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TaggedPAbstract

Background: Grounded in intersectionality theory, this study examined the 6-year prevalence trend and correlates in meeting Canada’s 24-Hour

Movement Guidelines (Guidelines hereafter) in a nationally representative adolescent samples of South Korea (officially the Republic of Korea).

Methods: Self-reported, annually repeated cross-sectional data collected between 2013 and 2018 were used (n = 372,433, 12�17 years old,

47.9% females). Adolescents were categorized as meeting or not meeting different sets of physical activity, screen time (ST), and sleep recom-

mendations within the Guidelines, separately for weekdays and weekend days. Intersectional correlates included sex and social class (i.e., family

economic status, parental education level, and academic performance). Multiple logistic regression analyses were performed.

Results: Overall, the proportion of adolescents meeting physical activity, ST, and sleep recommendations were 5.3%, 60.3%, and 10.2% on

weekdays and 5.3%, 28.2%, and 46.4% on weekend days, respectively. Between 2013 and 2018, no substantial changes were observed for meet-

ing the physical activity or sleep recommendation, while meeting the ST recommendation was markedly lower in 2018. The proportion of meet-

ing all 3 recommendations were 0.5% for weekdays and 0.8% for weekend days. Overall, compared to female adolescents, male adolescents

were consistently associated with more favorable patterns of meeting different sets of recommendations, regardless of social class. Among

females only, social class appeared to be not important or even detrimental in meeting different sets of recommendations. Being male, com-

pounded with social class, was associated with meeting the ST recommendation.

Conclusion: Less than 1% of Korean adolescents met the overall Guidelines. Intersectionality-based analysis and intervention may be important

in promoting healthy active lifestyles among South Korean adolescents.

TaggedPKeywords: Intersectionality theory; Physical activity; Sedentary behavior; Sleep; Social determinants of healthTaggedEnd
TaggedH11. Introduction TaggedEnd

TaggedPThe importance of considering movement behaviors that

occur in a 24-h period for adolescent health is gaining momen-

tum in health promotion research and practice.1�3 This is

because physical activity (PA), sedentary behavior, and sleep

are co-dependent and, together, jointly influence health.4�6 In

support of the 24-h movement behavior approach, Canada has
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released the 24-h Movement Guidelines for Children and

Youth (24-h movement guidelines hereafter).2 The 24-h move-

ment guidelines consist of recommendations for PA (at least

60 min of moderate-to-vigorous PA (MVPA)), recreational

screen time (ST; no more than 2 h), and sleep duration

(9�11 h for those aged 5�13 years; 8�10 h for those aged

14�17 years) over a typical 24-h day.2 TaggedEnd

TaggedPSince the launch of the 24-h movement guidelines, studies

examining the prevalence of adolescents meeting the 24-h

movement guidelines and its associations with health out-

comes have shown consistent findings in different
tersectional correlates of meeting 24-Hour Movement Guidelines among South
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countries.7�10 Specifically, as more of the recommendations

were met, better health outcomes were observed, whereas fail-

ure to meet any of the recommendations was associated with

poor health outcomes.7�10 Also, unfavorable patterns of move-

ment behaviors have been observed in different countries,

regardless of economic development.11 The Global Action

Plan on Physical Activity 2018�2030 by the World Health

Organization suggests that in order to meet the United

Nations’s Sustainable Development Goal 3 (good health and

well-being),12 scaling national action on the promotion of

healthy active behaviors must be prioritized.11,13 To effec-

tively respond to the global health promotion agenda and to

help promote healthy movement behaviors, each country

should closely monitor and report behavioral patterns in order

to strengthen the evidence base. Furthermore, identifying and

addressing factors that contribute to unfavorable movement

behaviors is also important to inform the development of

national-level, “upstream”, population-based policies for

health promotion.13 TaggedEnd

TaggedPIn the context of South Korea (Korea hereafter), insufficient

PA and sleep and high ST have been reported consistently. For

instance, the proportion of meeting all 3 recommendations

within the 24-h movement guidelines was only 1.6% based on

national data.7 Similar to the global trend,11,14 gender has con-

sistently been noted as a major correlate of PA and ST, indicat-

ing that girls show lower PA and higher ST than boys.15�20 In

addition to gender, other social class variables have also been

associated with 24-h movement behaviors.17,21,22 Specifically,

in the Korean context, key social class variables, such as

household income or parental education, have been associated

with healthy behaviors.16,17 Also, among school-aged child

and adolescent populations, academic performance, which is

directly related to university entrance and job opportunities, is

an important factor that determines an individual’s current and

future class.23 It is also well-established that the aforemen-

tioned socioeconomic factors, such as income and parental

education, have a profound impact on academic performance

at school.24 With a strong societal emphasis on education, aca-

demic performance is closely linked with one’s sociodemo-

graphic background. Together, these factors influence

healthful behaviors in Korea.21 TaggedEnd

TaggedPIntersectionality, first coined by Kimberl�e Crenshaw,25 a

leading scholar of critical race theory, provides a theoretical

framework for articulating social power dynamics and struc-

tural forces that are in play in shaping one’s health and health

behavior.26,27 Recognizing that multiple social factors are

inextricably related to one another, it is critical that an individ-

ual’s multiple social memberships be considered simulta-

neously when examining the correlates of health behaviors,

such as meeting the 24-h movement guidelines. However, a

majority of previous literature based on large-scale, popula-

tion-based surveys has investigated social factors as a single,

distinct phenomenon rather than considering the intricacies of

multiple social factors that are entangled and co-influence

one’s experiences. For example, to tease out the impact of gen-

der on PA participation, previous research has predominantly

investigated gender inequalities in relation to meeting the
MVPA recommendations, after controlling for income and

education.17,28 However, this approach largely ignores the

reality that an individual’s identity and experiences cannot be

explained with single-axis thinking (e.g., analyzing gender

alone) because every individual’s social position involves a

combination of multiple, intertwined factors (e.g., a female

with wealthy, educated parents). TaggedEnd

TaggedPTo our knowledge, the only study to have examined how

racial identity, gender, class, and sexuality intersect to predict

leisure time PA involved a survey of 149,574 Canadian

adults.29 The researchers found that participation in leisure

time PA varied across individuals at different intersections of

social categories. For example, income strongly predicted lei-

sure time PA among men of color, but not among women of

color, while women with a non-heterosexual orientation were

more likely to participate in leisure time PA than their women

counterparts with a heterosexual orientation.29 Using the evi-

dence from the Canadian study,29 and given the unfavorable

behavioral patterns observed among Korean adolescents over

the years,18,20 it is important to investigate correlates of health

behaviors among younger Koreans to inform the development

of future intervention strategies. Therefore, the purpose of our

study, which is grounded in intersectionality theory,25 was to

examine the 6-year trend (from 2013 to 2018) and intersec-

tional correlates of meeting the 24-h movement guidelines in a

nationally representative sample of Korean adolescents. Spe-

cifically, we examined whether intersections between sex and

other social class characteristics are associated with

meeting different combinations of the 24-h movement guide-

lines. Also, separate analyses were done for weekdays and

weekend days because of well-known discrepancies in health

behaviors across the days of the week in this population

group.7 TaggedEnd

TaggedH12. Methods TaggedEnd

TaggedH22.1. Study participants TaggedEnd

TaggedPThe Korea Youth Risk Behavior Web-Based Survey

(KYRBS) is an ongoing cross-sectional survey conducted

jointly by the Korea Centers for Disease Control and Preven-

tion, the Ministry of Health and Welfare, and the Ministry of

Education since 2005.30,31 The KYRBS was designed to moni-

tor health and health behaviors among adolescents (aged

12�18 years) in 15 different subcategories (e.g., smoking,

drinking, PA, dietary habits, weight control). In our study,

only data from 2013 to 2018 were used, based on the availabil-

ity of continuous key behavioral variables. In each year from

2013 to 2018, approximately 70,000 adolescents from 800

middle schools and high schools were recruited for the

KYRBS. In order to be consistent with the age groups included

in the 24-h movement guidelines, of the 400,382 students who

participated in the KYRBS survey (overall response rate

96.4%), only those aged 12�17 years were included in our

analysis (n = 372,433).2TaggedEnd

TaggedPIndividual schools and teachers provided informed written

consent, and participating students and their parents were

asked to provide passive consent whereby if they did not wish
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to participate, they had to verbally notify a teacher who con-

ducted the survey.31 All participating students were assured

anonymity and were randomly assigned to computers to com-

plete the questionnaire at their school. The KYRBS survey

protocol was approved by the Korea Centers for Disease Con-

trol and Prevention Institutional Review Board annually up to

2014. Institutional review board approval from 2015 was not

required based on the Population Health Promotion Act 19

(approval number 117058). A more detailed description of the

KYRBS survey methodology can be found elsewhere.30,31 TaggedEnd
TaggedH22.2. MeasuresTaggedEnd

TaggedP2.2.1. PA TaggedEnd

TaggedPPA was self-reported by participating adolescents using 1

item. Adolescents reported the number of days they engaged

in MVPA for �60 min/day during the previous 7 days, includ-

ing 2 weekend days. Based on the 24-h movement guidelines,2

adolescents were categorized into meeting or not meeting the

�60 min/day MVPA recommendation. TaggedEnd

TaggedP2.2.2. Recreational sedentary-based ST TaggedEnd

TaggedPST was self-reported by participating adolescents using 2

items. Adolescents reported the average hours and minutes

spent in recreational ST for typical weekdays and weekend

days separately. Based on the 24-h movement guidelines,2

adolescents were categorized into meeting or not meeting the

�2 h/day recommendation. TaggedEnd

TaggedP2.2.3. Sleep duration TaggedEnd

TaggedPSleep duration was self-reported by participating adoles-

cents using 8 items. Participants reported the typical bed time

and wake-up time, separately for weekdays and weekend days.

Based on the 24-h movement guidelines,2 adolescents were

categorized into meeting and not meeting the sleep recommen-

dation of 9�11 h for 5- to 13-year-olds and 8�10 h for 14- to

17-year-olds. TaggedEnd

TaggedP2.2.4. Intersectional correlates TaggedEnd

TaggedPSex (male/female), family economic status, maternal and

paternal educational levels, and perceived academic perfor-

mance were used as potential intersectional correlates.

These variables have previously been reported individually as

key correlates of movement behaviors among Korean

adolescents.17,18,20,21 Family economic status, maternal and

paternal educational levels, and perceived academic perfor-

mance were used to indicate social class. Family economic sta-

tus and perceived academic performance were collected using

a 5-point Likert scale (i.e., from low, low-middle, middle, mid-

dle-high, to high), which were then categorized for statistical

purposes into 3 groups: low (low and low-middle), middle,

and high (middle-high and high). Paternal and maternal educa-

tion levels (�middle school graduate, high school graduate, or

�post-secondary graduate) were collected. The responses

were categorized into 2 groups: post-secondary graduate or

higher (college and university graduate) and less than a post-

secondary graduate (middle and/or high school graduate).
Although race/ethnicity is a common variable used, our study

did not include these variables because Korea in general is

racially and ethnically homogenous (100% Asian and 99% of

Korean descent).32 Our data also showed that more than 99%

of adolescents had parents with Korean descent. TaggedEnd

TaggedP2.2.5. Common covariates TaggedEnd

TaggedPAge and body mass index (BMI) were included as common

covariates. These were collected by asking participants to

report their chronological age (in years), height (cm), and

weight (kg). Self-reported height and weight were used to cal-

culate body mass index (weight/height (kg/m2)) scores for

each participant. TaggedEnd
TaggedH22.3. Statistical analysis TaggedEnd

TaggedPSample characteristics were described in the total sample

(2013�2018) and stratified by sex either in means and §SD or

percentages. Meeting individual recommendations and specific

combinations (MVPA+ ST, MVPA+ sleep, and ST + sleep) and

general combinations (none, 1, 2, and all 3) of the 24-h move-

ment guidelines were described for weekdays and weekend days.

Notably, MVPA was the only variable that was collected without

the weekday�weekend distinction; therefore, the weekly average

data were used for weekday�weekend stratified analyses. This

methodological decision was made based on the availability of

weekday�weekend data for ST and sleep and given the well-

known differences in these behaviors by the days of the week in

this population group.7,33 Examining potential correlates of 24-h

movement behaviors stratified by days of the week could better

inform future intervention strategies by providing more detailed

data on factors that potentially influence daily behavioral compo-

sitions on weekdays and weekend days, separately.TaggedEnd

TaggedPBy taking intersectional approaches,25,29 associations

between sex, compounded with another social class variable

(i.e., family economic status, maternal or paternal education

level, academic performance),21,28 and meeting the individual

and specific combinations of the 24-h movement guidelines

were tested using multiple logistic regression models. All anal-

yses were controlled for age, BMI, year (to control for any

period effect), and behaviors other than a respective dependent

variable and were adjusted for year-specific sampling weight.

Results were presented using odds ratios and 95% confidence

intervals. The significant alpha level was set at a p value of

less than 0.001 a priori. All statistical analyses were performed

using Stata Version 14.0 software (Stata Corp., College Sta-

tion, TX, USA). TaggedEnd
TaggedH13. Results TaggedEnd

TaggedPAmong 372,433 participants, adolescents with incomplete

data on key variables were excluded, leaving a total of 311,891

participants for the weekday data and 322,965 participants for

the weekend day data. Sample characteristics are described in

Table 1. On average, Korean adolescents engaged in 3.0 §
2.1 days of MVPA for �60 min/week, 185.0 § 133.4 min of

recreational ST, and 7.0 § 1.3 h of sleep daily. TaggedEnd
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Sample characteristics of adolescents (aged 12�17 years)—Korea Youth Risk

Behavior web-based Surveys, 2013�2018 (n = 372,433).

Characteristics Overall Girls Boys

Sex � 47.9 52.1

Age (year) 14.83 §1.59 14.82 § 1.60 14.83 § 1.59

Height (cm) 165.07 § 8.50 159.95 § 5.39 169.79 § 8.10

Weight (kg) 57.30 § 11.80 52.62 § 8.30 61.62 § 12.85

Body mass index (kg/m2) 20.91 § 3.25 20.53 § 2.81 21.26 § 3.58

Age

12 years 8.3 8.4 8.2

13 years 16.8 16.7 16.8

14 years 17.5 17.5 17.7

15 years 18.4 18.5 18.4

16 years 19.2 19.2 19.2

17 years 19.8 19.7 19.7

Family economic status

Low 16.1 16.4 15.7

Middle 46.8 49.5 44.4

High 37.1 34.1 39.9

Father’s education level

<Post-secondary graduate 37.0 37.8 36.4

�Post-secondary graduate 63.0 62.2 63.6

Mother’s education level

<Post-secondary graduate 45.1 47.0 43.3

�Post-secondary graduate 54.9 53.0 56.7

Academic performance

Low 34.0 33.9 34.2

Middle 28.2 29.2 27.3

High 37.8 36.9 38.5

Note: Data are presented as mean § SD or percentage.

TaggedEndTable 2

Prevalence of meeting the Canadian 24-Hour Movement Guidelines for Chil-

dren and Youth for weekdays and weekend days—Korea Youth Risk Behavior

web-based Surveys, 2013�2018.

Weekdays

(n = 311,891)

Weekends

(n = 322,965)

Individual recommendation

Meeting PA recommendation 5.3 5.3

Meeting ST recommendation 60.3 28.2

Meeting sleep recommendation 10.2 46.4

Specific combinations

Meeting PA + ST recommendations 3.4 1.9

Meeting PA + sleep recommendations 0.8 2.4

Meeting ST + sleep recommendations 5.9 12.4

General combinations

Meeting no recommendations 33.9 35.8

Meeting any 1 recommendation 57.1 49.2

Meeting any 2 recommendations 8.5 14.2

Meeting all 3 recommendations 0.5 0.8

Note: Data are presented as percentage.

Abbreviations: PA = physical activity; ST = screen time.
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TaggedPThe aggregated prevalence of meeting the different combi-

nations of the 24-h movement guidelines are described in

Table 2. Briefly, 5.3% met the MVPA recommendation across

the week. The prevalence of meeting the ST recommendation

during weekdays was more than twice as high (60.3%) as on

weekend days (28.2%). Conversely, meeting the sleep recom-

mendation during weekdays was about 5 times lower (10.2%)

than for weekend days (46.4%). Regardless of the days of the

week, meeting all 3 recommendations was consistently low

(0.5% for weekdays and 0.8% for weekends), while meeting

no recommendations was consistently high (33.9%�35.8%).TaggedEnd

TaggedPFig. 1 depicts the 6-year prevalence trend of meeting PA,

ST, or sleep recommendations within the 24-h movement

guidelines by weekdays and weekend days. Overall, the pro-

portion of meeting the ST recommendation on weekdays was

consistently higher (up to 63.4%) than that of the other recom-

mendations; however, declining patterns were observed in

2017 (60.5%) and 2018 (49.7%) compared to the previous

years. Specifically, fewer than 30% of adolescents met the ST

recommendation on weekend days, with a 5% decrease

between 2017 and 2018. Meeting the sleep recommendation

was relatively consistent in 2017�2018, with a marked differ-

ence between weekdays (9.9%�10.3%) and weekends

(44.6%�45.0%). Prevalence of meeting the MVPA recom-

mendation was consistently low (»5%) for the 6-year period

irrespective of the days of the week.TaggedEnd

TaggedPThe prevalence of meeting the specific combinations of the

24-h movement guidelines between 2013 and 2018 are
described in Fig. 2. In general, meeting a specific combination

of 2 recommendations was low. The highest prevalence was

observed with meeting the ST and sleep recommendations

(9.9%�13.1% for weekend days and 4.9%�6.9% for week-

days). Across the week, meeting the PA and ST recommenda-

tions ranged between 1.5% and 3.8%, and meeting the PA and

sleep recommendations ranged between 0.7% and 2.6%. TaggedEnd

TaggedPWhen meeting general combinations of the 24-h movement

guidelines were considered, more adolescents met at least 1

recommendation during weekdays compared to weekend days

(Fig. 3). Specifically, prevalence of meeting the general com-

binations of the guidelines lowered as the number of recom-

mendations considered increased. In particular, the prevalence

of meeting all 3 recommendations was less than 1% over the

6-year period, regardless of the days of the week. Also, meet-

ing none of the recommendations showed a stable trend

between 2013 and 2017 but increased markedly in the most

recent year (2018) of data, and the increase was most notice-

able for weekend days (33.9% in 2017 to 42.8% in 2018). TaggedEnd

TaggedPIntersectional correlates of meeting the individual recom-

mendations are described in Table 3. For both weekdays and

weekend days, being male was consistently associated with

meeting the MVPA recommendation, regardless of social class

variables (Models 1A�4A and 1D�4D). In addition, being

female, compounded with having a mother with a post-second-

ary education (Model 3A), was associated with meeting the

MVPA recommendation on weekdays compared to their

female counterparts who had a less-educated mother. In con-

trast, females with middle or high academic performance were

less likely to meet the MVPA recommendation compared to

their female counterparts with low economic status or low aca-

demic performance. Unlike PA, being in a higher social class

was consistently associated with meeting the ST recommenda-

tion universally in both sexes. Specifically, both female and

male adolescents with higher social class were more likely to

meet the ST recommendation compared to females with the



TaggedFigure

Fig. 1. The 6-year prevalence trend (%) of meeting individual recommendations of the Canadian 24-Hour Movement Guidelines for Children and Youth for week-

days and weekend days—Korea Youth Risk Behavior web-based Surveys, 2013�2018. PA= physical activity; SLP = sleep; ST = screen time. TaggedEnd

TaggedEndTrends and correlates of 24-hour movement behaviors 259
lowest social class (Models 1B�4B and 1E�4E). Compared to

females in the lowest social class categories, males, irrespec-

tive of social class, were associated with meeting the sleep rec-

ommendation (Models 1C�4C and 1F�4F). However, among

TaggedFigure

Fig. 2. The 6-year prevalence trend (%) of meeting specific combinations of the recom

Youth for weekdays and weekend days—Korea Youth Risk Behavior Web-Based Surv
females, higher social class was inversely associated with

meeting the sleep recommendation, and this association was

more apparent during weekdays (Models 1C�4C) than during

weekend days (Models 1F�4F).TaggedEnd
mendations within the Canadian 24-Hour Movement Guidelines for Children and

eys, 2013�2018. PA = physical activity; SLP = sleep; ST = screen time.TaggedEnd
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Fig. 3. The 6-year prevalence trend (%) of meeting general combinations of the recommendations within the Canadian 24-Hour Movement Guidelines for Children

and Youth for weekdays and weekend days—Korea Youth Risk Behavior web-based Surveys, 2013�2018. PA = physical activity; SLP = sleep; ST = screen time.TaggedEnd

TaggedEndTable 3

A total of 24 independent regression models on the associations between intersectional correlates and meeting individual recommendations of the Canadian 24-Hour

Movement Guidelines for Children and Youth by weekdays and weekend days—Korea Youth Risk Behavior web-based Surveys, 2013�2018.

Weekdays (n = 311,891) Weekends (n = 322,965)

Intersectional correlates PA ST Sleep PA ST Sleep

Model A Model B Model C Model D Model E Model F

Model 1: Family economic status

Female + low 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Female + middle 0.81 (0.73�0.89)* 1.17 (1.14�1.21)* 0.90 (0.84�0.96)* 0.81 (0.73�0.89)* 1.05 (1.02�1.09)* 1.08 (1.04�1.11)*

Female + high 0.93 (0.84�1.03) 1.48 (1.43�1.53)* 0.77 (0.72�0.82)* 0.91 (0.82�1.01) 1.32 (1.27�1.37)* 0.96 (0.93�1.00)

Male + low 3.02 (2.73�3.33)* 1.11 (1.06�1.15)* 2.10 (1.96�2.26)* 3.06 (2.78�3.38)* 1.00 (0.95�1.04) 1.13 (1.09�1.17)*

Male + middle 2.74 (2.51�3.00)* 1.41 (1.36�1.45)* 2.21 (2.08�2.35)* 2.85 (2.60�3.11)* 1.14 (1.10�1.19)* 1.18 (1.15�1.22)*

Male + high 3.49 (3.19�3.81)* 1.71 (1.65�1.76)* 2.07 (1.94�2.20)* 3.53 (3.23�3.86)* 1.52 (1.46�1.57)* 1.08 (1.05�1.12)*

Model 2: Father’s education

Female +< post-secondary 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Female +� post-secondary 0.98 (0.90�1.06) 1.24 (1.21�1.27)* 0.65 (0.61�0.68)* 0.96 (0.88�1.04) 1.25 (1.21�1.28)* 0.87 (0.84�0.89)*

Male +< post-secondary 3.60 (3.33�3.88)* 1.17 (1.14�1.21)* 2.29 (2.18�2.41)* 3.68 (3.42�3.96)* 1.08 (1.05�1.12)* 1.13 (1.09�1.16)*

Male +� post-secondary 3.53 (3.28�3.79)* 1.48 (1.44�1.52)* 1.82 (1.74�1.91)* 3.51 (3.27�3.77)* 1.46 (1.42�1.50)* 0.97 (0.95�1.00)

Model 3: Mother’s education

Female +< post-secondary 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Female +� post-secondary 1.11 (1.02�1.20)* 1.25 (1.22�1.28)* 0.69 (0.66�0.73)* 1.09 (1.00�1.17) 1.29 (1.25�1.32)* 0.88 (0.86�0.90)*

Male +< post-secondary 3.73 (3.48�3.99)* 1.20 (1.17�1.23)* 2.31 (2.21�2.42)* 3.81 (3.56�4.07)* 1.11 (1.08�1.14)* 1.12 (1.09�1.15)*

Male +� post-secondary 3.90 (3.65�4.17)* 1.47 (1.44�1.51)* 1.95 (1.87�2.04)* 3.91 (3.66�4.17)* 1.50 (1.46�1.54)* 0.99 (0.97�1.02)

Model 4: Academic performance

Female + low 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Female + middle 0.70 (0.64�0.76)* 1.36 (1.32�1.40)* 0.79 (0.75�0.84)* 0.70 (0.64�0.76)* 1.06 (1.03�1.10)* 1.01 (0.98�1.04)

Female + high 0.67 (0.62�0.73)* 1.74 (1.70�1.79)* 0.65 (0.61�0.68)* 0.69 (0.63�0.74)* 1.17 (1.14�1.20)* 0.95 (0.92�0.97)*

Male + low 3.10 (2.90�3.31)* 1.17 (1.14�1.20)* 2.24 (2.14�2.34)* 3.21 (3.01�3.42)* 1.03 (1.00�1.06) 1.07 (1.04�1.10)*

Male + middle 2.55 (2.39�2.73)* 1.59 (1.54�1.64)* 2.10 (2.00�2.20)* 2.64 (2.47�2.83)* 1.15 (1.11�1.19)* 1.12 (1.09�1.15)*

Male + high 2.60 (2.44�2.78)* 2.05 (2.00�2.11)* 1.69 (1.62�1.77)* 2.70 (2.54�2.88)* 1.41 (1.37�1.45)* 1.07 (1.05�1.10)*

Notes: All analyses were controlled for age, body mass index, survey year, and behaviors other than the main dependent variable in each model (e.g., covariates

were age, body mass index, survey year, ST, and sleep when the model was for PA). Data are presented as odds ratio (95% confidence interval).

* p < 0.001.

Abbreviations: PA = physical activity; ST = screen time.
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TaggedPIntersectional correlates of meeting the specific combina-

tions of the recommendations within the 24-h movement

guidelines are described in Table 4. Overall, compared to

females in each of the lowest social class memberships, male
TaggedEndTable 4

Associations between intersectional correlates and meeting the specific combinatio

lines for Children and Youth by weekdays and weekend days—Korea Youth Risk B

Intersectional correlates PA + ST PA +

Model A Mode

Weekdays (n = 311,891)

Model 1: Family economic status

Female + low 1.00 (ref) 1.00 (

Female + middle 0.87 (0.76�0.98) 0.99 (

Female + high 1.10 (0.97�1.25) 1.13 (

Male + low 3.21 (2.82�3.64)* 6.63 (

Male + middle 3.08 (2.74�3.46)* 6.22 (

Male + high 4.11 (3.66�4.61)* 7.67 (

Model 2: Father’s education

Female +< postsecondary 1.00 (ref) 1.00 (

Female +� postsecondary 1.13 (1.01�1.25)* 0.72 (

Male +< postsecondary 3.77 (3.42�4.16)* 6.04 (

Male +� postsecondary 4.08 (3.72�4.47)* 5.40 (

Model 3: Mother’s education

Female +< postsecondary 1.00 (ref) 1.00 (

Female +� postsecondary 1.29 (1.17�1.43)* 0.87 (

Male +< postsecondary 4.07 (3.73�4.45)* 6.36 (

Male +� postsecondary 4.46 (4.10�4.86)* 6.22 (

Model 4: Academic performance

Female + low 1.00 (ref) 1.00 (

Female + middle 0.81 (0.72�0.91)* 0.68 (

Female + high 0.84 (0.76�0.93)* 0.59 (

Male + low 3.30 (3.03�3.60)* 5.90 (

Male + middle 2.99 (2.74�3.27)* 4.86 (

Male + high 3.27 (3.01�3.55)* 4.07 (

Weekend days (n = 322,965)

Model 5: Family economic status

Female + low 1.00 (ref) 1.00 (

Female + middle 0.85 (0.71�1.01) 0.88 (

Female + high 1.09 (0.92�1.30) 0.96 (

Male + low 3.11 (2.62�3.69)* 3.39 (

Male + middle 2.91 (2.49�3.40)* 3.44 (

Male + high 4.33 (3.72�5.05)* 3.94 (

Model 6: Father’s education

Female +< postsecondary 1.00 (ref) 1.00 (

Female +� postsecondary 1.08 (0.94�1.25) 0.96 (

Male +< postsecondary 3.59 (3.15�4.09)* 4.19 (

Male +� postsecondary 4.10 (3.62�4.63)* 3.74 (

Model 7: Mother’s education

Female +< postsecondary 1.00 (ref) 1.00 (

Female +� postsecondary 1.32 (1.15�1.50)* 1.01 (

Male +< postsecondary 4.05 (3.59�4.56)* 4.03 (

Male +� postsecondary 4.79 (4.27�5.37)* 4.03 (

Model 8: Academic performance

Female + low 1.00 (ref) 1.00 (

Female + middle 0.76 (0.66�0.89)* 0.70 (

Female + high 0.70 (0.61�0.81)* 0.74 (

Male + low 3.12 (2.79�3.48)* 3.48 (

Male + middle 2.68 (2.39�3.01)* 3.06 (

Male + high 3.11 (2.79�3.46)* 3.02 (

Notes: All analyses were controlled for age, body mass index, survey year, and be

were age, body mass index, survey year, ST and sleep when the model was for PA).

* p < 0.001.

Abbreviations: PA = physical activity; ST = screen time.
sex, regardless of social class, was associated with meeting all

3 recommendations of the 24-h movement guidelines (Models

1D�8D). Similar patterns were observed for meeting specific

and general combinations of 24-h movement behavior
ns or all of recommendations within the Canadian 24-Hour Movement Guide-

ehavior web-based Surveys, 2013�2018 (n = 372,433).

Sleep ST + Sleep All

l B Model C Model D

ref) 1.00 (ref) 1.00 (ref)

0.71�1.40) 0.92 (0.85�1.01) 1.21 (0.78�1.88)

0.80�1.60) 0.84 (0.77�0.93)* 1.60 (1.02�2.50)*

4.57�8.76)* 2.03 (1.85�2.23)* 7.41 (4.85�11.33)*

4.58�8.45)* 2.38 (2.19�2.58)* 6.97 (4.66�10.44)*

5.65�10.42)* 2.35 (2.16�2.55)* 8.98 (6.01�13.43)*

ref) 1.00 (ref) 1.00 (ref)

0.55�0.95)* 0.70 (0.65�0.75)* 0.85 (0.61�1.17)

4.85�7.52)* 2.43 (2.28�2.60)* 5.83 (4.44�7.66)*

4.36�6.69)* 2.04 (1.92�2.17)* 5.50 (4.22�7.16)*

ref) 1.00 (ref) 1.00 (ref)

0.67�1.14) 0.75 (0.70�0.80)* 1.09 (0.80�1.50)

5.19�7.79)* 2.43 (2.29�2.58)* 6.38 (4.95�8.22)*

5.10�7.59)* 2.18 (2.06�2.31)* 6.66 (5.20�8.54)*

ref) 1.00 (ref) 1.00 (ref)

0.51�0.90)* 0.84 (0.78�0.91)* 0.75 (0.53�1.06)

0.45�0.77)* 0.78 (0.72�0.83)* 0.73 (0.53�1.01)

4.86�7.18)* 2.28 (2.14�2.42)* 5.52 (4.30�7.07)*

3.97�5.94)* 2.40 (2.25�2.55)* 5.06 (3.93�6.52)*

3.34�4.97)* 2.05 (1.93�2.18)* 4.30 (3.36�5.51)*

ref) 1.00 (ref) 1.00 (ref)

0.75�1.02) 1.11 (1.05�1.16)* 0.93 (0.71�1.21)

0.82�1.13) 1.16 (1.10�1.23)* 1.14 (0.87�1.50)

2.91�3.95)* 1.10 (1.04�1.17) 3.27 (2.48�4.29)*

3.00�3.96)* 1.27 (1.21�1.34)* 3.44 (2.69�4.41)*

3.42�4.52)* 1.46 (1.39�1.54)* 5.00 (3.91�6.39)*

ref) 1.00 (ref) 1.00 (ref)

0.85�1.09) 1.05 (1.01�1.09)* 1.14 (0.92�1.41)

3.75�4.68)* 1.15 (1.10�1.20)* 4.19 (3.44�5.11)*

3.37�4.17)* 1.32 (1.27�1.37)* 4.52 (3.75�5.44)*

ref) 1.00 (ref) 1.00 (ref)

0.90�1.14) 1.08 (1.04�1.12)* 1.07 (0.88�1.31)

3.65�4.46)* 1.17 (1.13�1.22)* 4.15 (3.49�4.93)*

3.66�4.44)* 1.35 (1.30�1.40)* 4.46 (3.78�5.26)*

ref) 1.00 (ref) 1.00 (ref)

0.61�0.80)* 1.04 (0.99�1.08) 0.77 (0.62�0.97)*

0.65�0.83)* 1.01 (0.97�1.05) 0.67 (0.54�0.83)*

3.16�3.83)* 1.09 (1.04�1.13)* 3.28 (2.78�3.88)*

2.76�3.38)* 1.21 (1.16�1.27)* 3.01 (2.53�3.57)*

2.74�3.32)* 1.30 (1.25�1.35)* 3.31 (2.82�3.90)*

haviors other than the main dependent variable in each model (e.g., covariates

Data are presented as odds ratio (95% confidence interval).
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recommendations (Models 1A�8A, Models 1B�8B, and

Models 1C�8C). Similar to the intersectional analyses of the

correlates of meeting individual recommendations, the direc-

tion and strength of the associations were less consistent

among female adolescents. Specifically, females with high

family economic status were more likely to meet all 3 recom-

mendations compared to those with low economic status

(Model 1D). In addition, during weekdays, female adolescents

with educated parents were more likely to meet PA and ST

recommendations compared to their female counterparts with

parents without post-secondary education (Models 2A�3A).

During weekend days, being female, compounded with higher

economic status (Model 5C) and educated parents (Models

6C�7C), was associated with meeting ST and sleep recom-

mendations. Also, being female, compounded with having a

mother with a post-secondary education, was associated with

meeting PA and ST recommendations compared to their same

sex counterparts who had a mother without a post-secondary

education (Model 7A).TaggedEnd
TaggedH14. Discussion TaggedEnd

TaggedPThis study describes the 6-year prevalence trend and inter-

sectional correlates of meeting the 24-h movement guide-

lines34 among 372,433 Korean adolescents aged 13�17 years.

Between 2013 and 2018, the prevalence of meeting all 3 rec-

ommendations remained consistently low, while meeting none

of the recommendations increased markedly from 2016 (31%)

to 2018 (43%). Overall, fewer than 1% of adolescents met all

3 recommendations consistently over the 6-year period. In

general, being male was more associated with meeting overall

or any combination of recommendations within 24-h move-

ment guidelines than being female, regardless of social class

(i.e., economic status, parental education, and academic per-

formance). Some dose�response patterns were observed,

especially among male adolescents when compounded with

social class and meeting the ST recommendation. Among

female adolescents, higher social class appears to play an

important role in meeting the ST recommendation; however,

social class was shown to be less important or, in some instan-

ces, detrimental to meeting the PA or sleep recommendations. TaggedEnd

TaggedPOverall, only 5.3% of adolescents met the MVPA recom-

mendation consistently over the 6-year period, which is largely

consistent with previous studies in Korea (older studies ranged

from 4.9% to 5.9%).7,16,18,20 This indicates that insufficient

PA among Korean adolescents not only exists but persists. The

prevalence of meeting the sleep recommendation during

weekend days (45%�48%) was higher than weekdays

(10%�11%) over the 6-year period, which also supports

previous results pertaining to Korean adolescents.33,35

Owing to academic workloads, sleep deprivation and week-

end catch-up sleep have been commonly reported among

Korean adolescents.33,36,37 Historically deeply rooted in

Confucianism, Korean society puts a strong emphasis on edu-

cation, and the college entrance examination determines one’s

social class and success. Therefore, tremendous academic

pressure is put on as early as the elementary school years.37
Moreover, most Korean adolescents attend private “cram”

schools after school hours, which in turn contributes to a lack

of discretionary time when they can engage in varying leisure

activities.38 In addition to academic pressure, an increasing

prevalence of Internet addiction, a rising concern in the mod-

ern Korean society, is also reported to be a contributor to

irregular or inadequate sleep hours.36TaggedEnd

TaggedPThe 6-year overall prevalence of meeting the ST recom-

mendation was twice as high during weekdays (60%) as it was

during weekend days (28%), with a steep decrease in meeting

the ST recommendation in 2018 (60% in 2017 vs. 50% in

2018 during weekdays). The reversal in the trend of meeting

sleep and ST recommendations during weekdays and week-

ends may suggest that Korean adolescents replace ST with

sleep during weekends, while sleep gets replaced with ST dur-

ing weekdays. Utilizing compositional analysis, time use epi-

demiologists have recently found that ST should be replaced

with PA for health benefits among young people.39,40 There-

fore, discouraging ST while encouraging PA throughout the

week, particularly during weekend days, could potentially

reverse the replacement patterns between ST and sleep shown

among Korean adolescents. TaggedEnd

TaggedPReplacement patterns between ST and sleep are also appar-

ent with meeting the specific and general combinations of 24-h

movement guidelines. The 6-year aggregated prevalence of

meeting any pair of recommendations was, in general, low,

with meeting PA and sleep recommendation during weekdays

being the lowest (0.8%). Furthermore, the prevalence of meet-

ing all 3 recommendations was less than 1%, while more than

33% of adolescents met none of the recommendations, regard-

less of the days of the week. This indicates that 24-h behav-

ioral patterns among Korean adolescents are concerning.

Overall, the prevalence of meeting specific combinations of

24-h movement guidelines was lower in 2018 than in 2013 (as

shown in Fig. 2). For instance, the most marked decrease

between 2013 and 2018 was observed in meeting ST and sleep

recommendations, particularly during weekend days. When

meeting general combinations was considered, the 6-year trend

from 2013 to 2018 (as shown in Fig. 3) suggests that as meet-

ing none of the recommendations increases, meeting 1 recom-

mendation decreases on weekdays. Given this observation,

encouraging adolescents who meet none of the recommen-

dations to meet at least 1 of the recommendations may be

a good strategy to alleviate this adverse trend. For adoles-

cents who do not meet any of the recommendations, aiming

to meet at least 1 recommendation may be deemed to be

more achievable than meeting all 3 recommendations at

once. In addition, from the perspective of time use epide-

miology,40 spending more time in 1 behavior (e.g., ST)

likely takes a similar amount of time away from another

behavior (e.g., sleep) within a 24-h day period. Given the

replacement patterns between ST and sleep during week-

days and weekend days observed in our study, as well as

the well-known weekend catch-up sleep patterns among

Korean adolescents,41 future strategies may target discour-

aging ST during weekdays because such effort may natu-

rally lead to increasing sleep duration. TaggedEnd
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TaggedPAn intersectional analysis of the correlates related to meet-

ing individual recommendations, and to meeting different

combinations of them (or meeting all of them), suggests

that male adolescents, regardless of social class, are more

likely to engage in sufficient levels of 24-h movement behav-

iors, which supports previous findings regarding Korean

adolescents.16�18,20 When meeting individual recommenda-

tions was considered, social class, family economic status, and

father’s education all played a positive role in meeting the ST

recommendation in both female and male adolescents. How-

ever, the role of social class in meeting the PA and sleep rec-

ommendations appears to work differently across the sexes.

Specifically, social class was not as important among male

adolescents (strengths of associations were similar across the

social class strata). In contrast, except for mother’s education,

a detrimental role of social class was observed among females

in meeting the overall 24-h movement guidelines, in meeting

the sleep recommendation, and in meeting a combination of

recommendations that included sleep. Having a mother with a

post-secondary education appears to encourage female adoles-

cents to meet PA and ST recommendations, individually and

together; however, having an educated mother also appears to

simultaneously deter female adolescents from meeting the

sleep recommendation or meeting the ST and sleep recommen-

dations. This result is consistent with previous findings

that have reported that mothers have more pronounced influ-

ence on their daughters’ PA and ST.42,43 Evidence on sleep is

lacking; however, some studies indicate that correlates of

sleep/wake patterns may be largely age specific.44 For

instance, parental control is more important for younger chil-

dren,45 while for adolescents, school-related sleep restriction

becomes more influential in establishing sleep patterns.46 Per-

haps the positive role that having an educated mother wields

on female adolescents’ healthy sleep behavior may be over-

shadowed by academic pressure; however, more research is

needed to confirm this explanation. To encourage female ado-

lescents to get more PA, less ST, and adequate sleep, the moth-

er’s role appears to be important in developing healthy 24-h

movement behaviors among daughters.TaggedEnd

TaggedPWith 2 notable exceptions, the role of social class in meet-

ing the 24-h movement guidelines among female adolescents

was less influential when meeting specific combinations of rec-

ommendations. First, family economic status was not impor-

tant in, or was even detrimental to, meeting individual

recommendations or specific combinations of them; but when

meeting all 3 recommendations was considered, females with

high family economic status exhibited better compliance dur-

ing weekdays only. Such mixed roles of family economic sta-

tus on meeting the 24-h movement guidelines among female

adolescents should be further investigated in future studies.

Second, academic performance appears to generally work

against meeting all recommendations or specific combinations

of them among female adolescents, except for meeting the ST

recommendation. One possible explanation for this finding

relates to how gender expectations are shaped in Korean soci-

ety. Specifically, “coming from a good family” (a middle-

upper class family with educated parents) is considered ideal
in Korea. However, unique characteristics associated with

being a female from an “ideal” family, which include having

good school grades and “behaving like a woman”.15 This

explanation was also reflected in a previous study reporting on

the preferred leisure activities among adolescents in Korea,

Japan, and China.38 The study indicated that, compared to

males, female adolescents preferred passive forms of leisure

(e.g., listening to music, watching television) rather than active

forms of leisure (e.g., sport, PA), and that this gender differ-

ence was most apparent among Korean adolescents.38 Societal

gender expectations attached to female adolescents, combined

with academic pressure, may continue to worsen sex dispar-

ities in meeting the 24-h movement guidelines among Korean

adolescents, as has been reported in previous studies.15,17,21TaggedEnd

TaggedPOur study has several strengths. First, we used 6 conse-

cutive years of data from a large sample of Korean adoles-

cents while incorporating sex- and gender-based analysis.47

Also, our study was grounded in intersectionality theory,25

which recent health literature has highlighted its impor-

tance and applicability in quantitative research.26,48,49 Our

findings support the importance of treating social identity

memberships as additive and intertwined rather than as a

distinct feature when examining correlates of movement

behaviors. Our findings that replacing patterns of ST and

sleep between weekdays and weekends with PA staying

stable adds to existing evidence pertaining to meeting the

24-h movement behavior guidelines from the perspective

of time use epidemiology.40 TaggedEnd

TaggedPSome limitations should also be mentioned. It is important

to note that the KYRBS is self-reported and that the behavior

data reported may have been affected by information bias

(e.g., recall bias, social desirability). Nevertheless, the validity

and reliability of the behavior items on the KYRBS question-

naire has been established,50 and the levels of 24-h movement

behaviors found in our study were similar to the ones from pre-

vious studies.7,16�18,20,37 Thus, misclassification of partici-

pants for exposure and outcome variables due to information

bias is likely to be non-differential, and any observed associa-

tions would have been biased toward the null. Also, the cross-

sectional nature of the data used in our study does not allow us

to establish causal relationships. Unlike ST and sleep meas-

ures, PA data were not available by the days of the week; thus,

the prevalence of meeting the MVPA recommendation or any

combinations that included PA does not account for the week-

day�weekend variation. Therefore, our findings pertaining to

meeting the MVPA recommendation should be interpreted

with caution. We were able to capitalize on the availability of

weekday�weekend data for ST and sleep because of the well-

established differences in these behaviors during weekdays

versus weekend days in this population group.7,33 However,

MVPA also may fluctuate between weekdays and weekend

days, but no evidence pertaining to this fluctuation among the

Korean adolescent population is currently available in the liter-

ature. Therefore, because these data were unavailable, we used

a weekly average for MVPA. Future studies should build on

our findings by collecting PA data on this population group

during weekdays and weekend days separately in order to
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gain a better understanding of potential weekday�weekend

variations. TaggedEnd

TaggedH15. Conclusion TaggedEnd

TaggedPPatterns occurring over a 6-year period for Korean adoles-

cents in meeting the 24-h movement guidelines and their inter-

sectional correlates were identified in this study. Based on the

6 years of cumulative data, the prevalence of meeting the indi-

vidual and different combinations of 24-h movement guide-

lines was generally low among Korean adolescents,

particularly meeting the MVPA recommendation (5%). Also,

only 0.5%�0.8% of adolescents met all 3 recommendations

within the 24-h movement guidelines. Our study also found

that the correlates of meeting the 24-h movement guidelines

varied greatly by sex, indicating that 24-h movement behav-

iors, PA and sleep in particular, and their influencing factors

are largely gendered in the Korean context. Male adolescents

were consistently more likely to meet individual and any com-

binations of the 24-h movement guidelines than their female

counterparts, regardless of social status. However, among

females only, family economic status, paternal education, and

academic performance were not important, or were even detri-

mental, to meeting 24-h movement guidelines, except for

meeting the ST recommendation. Also, maternal education

appears to play an important role in encouraging healthy life-

styles among female adolescents. Therefore, future interven-

tions should be tailored by gender; and for female adolescents,

it may be worthwhile to involve mothers. Using intersectional

approaches in behavioral modification strategies may be

important in promoting healthy, active living among Korean

adolescents. Finally, the unfavorable 24-h movement behavior

patterns among Korean adolescents observed in this study,

combined with accumulating evidence on these trends,18,20

indicate the need for continuously monitoring levels and iden-

tifying factors associated with the 24-h movement guidelines

for health promotion in this population group. TaggedEnd
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