.

All data used in this review were subjected to a two-

step process encompassing both extraction (R] and SP)
and verification (SP or EYL) to ensure the robustness
and integrity of the synthesized information. Averages
were computed to indicate the levels of each movement
behavior or adherence to the guidelines reported in mul-
tiple studies. In cases in which a study presented more
than 2 values for different sociodemographic groups (e.g.,
adherence to guidelines among boys and girls separately,
without overall adherence), a weighted average was cal-
culated based on the sample size of each subgroup. The
average adherence to the guidelines for each movement
behavior was calculated by considering the varying
sample sizes across studies. Consequently, the prevalence
estimate derived from a study with a larger sample was
assigned greater weight than that derived from a study
with a smaller sample size.

Results
1. Phase 1: environmental scan
1) Summary of existing 24-hour movement guidelines
worldwide

Table 1 provides an overall description of the existing
24-hour movement guidelines. Evidence supporting the

Table 1. Overall summary of the currently existing 24-Hour Movement Guidelines for Children and Youth (0-17 years)

L Year Age group 24-hour movement behaviors
Country/Organization . - — -
published (range) Physical activity (PA) Sedentary behavior Sleep
Global/World Health 2019%  Earlyyears(0-4yr) <1-yr-olds: 230-min tummy <2-yr-olds: 0 hr ST, <1 hr of being 0-3-mo-olds: 14-17 hr; 4-11-
Organization time; 1-2-yr-olds: 2180-min  restrained (e.g., strollers)ata  mo-olds: 12-16 hr; 1-2-yr-olds:
PA; 3-4-yr-olds: 2180-min PA;  time; 2-4-yr-olds: <1 hr ST, <1 hr ~ 11-14 hr; 3-4-yr-olds: 10-13 hr
>60-min MVPA of being restrained atatime
Canada/Canadian 20177 Earlyyears(0-4yr) <1-yr-olds: 30-min tummy <2-yr-olds: 0 hr ST: <1 hr of being 0-3-mo-olds: 14-17 hr; 4-11-
Society of Exercise time; 1-yr-olds: 2180-min PA;  restrained at a time; 2- 4-yr-  mo-olds: 12-16 hr; 1-2-yr-olds:
Physiology 3-4-yr-olds: 2180-min PA; olds: <1 hr ST, <1 hr of being  11-14 hr; 3-4-yr-olds: 10-13 hr
>60-min energetic play restrained at a time
2016"  Children andyouth >60-min MVPA; >3-day/wk VPA, <2 hr ST limited sitting for ex- 5-13-yr-olds: 9-11 hr; 14-17-yr-
(5-17yr) MSA, and BSA; several hr LPA tended periods olds: 8-10 hr
Australia 2017*?  Earlyyears(0--5yr) <1-yr-olds: >30-min tummy <2-yr-olds: 0 hr ST; limited being 0-3-mo-olds: 14-17 hr; 4-
time; 1-2-yr-olds: 2180-min  restrained for extended pe-  11-mo-olds: 12-16 hr; 1-2-yr-
PA; 3-5-yr-olds: 2180-min PA;  riods; 2-5-yr-olds: <1 hr ST;  olds: 1114 hr; 3-5-yr-olds: 10-
>60-min energetic play limited time being restrained  13hr
for extended periods
2021V Children andyouth ~ >60-min MVPA; >3-day/wk VPA, <2 hr ST; limited sitting for ex- 5-13-yr-olds: 9-11 hr; 14-17-yr-
(5-17yr) MSA, and BSA; severalhr LPA  tended periods olds: 8-10 hr
New Zealand 2017%  Earlyyears (0-4yr) <5-yr-olds: >3-hr PAfor toddlers <2-yr-olds: 0 hr ST; limit time 0-3-mo-olds: 14-17 hr; 4-12-
and preschoolers; various op-  spent sitting; 2-5-yr-olds: <1 hr ~ mo-olds: 12-15 hr; 1-2-yr-olds:
portunities of active play ST, limit time spent sitting 11-14 hr; 3- 4-yr-olds: 10-13 hr
2017%  Childrenandyouth >60-min MVPA; >3-day/wk VPA, <2 hr ST; limited sitting for ex- 5-13-yr-olds: 9-11 hr; 14- 17-yr-
(5-17yr) MSA, and BSA; several hr LPA  tended periods olds: 8-10 hr
South Africa 2018%¥  Earlyyears(0-5yr) <1-yr-olds: 30-min tummy <2-yr-olds: 0-hr ST; <1 hr of being 0-3-mo-olds: 14-17 hr; 4-11- mo-

time; 1-2-yr-olds: >180-min
PA; 3-5-yr-olds: 2180-min PA;
> 60-min energetic play

restrained at a time; 2-5-yr-
olds: <1-hr ST; <1 hr of being
restrained at a time

olds: 12-16 hr; 1-2-yr-olds: 11-14
hr; 3-5-yr-olds: 10-13 hr

BSA, bone-strengthening activities; LPA, light-intensity physical activity; MSA, muscle-strengthening activities; MVPA, moderate- to vigorous-intensity physical
activity; ST, screen time; VPA, vigorous-intensity physical activity.
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24-hour movement paradigm has led to the expanded
development of integrated 24-hour movement guide-
lines. In 2016, Canada became the first country to release
integrated 24-Hour Movement Guidelines for Children
and Youth aged 5-17 years.) The development process
was guided by 4 systematic reviews: 3 investigating the
relationships between each movement behavior and
health indicators®>?? and one investigating the relation-
ships between integrated movement behaviors and health
indicators.?® Shortly thereafter, governments of New
Zealand® and Australia®® released similar guidelines
adapted from Canada’s guidelines that considered speci-
fic needs identified by a local research team.? Overall,
although there are slight differences in the evidence
used to inform the development, adoption, and/or adap-
tation of the guidelines and wording in examples or
statements embedded within the guideline document,
recommendations for healthy levels of physical activity,
sedentary behavior, and sleep are essentially the same
across countries. Specifically, for those aged 5-17 years,
engaging in at least 60 minutes of moderate- to vigo-
rous-intensity physical activity (MVPA) and no more
than 2 hours of recreational screen time per day are re-
commended. Moreover, 9-11 hours of daily sleep for
5-13-year-olds and 8-10 hours of daily sleep for 14-17-year-
olds is recommended.

For young children (those 0-4 years), the first 24-Hour
Movement Guidelines were developed by the Canadian
researchers in 20172 Immediately after their launch,
Australia®® and New Zealand? adopted these guidelines
in 2017. Additionally, in 2018, South Africa collaborated
with the guideline development team in Australia® to
adapt the guidelines while considering the context of
South Africa, primarily given its income level differences
and extreme income inequality and poverty.>® Similarly,
researchers in the United Kingdom (UK) proposed the
development of 24-hour movement guidelines for child-
ren younger than 5 years. However, the chief medical
officers in the UK did not accept the integrated approach,
specifically the recommendations for sedentary behavior,
screen time, and sleep; as a result, only physical activity
recommendations were released.>”

Based on the need to develop global integrated recom-
mendations and following the WHO's Global Action
Plan on Physical Activity, 2018-2030,*® in 2019, the WHO
developed global 24-hour movement guidelines for child-
ren younger than 5 years.?® Subsequently, in 2020, the
WHO released global guidelines for physical activity
and sedentary behavior for children and adolescents
(5- 17 years).?? All existing 24-hour movement guidelines
(Table 1) are fundamentally identical, with only minor
alterations in sedentary behavior recommendations.

Specifically, the WHO did not make specific recommen-
dations about sedentary behavior because of insufficient
evidence to determine the specific optimal dose for
health and low certainty about the relationship between
sedentary behavior and health outcomes.?”)

2) Adoption of WHO 2020 guidelines and new Physical
Activity Guidelines for Koreans (revised edition)

In 2021, the Korea Health Promotion Institute3® respond-
ed to the global action of integrating 24-hour movement
behaviors into health promotion efforts by publishing a
translated version of the WHO’s latest guidelines from
2020.3°49 However, this report encompassed only physical
activity recommendations for 3 age groups (5-17 years,
18-64 years, and 65 years and older); recommendations
for the youngest age group (0-4 years) have not yet been
released despite the WHO providing recommendations
for this age group.?® Furthermore, the translated report
3® exclusively focused on recommendations for physi-
cal activity, overlooking the health implications of se-
dentary behavior and sleep as well as the significance of
considering the integrated nature of 24-hour movement
behaviors.

In 2023, Korea revised its 2012 Physical Activity Guide-
lines for Koreans and published the revised edition,*)
which included recommendations for physical activity
and sedentary behavior for young children (3-5 years)
as well as older children and adolescents (6-18 years)
(Table 2). These recommendations differ slightly from
the previous version*? and the 2020 WHO recommenda-
tions® to accommodate the local context. For example,
the age grouping was adjusted to align with the lunar
calendar-based age classification used in the Korean
education system until June 2023 (Please note that there
was a shift to the Gregorian calendar on June 28, 2023).
Recommendations for the early years do not include
infants (<1 year) and toddlers (1 to <3 years), and physical
activity recommendations for 3-5-year-olds do not in-
clude specific time amount recommendation; rather, they
include only activity types.

2. Phase 2: rapid review

Korea participated in 3 rounds of the Global Matrix,
which provided a comprehensive evaluation of physical
activity-related behavioral indicators and sources of
influence. The main data sources used for grading are
described in Table 3, while the grades assigned to each
indicator for each round of the Global Matrix are listed in
Table 4. As described in Table 3, data for 24-hour move-
ment behaviors were derived solely from the most recent
KYRBS in each round of the Global Matrix; therefore, it is
important to acknowledge that the results of this review
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Table 2. 2023 Physical Activity Guidelines for Koreans (revised edition)*”
Age group

Physical activity

General statement

Early years children should engage in various physical activities every day.

* For healthy growth and development, early years children should spend an active day physically, and engaging in play that
includes various types of aerobic physical activities should be encouraged.

« Itis advisable to include strength training and bone growth exercises for healthy growth.

Early years children
(3-5yr)

Amount | Intensity Type (aerobic) Type (strengthening)

NA NA Brisk walking, running, tag and play based physical activity, play- | Bar hanging, stair climbing, sit and
ing with a ball, riding a bicycle or kickboard, swimming, dancing, stand
and taekwondo

Sedentary behavior

General statement

Early years children should minimize the time spent sitting throughout the day.

+ Particularly, it is advisable to minimize sitting time for activities such as watching TV, using computers, and using smart
devices.

« Itis recommended to replace sitting time with physical activities.

Children and adolescents
(6-18yr)

Physical activity

General statement

Children and adolescents should engage in high-intensity aerobic physical activity for at least 3 days a week.

Of 60 min of physical activity daily,

* Physical activities that contribute to the healthy growth of bones should be done for at least 3 days a week.

+ Activities involving jumping or leaping with one or both feet should be performed.

« Strength training should be done for at least 3 days a week.

+ It is recommended to include all body parts in strength training. It is advisable to allow each muscle group to rest for more
than a day before exercising it again.

Amount Intensity Type (aerobic-moderate Type (aerobic-vigorous Type Type (bone
intensity) intensity) (strengthening) growth)
60 min | Moderate-to- | Brisk walking (=6 km/hr), jump | Heavy weight lifting and | Push-up, chin-up,free | Jump roping, run-
daily vigorous roping, cleaning, playing | moving, running, vigo- | weight exercises | ning, basketball,
intensity with companion animals, | rous sport games like | including squat, | volleyball, tram-

bathing companion animals,
swim practice, cycling (<16
km/hr), martial arts practice
like taekwondo or aikido,
light dancing, e-games that
involve physical activity

soccer and basketball,
swim competition, vigo-
rous dancing, martial arts
competitions like taek-
wondo or aikido, cycling
(216 km/hr)

resistant band-or
equipment-based
exercises, yoga,
pilates, stair clim-
bing, climbing

poline, gymnas-
tics, jump band

Sedentary behavior
General statement

Children and adolescents should minimize the time spent sitting throughout the day.
+ Particularly, it is advisable to minimize sitting time for activities such as watching TV, using computers, and using smart

devices.

+ Itis recommended to replace sitting time with physical activities.

are only pertinent to children and adolescents aged 12-18
years. Furthermore, this study discusses only the changes
in the indicators that provide grades across the 3 rounds
of the Global Matrix. The sleep indicator, first considered
in the 2022 Report Card, is not a formal part of the Global
Matrix list of common indicators.?® The grading rubrics
and specific benchmarks for each indicator are available
in Supplementary Tables1and 2.

1) Behavioral indicators

Among the 6 indicators included across 3 Global Ma-
trices (2016-2022),0?? generally low or no grades due to
incomplete data (“F” to “B+” with 5 “Incompletes”) were
observed for Korean children and adolescents.®'® Of
them, sufficient data were available for only 3 behavioral
indicators over 3 rounds of the Global Matrix. Grades for
overall physical activity dropped from a “D-" (20%-26%

meeting the benchmark) in 2016 to an “F” (<20% meeting
the benchmark) in 2018. The grade increased back to a
“D-" in 2022, but this change was mainly attributable to
the benchmark changes from >60 minutes of MVPA daily
to >4 days per week to accommodate for when average per
week data could not be estimated.'” Active transportation
generally received higher grades than other behavioral
indicators because of the proximity between homes and
schools for most children living in metropolitan cities.?)
Also, the grades for this indictor showed a ~20% net
increase, progressing from a grade of “C+” (prevalence,
54%-59%) in 2016% to “B+” (prevalence, 74%-79%) in 2018°
and 20229

For sedentary behavior, the “F” (>20% meeting the ben-
chmark) reported in 2016 resulted from inconsistencies
in defining and operationalizing sedentary behavior,®
which was resolved in 2018 and 2022 based on updated
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Table 3. Main data sources used for South Korea's Report Cards in each round of Global Matrix

Indicator(s)®

Global matrix round  Report card year Data source Age group Sample size informed
2.0 2016% 2015 KYRBS 12-18 Yr 68,043 1,2,58
2014 KNHANES N/A 901 4
3.0? 2018? 2017 KYRBS 12-17 Yr 57,469 1,2,5,8
2016 KNHANES 12-17 Yr 525 4
2016 PAPS (administered by the Korean Ministry of 117 Yr N/A 6
Education)

4.0 2022"0 2018-2020 KYRBS 13-18 Yr 2018: 38,739-60,040 1,4,5,11
2019:38,575-57,303
2020:46,377-54,948

2018-2019 KNHANES 12-18 Yr 2018:487-793 7
2019: 475-759

2018-2019 KCHS: 219 Yr 2018: 228,340 9
2019:229,099

2020 PSKC 11-12Yr 1412 9

Ministry of Education, Ministry of Health and Notapplicable Not applicable 8,10

Welfare, Ministry of Culture, Sport, and Tourism

KYRBS, Korea Youth Risk Behavior Web-based Survey; KNHANES, Korea National Health and Nutrition Examination Survey; PAPS, Physical Activity Promotion
System; KCHS, Korea Community Health Survey; PSKC, Panel Study of Korean Children.

¥ndicators: 1, overall physical activity; 2, organized sport and physical activity; 3, active play; 4, active transportation; 5, sedentary behaviors; 6, physical fitness; 7,
family and peers; 8, school; 9, community and the environment; 10, government; 11, sleep.

Table 4. Grades assigned for South Korea’s Report Cards in each round of Global Matrix

Global Matrix 2.0*"

Global Matrix 3.0% Global Matrix 4.0%)

Il (2016 Report Card)® (2018 Report Card)” (2022 Report Card)™”

Behavioral
Overall physical activity D- F D-
Organized sport & physical activity C- C INC
Active play INC INC INC
Active transportation C+ B+ B+
Sedentary behavior F D D
Sleep NA NA F
Physical fitness NA D+ INC

Sources of influence
Family and peers INC INC C
School D D+ A
Community and the environment INC INC B-
Government C D A

NA, not available; INC, incomplete due to insufficient data.

Refer to, Supplementary Tables 1 and 2 for the grading rubric and benchmarks used for each indicator.

benchmarks from the AHKGA (Global Matrix 3.0 in 20182
and Global Matrix 4.0 in 2022,2% respectively). Although
the grades for sedentary behavior increased over time
from “F” in 2016 to “D” in 2018 and 2022, it is important to
note that smartphone use-based sedentary behavior was
not considered in the grading because of the potential
overlap with the recreational screen time items measured
in the KYRBS. The amount of time spent on smartphone
use is alarmingly high among Koreans, with an average
of 315.3 min/d among 52,669 adolescents with significant
gender differences (285.0 minutes/day for boys and 346.7
minutes/day for girls).!” In accordance with the 24-hour
movement behavior paradigm, high levels of screen
time may contribute to lower sleep levels among Korean

children and adolescents. Thus, sleep was added as a
new indicator for Korea’s Report Card in 2022 given its
interrelationship with other behaviors within the 24-hour
movement behavior paradigm.? In the 2022 Report Card,
an “F” was given for the sleep indicator, with only 14% of
children and adolescents the sleep recommendation.!”

2) Sources of influence

Of the 4 sources of influence indicators evaluated across
the 3 rounds of the Global Matrix, school and government
had complete grades over time, ranging between “D” and
“A” The school and government indicators improved
significantly from the 2016 (“D” and “C,” respectively)
and 2018 (“D+” and “D,” respectively) to the 2022 (“A” for

www.e-cep.org

https://doi.org/10.3345/cep.2024.00178 22


https://doi.org/10.3345/cep.2024.00178

both indicators) Report Card.®'® The improvement in
the School indicator may be due to the newly developed
curriculum of the Ministry of Education in 2018, which
mandated the number of physical education (PE) classes
for different age groups.? For the school and government
indicators, the use of a standardized evaluation tool, the
health-enhancing physical activity policy audit tool,*?
which systematically evaluates school policies for the
2022 Report Card, likely contributed to the higher grades.
However, assessing the quality of physical activity pro-
motion programs and policies, as well as the translation
of policy into action, would be beneficial for the future
evaluation of these indicators. Although the community
and the environment indicator was only evaluated in 2022
(“B-"), it is noteworthy that Korea is generally equipped
with well-maintained and accessible indoor and outdoor
physical activity facilities. However, climate change-re-
lated factors such as air pollution are mentioned as
threats to physical activity participation among Korean
children and adolescents.”)

3. Phase 3: systematic review

This review used data from an unpublished 2021 syste-
matic review of the 24-hour movement behaviors among
children in Asian countries? as well as a targeted top-
up search conducted in January 2024. Of the 4,408 arti-

Table 5. Characteristics of included studies in phase 3: syste-
matic review (n=13 studies)

Characteristic No. (%)
Data representativeness
Representative 12(92.3)
Nonrepresentative 1(7.7)
Measurement method
Self-report 10(76.9)
Proxy-report 2(15.4)
Device-measured 0(0)
Combination 1(7.7)
Age group
Young children (0-6 years) 2(15.4)
Children (7-11 years) NA
Adolescents (12-18 years) 11(84.6)
24-Hour movement behavior guideline adherence reported
Physical activity only 6(46.2)
Sedentary behavior only 0(0)
Sleep only 0(0)
Physical activity and sedentary behavior 3(23.)
Physical activity and sleep 1(7.6)
Sedentary behavior and sleep 0(0)
All 3 behaviors 3(23.1)
Study funded
Yes 6(46.2)
No 6(46.2)
Unclear 1(7.6)

NA, not available.

[ Identification of studies via databases and registers J { Identification of studies via other methods ]
—
= . . i
_g Records identified from: Record_s rs_amoved before Records !dentlfled from:
S 4408 Databases screening: 0 Websites
= ’ »| 425 Duplicate records removed 0 Organisations
= 13 Citation searching
ﬁ 5 Expert suggestion
)
- I
3,983 Records screened » 3,406 Records excluded
! !
E’ 577 Records sought for retrieval » 42 Records not retrieved 18 Reports sought for retrieval 0 Reports not retrieved
s
2
3
: :
A
535 Records assessed for eligibility 527 Records excluded: - . .
3 Wrong publication year 18 Reports assessed for eligibility > 1§ Riz?\;ss:ﬁ)llugeesdién
352 Wrong population 2 St
18 Wrong study design 6 No g_uldellne adherence
11 Wrong age group provided
131 No guideline adherence
— provided
4 Non-English language
S v
8 Misclassified at Level 1
o
§ 8 Records included in review
S 5 Reports of included studies [
[

[

Fig. 1. Preferred Reporting Items for Systematic Reviews flow chart.
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®0-6 years ® 12-18 years

76.2
(n=1)
55.9
(n=3)
38.1
(n=2)
204 262
182 > (n=3)
(h=2) (n=11)
Physical activity (n=13) Sedentary behavior (n=5) Sleep (n=4)

Adherence to guidelines (%)

Fig. 2. Adherence to 24-hour movement guidelines among young
children (0-6 years) and adolescents (12-18 years) in South Korea
(n=number of studies indicated the guidelines adherence for each
behavior and each age group). For adherence, either the age-
specific World Health Organization’s Guidelines or Canada's 24-Hour
Movement Guidelines were used for benchmarks. Different number
of studies informed the average adherence for each movement
behavior. The percentages indicate weighted averages, adjusted
for different sample sizes across the studies that provided guideline
adherence. Data on children aged 7-11 years were not available.

cles, 13 studies®’*+%¥ involving data from 1,507,892 Ko-
rean children and adolescents aged 0-18 years met the
inclusion criteria (Fig. 1). As shown in Table 5, 92% of the
studies used representative data, such as the KYRBS or
the Korea National Health and Nutrition Examination
Survey (KNHANES), whereas one study used nonrepre-
sentative data.”? All 13 studies were either self-reported,
proxy-reported, or a combination of the 2. Two studies
involved children aged 0-11 years®>> whereas 11 involved
children and adolescents aged 12-18 years.6444648-5159
Only 3 studies reported adherence to all 3 behavioral
recommendations individually and collectively (i.e., meet
physical activity, sedentary behavior, and sleep separately
and together).®”>) Nearly half the publications stated that
their respective studies received financial support.

Fig. 2 shows the adherence to either the age-specific
WHO?® or Canadian guidelines.? Among individuals aged
0-6 years, the weighted averages for guideline adherence
were 18.2% for physical activity, 38.1% for sedentary be-
havior, and 76.2% for sleep. For those aged 12-18 years, the
weighted averages for guideline adherence were 20.4% for
physical activity, 55.9% for sedentary behavior, and 26.2%
for sleep.

Discussion

This multiphase multimethod integrative review aimed
to provide an overview of global trends in movement
behavior guidelines developed for pediatric population
health (phase 1: environmental scan) and discuss the

current status of 24-hour movement behaviors among
Korean children and adolescents (phase 2: rapid review
and phase 3: systematic review). Drawing on the insights
gained from the 3 phases, this review presents the key
priorities and recommendations for shaping future pedi-
atric health promotion initiatives in Korea.

The growing recognition of embracing the integrated
approach of the 24-hour movement behavior paradigm in
pediatric health promotion? has led to the establishment
and adoption of 24-Hour Movement Guidelines in differ-
ent countries®>*3¥ and globally.>® In response, the Korea
Health Promotion Institute and Ministry of Health and
Welfare took proactive measures by releasing a translat
ed report of the WHO guidelines for physical activity and
sedentary behavior®® and the 2024 update of the Physical
Activity Guidelines for Koreans.?) A notable difference
between global and other national guidelines""* is the
sedentary behavior recommendation. Specifically, guide-
lines developed in Korea do not provide specific cutoff
points for sedentary behavior or screen time, potentially
due to their link with the societal emphasis on education,
which often involves prolonged sitting. Moreover, the
absence of contextually relevant literature reflecting
different types (e.g,, active vs. passive) and domains (e.g,
academic vs. nonacademic vs. leisure) of screen time
among Korean children and adolescents might contribute
to this omission.

Continuous surveillance and monitoring efforts of
24-hour movement behaviors in Korea spearheaded by
governmental initiatives are ongoing. Utilizing nation-
wide data sources such as the KYRBS or KNHANES, a
team of researchers, policymakers, practitioners, and
stakeholders have developed biennial Report Cards on
physical activity behaviors and factors of influence since
2016 (except for 2020 due to the COVID-19 pandemic).810
In the synthesis of previous Report Card data in 2016~
2022,%819 both Overall Physical Activity (“D-" to “F”) and
Sedentary Behavior (“D” to “F”) consistently received the
lowest grades. Sleep, measured only for 2022 Report Card,
also received an “F.” Persistently low grades for 24-hour
movement behavior indicators were further emphasized
in an analysis of Report Card grades in Asian countries.??
Compared to the 17 Asian countries that provided Report
Card grades,® Korea consistently stood out for having
lower grades across the 3 Global Matrix rounds for both
Overall Physical Activity and Sedentary Behaviors.

These alarming results were evident in the systematic
review conducted in phase 3 that consistently pointed
out low adherence to guidelines among Korean child-
ren and adolescents, particularly to the physical activity
recommendation for all age groups and the sleep recom-
mendation only for those aged 12-18 years. Although not
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the focus of this review, complex relationships between
24-hour movement behaviors and prevalent contempo-
rary behavioral and health issues have been noted. Spe-
cifically, smartphone use is negatively associated with
physical activity.1¢4359 Problematic smartphone use is a
growing public health concern in South Korea. According
to the 2020 KYRBS data involving those aged 12-18 years,*”
21.2% of boys and 30.0% of girls were at risk of excessive
smartphone use. The COVID-19 pandemic may have
also exacerbated addictive Internet use among Korean
adolescents.”” A 3-year longitudinal study indicated that
as children aged, a reduction in physical activity con-
tributed to increased smartphone dependency, which
was subsequently associated with decreased subjective
well- being.’® This finding indicates that smartphone
use, which serves as a proxy for sedentary behavior, and
physical activity collectively and interdependently influ-
ence the subjective well-being of Korean children and
adolescents.

In the following sections, we present the key priorities
and recommendations derived from the outcomes of
this comprehensive integrative review aimed at guiding
future efforts to promote pediatric health in the context of
health movement behaviors.

1. Priorities for health promotion policy and practice
Advancing assessments of 24-hour movement behavi-
ors in surveillance and monitoring: Regularly assessing
and reporting the prevalence and trends of 24-hour mo-
vement behaviors aligned with established behavioral
recommendations is crucial for informing pediatric health
promotion efforts. While the KYRBS and KNHANES pro-
vide valuable data, certain questionnaire items related to
sedentary behavior deviate from internationally recog:
nized recommendations with 2 significant implications.
The KYRBS includes items that measure sedentary
time, screen-based activities, and chatting with friends.
However, evidence is lacking that sitting while engaging
in in-person social behaviors, such as chatting with
friends, is negatively associated with health outcomes; in
fact, in-person social interactions are linked to improved
health outcomes.’®® Not specifying the type of sedentary
behavior in national surveillance may obscure data and
prevent researchers from accurately identifying sedentary
time that is potentially beneficial (e.g., social interactions)
versus harmful (e.g, recreational screen time) to health.
Second, the KYRBS includes separate questions on Inter-
net and smartphone use. While this aids in capturing
information on different types of screen-based sedentary
behaviors, the lack of a clear distinction between overall
sedentary time questionnaire items (which encompass
time spent in front of a screen and chatting with friends,

Internet use, and smartphone use) may contribute to the
inaccurate reporting of each distinct aspect of sedentary
behavior. Therefore, clarifying and refining these ques-
tionnaire items in future national surveys is essential
to ensuring the accurate and meaningful reporting of
sedentary behaviors and recreational screen time use in
line with established guidelines. Improved surveillance
will help identify atrisk groups needing more targeted
support.

Evaluating the implementation of physical activity and
sedentary behavior in schools and government policies:
Previous Report Card findings indicated that existing
national school and government policies support physical
activity. Despite this, Korean children and adolescents
consistently showed an unfavorable behavioral profile
based on 2 decades of data. Due to the societal emphasis
on educational success, a considerable amount of time
is spent in schools and private institutions. Therefore, it
is important to consider implementing comprehensive
interventions in school environments to encourage ac-
tive lifestyles. This includes enhancing PE programs and
expanding physically active extracurricular activities.
Indeed, the evidence provided in previous Global Ma-
trix data serves as advocacy for the recent increase in
PE hours among elementary and junior high school stu-
dents.>® Therefore, there is a need to evaluate the actual
implementation of these programs and their direct
impact on the health and well-being of children and
adolescents in South Korea.

Building preparedness for future pandemics and na-
tural disasters via healthy 24-hour movement behaviors:
Our results indicate that the COVID-19 pandemic likely
exacerbated the unfavorable behavioral profiles of Ko-
rean children and adolescents (i.e., decreased physical
activity, increased sedentary behavior and screen time,
and inadequate sleep). Furthermore, climate change-in-
duced factors such as air pollution and extreme weather
events are emerging barriers to physical activity since
they interfere with outdoor activities that provide oppor-
tunities for structured (e.g., PE class) or non-structured
(e.g., walking, playing) physical activity while promoting
indoor-based sedentary behavior. To ensure timely and
comprehensive pediatric health promotion efforts, it
is important to establish robust strategies that enable
children and adolescents to engage in healthy 24-hour
movement behaviors, even in challenging circumstances.
For example, developing contingency plans is crucial for
guaranteeing the continuity of physical activity on days
with poor air quality and extreme weather conditions.
In addition, there is a need to integrate health promotion
measures that are flexible and adaptable to ensure effec-
tiveness under diverse challenging scenarios. Further-
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more, resilience-building components through physical
activity can be incorporated into health promotion pro-
grams aimed at equipping children and adolescents with
coping mechanisms and preparing them to navigate
stressors and challenges that may impact their move-
ment behaviors, particularly via physical activity. This
is pertinent given emerging evidence suggesting that
physical activity may offer benefits for both health promo-
tion and climate change mitigation efforts.®®-%? Improved
24-hour movement behaviors will yield Korean children
and adolescents who are more physically fit, which in
turn is associated with enhanced physical and mental
resilience as ammunition against future pandemics and
disaster challenges.®?

2. Recommendations for future research

Enhanced research funding and advocacy for 24-hour
movement behaviors: These systematic review results
indicate that less than half of the research projects se-
cured funding. There is a critical need to pursue funding
support for multifaceted initiatives spanning research,
education, and community-based programs aimed at
promoting healthy lifestyles among children and adole-
scents. This effort is essential for addressing existing
gaps in knowledge and implementation. Moreover, it is
important to engage in the robust advocacy of policies
that prioritize and support pediatric health. This advo-
cacy emphasizes the critical role of healthy movement
behaviors in the holistic well-being of children and adole-
scents. Establishing a comprehensive framework that
aligns financial support, research, and policy develop-
ment will be instrumental in fostering healthy lifestyles
among children and adolescents.

Embracing the 24-hour movement behavior paradigm
in health research: Given that sedentary behavior re-
commendations within the updated Physical Activity
Guidelines for Koreans*’ do not have specific cut-points,
further investigation of the associations between sede-
ntary behavior and varying health outcomes is warranted
to inform future updates of the national guidelines.
Considerations must be made regarding the nuances
within different types of sedentary behaviors (e.g., sitting,
screen-time academic vs. non-academic), different types
of screen-based sedentary behaviors (e.g., academic vs.
non-academic, social media use, TV watching, video-
game playing), and screen-based behaviors performed
while sitting or not sitting. This is particularly relevant,
as the impact on health may vary based on specific be-
haviors, platforms, or contexts, emphasizing the need to
disentangle the effects of screen-based activities from
the broader category of sedentary behavior. For instance,
the health implications of using social media while sit:

ting might differ significantly from those of sitting alone,
requiring nuanced exploration to inform comprehensive
guideline updates.

Considering the role of 24-hour movement behaviors
beyond biomedical emphasis: Recognizing the intricate
interconnections between 24-hour movement behaviors
and diverse health outcomes, it is important to extend
our focus beyond the individual-focused biomedical
emphasis of physical activity. Recent commentaries®®%
on the contextualization of physical activity highlight
the significance of behavioral scientists in transcending
the traditional biomedical approach in research. There is
growing emphasis on investigating the broader societal
implications of physical activity by encompassing its
potential role in addressing pressing social and environ-
mental issues.? This expanded perspective considers
how healthy movement behaviors may contribute to tack
ling challenges such as climate change, mental health
concerns, social isolation, economic inequality, and com-
munity disconnection. Moreover, by aligning with fun-
damental health promotion goals® and fostering healthy
community building, social cohesion, intergenerational
bonding, and sustainability, physical activity emerged as a
multifaceted catalyst for enhancing overall well-being and
fostering resilient communities. Corresponding evidence
for sedentary behavior and sleep is largely lacking and
requires further development.

This integrative review provided a comprehensive over-
view of the 24-hour movement behavior paradigm and
its implications for pediatric health promotion efforts
in Korea as well as the most up-to-date evidence on the
status of 24-hour movement behaviors among Korean
children and adolescents. Nevertheless, it has at least a
few limitations that must be acknowledged. First, our
rapid review exclusively incorporated data derived from
the Global Matrix Initiative. The development of each
round of the Report Card engaged several researchers,
policymakers, practitioners, and stakeholders in a com-
prehensive examination of the available evidence. How-
ever, it is essential to recognize that the process did not
directly involve children and adolescents to capture
their experiences and perspectives regarding various
indicators. The inclusion of children and adolescents in
future research could address this gap by providing valu-
able insights into the evaluation of policy implementation
from their perspectives. Second, despite focusing on
Korean children and adolescents as the target population,
our systematic review did not include articles published
in Korean. This decision on eligibility criteria was made
to align data collection with phase 2 (rapid review). A
brief search using the Korea Information Service System
search engine on January 28 yielded 2 potentially relevant
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articles.®*®” Upon closer examination, it was determined
that the same data were utilized in the research articles.
4652 included in this review. Consequently, articles in
Korean were not included in this systematic review
segment of this study.

To address the contemporary challenges confronting
pediatric health in Korea, there is a compelling need
to adopt the 24-hour movement behavior paradigm
and integrate it into future health promotion efforts for
children and adolescents. This was reinforced by the
launch of the updated Physical Activity Guidelines for
Koreans in 2023, marking a critical milestone in shap-
ing the approach to pediatric health. Combined with the
unfavorable patterns of 24-hour movement behavior
and worsening health outcomes frequently observed
among Korean children and adolescents, it is important
to provide sustained healthy promotion efforts to fos-
ter children and adolescents, encouraging them to in-
corporate consistent and healthy patterns of movement
behaviors into their daily lives. This comprehensive inte-
grative review, based on a thorough evaluation of the
available literature, proposed 3 key priorities for policies
and practices aimed at promoting pediatric health.
Moreover, it postulated 3 recommendations for research
aimed at providing the necessary evidence to build a
healthier future for Korean children and adolescents.
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