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Abstract

Objective—To examine the prevalence of youth meeting the 24-hour healthy movement 

guidelines [i.e., ≥60-min of moderate-to-vigorous physical activity (MVPA), ≤2-hours of screen-

time, age-appropriate sleep duration], and which combination of meeting these guidelines was 

most associated with bodyweight status, in a nationally representative US sample.

Study design—Cross-sectional data from the 2016-2017 National Survey of Children’s Health 

were used. A multinomial regression model of body weight status was generated (underweight, 

overweight, obese, versus healthy weight) and then stratified by sex. Analyses were adjusted for 

potential confounders.

Results—The sample (n=30,478) was 50.4% female, 52.4% white, and mean age was 13.85 

years (SD=2.28); 15% percent were obese, and 15.2% were overweight. Overall, 9.4% met all 

three of the 24-hour healthy movement guidelines, 43.6% met two, 37.9% met one, and 9.1% met 

none. Meeting zero guidelines (vs. 3) was associated with the greatest likelihood of overweight 

(aOR=1.85, 95% CI=1.31-2.61), and obesity (aOR=4.25, 95% CI=2.87-6.31). Females 

(aOR=4.97, 95% CI=2.59-9.53) had higher odds of obesity than males (aOR=3.99, 95% 

CI=2.49-6.40) when zero (vs 3) guidelines were met. Meeting the MVPA guideline, either alone or 

in combination with screen-time or sleep duration (versus all 3), was associated with the lowest 

odds for overweight and obesity in the full sample.

Conclusion—Meeting all movement guidelines was associated with the lowest risk for obesity, 

particularly in females. Meeting the MVPA guideline may be a priority to prevent overweight and 

obesity in youth.
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Sedentary behavior, physical activity, and sleep duration are co-dependent behaviors that fall 

on a movement/non-movement continuum, and together account for the 24-hour daily cycle.

(1) Recommendations for healthy 24-hour time use posit that children (age 6-12 years) sleep 

9 to 12 hours and adolescents (age 14-18 years) sleep 8 to 10 hours a night, and that both 

groups accumulate at least one hour of moderate to vigorous intensity physical activity and 

limit screen-time (ie, leisure time screen use) to 2 hours within a 24-hour period.(1, 2) The 

consideration of movement behaviors across the 24-hour period represents a more integrated 

behavioral paradigm, and a departure from traditional models that considered health risk 

behaviors as independent entities to be intervened upon singularly. Central to the integrated 

24-hour movement paradigm is the concept that meeting recommendations for all three 

movement behaviors may have a greater association with beneficial health outcomes than 

meeting a single guideline.

Emerging data show that between 2-17% of youth,(3-9) and a greater proportion of male 

versus female, and younger (i.e., 5-11 years old) versus older (i.e., 12-17 years old) youth, 

meet all three healthy 24-hour time-use guidelines.(4) Meeting all (versus 0-2) guidelines 

has been associated with significantly better cardiometabolic indicators (e.g., lower BMI z-

score, more favorable waist circumference, higher aerobic fitness), (3, 10, 11) as well as 

superior global cognition.(8) A curvilinear relationship has also been reported between 

healthy 24-hour time-use guidelines and obesity whereby meeting the physical activity 

guideline disproportionately reduced the odds of obesity as compared with the other 

guidelines.(7) Research has begun to extend the 24-hour movement framework to American 

youth, demonstrating only 5% of youth concurrently met the three guidelines.(5) To address 

some of these knowledge gaps, it is the purpose of this study to examine which combination 

of these guidelines may be most strongly associated with cardiometabolic outcomes such as 

overweight and obesity in male and female youth residing in the United States. Answers to 

these questions could inform more efficient, targeted interventions based on the healthy 24-

hour framework to curb the obesity epidemic.

Methods

This cross-sectional study utilized nationally representative, de-identified data from the 

2016-2017 National Survey of Children’s Health (NSCH) combined dataset. The NSCH is 

jointly sponsored by the National Center for Health Statistics at the Centers for Disease 

Control and Prevention and the Maternal and Child Health Bureau (both US). The 

2016-2017 NSCH includes a probability sample of non-institutionalized youth aged 0 to 17 

years in the United States (N=71,811). In 2016, the survey was updated and conducted either 

online or by mail (paper) based instruments by the US Census Bureau. Households were 

randomly contacted to identify households with children younger than the age of 18 years. If 

a household had more than one child, one was randomly selected, and parents/guardians 

completed the questionnaire. Parent, proxy reporting has shown validity for the assessment 

of constructs such as youth health related quality of life and physical activity by some (12) 

(13), but not all (14) reports. The weighted survey response rate was 40.7% and 37.4% for 

the 2016 and 2017 data collections, respectively. Further information about the 2016-2017 

NSCH combined dataset can be found in the US Census Bureau’s fast facts document.(15) 

The National Center for Health Statistics Research Ethics Review Board and the National 
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Opinion Research Center Institutional Review Board (both US) approved all the study 

procedures. Informed consent was collected from all parents or guardians.

Physical activity was assessed using one question: “During the past week, on how many 

days did this child exercise, play a sport, or participate in physical activity for at least 60 

minutes?” Response options were “0 days”, “1-3 days”, “4-6 days”, and “every day.” A 

dichotomous variable was created where responses of “every day” were coded as “meeting 

physical activity guidelines,” and all other responses were coded as “not meeting physical 

activity guidelines.”(16)

Screen-time was assessed using one question: “On an average weekday, about how much 

time does this child usually spend in front of a TV watching TV programs, videos, or 

playing video games?” Responses were: “none”, “1 hour”, “2 hours”, “3 hours”, and “4 or 

more hours”. A dichotomous variable was created where responses of “none”, “1 hour” and 

“2 hours” were collapsed into “2 or less hours”, and all other responses were categorized as 

“more than 2 hours”, in alignment with 24-hour movement guidelines.(1, 17)

To assess sleep, parents were asked “During the past week, how many hours of sleep did this 

child get on an average weeknight?”. Potential responses included “less than 6 hours,” “6 

hours,” “7 hours,” “8 hours,” “9 hours,” “10 hours,” and “11 or more hours.” Consistent 

with the National Sleep Foundation guidelines for healthy sleep duration, responses of 8, 9, 

or 10 hours for 14-17 years old, and 9 hours or more for 10-13 years old youth were coded 

as “meeting sleep guidelines” and all other responses were coded as “not meeting sleep 

guidelines.”(2)

In the NSCH, body mass index (BMI) is calculated based on parent-reported height and 

weight. Centers for Disease Control and Prevention (CDC) sex-specific BMI-for-age 

categories are provided in the NSCH data set, including: (a) underweight as less than 5th 

percentile, (b) normal weight as 5th percentile to less than 85th percentile, (c) overweight as 

85th to <95th percentile, and (d) obese as greater or equal to 95th percentile.(18)

Adolescents’ ethnicity, sex, household income level, and parental education were included 

as covariates for this analysis, as they are potentially related to engagement in health 

behaviors(19, 20) and body weight.(20) Household income was represented by four 

categories of percent of federal poverty level (FPL) based on the Department of Health and 

Human Services guidelines; 0%-199% FPL, 200%-299% FPL, 300%-399% FPL, and 400% 

FPL or greater.(10) Parental education was recorded as the highest degree or year of school 

completed by the parent.

Statistical analyses

Youth (n = 33,245) without disabilities and aged between 10 and 17 years old were selected 

from the combined NSCH 2016-2017 dataset. Cases with missing or invalid question 

responses (n=2,767) were listwise removed; the final sample included 30,478 cases with 

complete responses. Using the data analysis plan from NSCH, data were analyzed in two 

steps. First, a frequency table and 95% confidence interval (CI) was created to present 

participant demographics, body weight status, and number of 24-hour movement guidelines 
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met (0-3). Next, to estimate the odds of being overweight, or obese as a function of meeting 

each possible configuration of the guidelines, a multinomial logistic regression model of 

body weight status was generated (underweight, overweight, obese, versus healthy weight) 

for the complete sample and then stratified by sex. Within each bodyweight status model, 

“Meeting all three guidelines” was used as the reference category. Analyses were adjusted 

for participants’ ethnicity, sex, household income levels, and parental education. To account 

for the sampling plan of NSCH, the data analyses were conducted using the Complex 

Samples module of SPSS (Ver. 25, IBM; Armonk, NY). Results were considered statistically 

significant at the .05 level.

Results

Of the analytic sample (n=30,478), the mean age was 13.85 years (SD=2.28) and 50.4% 

[95% CI=49.3-51.8] were female. Over one-half of the sample was white (52.4%; 95% 

CI=51.1-53.8), and 38.9% [95% CI=37.5-40.4%] were at 0-199% of the FPL. Fifteen 

percent of the sample were obese [95% CI=13.9-16.2], and a further 15.2% [95% CI= 

14.2-16.3] were overweight. A large proportion of youth did not meet the physical activity 

(80.9%, 95% CI= 79.8-82.0), but met screen-time (76.2%, 95% CI=75.0-77.4) and sleep 

(58.1%, 95% CI=56.7-59.4) guidelines. Overall, 9.4% [95% CI= 8.7-10.2] of the sample met 

all three of the 24-hour healthy movement guidelines, 43.6% [95% CI= 42.3-45.0] met two, 

37.9% [95% CI= 36.6-39.2] met one, and 9.1% [95% CI= 8.3-9.9] met none (Figure and 

Table 1). A multinomial regression model of the bodyweight status outcome was run, with 

the categories of underweight, overweight, and obese compared with healthy weight. Each 

possible combination of the 24-hour healthy movement guidelines was used as the 

independent variables of interest; meeting all three of the 24-hour movement guidelines 

provided the comparison within each model (Table 2). Due to low prevalence of 

underweight, the results focused on overweight, and obese compared with healthy weight 

status.

In the multinomial model of overweight status, compared with youth who met all three 24-

hour movement guidelines, the odds of overweight was significantly higher among youth 

who met no guideline (aOR = 1.85, 95% CI: 1.31-1.89), met the screen-time guideline alone 

(aOR = 1.39, 95% CI: 1.02-1.89), met the sleep guideline alone (aOR = 1.51, 95%CI: 

1.07-2.14), or met the screen-time and sleep guidelines concurrently (aOR = 1.38, 95%CI: 

1.02-1.86). Among male youth, meeting no guideline (aOR = 1.85, 95% CI: 1.31-1.89), the 

sleep guideline alone (aOR = 1.51, 95%CI: 1.07-2.14), the screen-time guideline alone (aOR 

= 1.39, 95% CI: 1.02-1.89), or the screen-time and sleep guidelines concurrently (aOR = 

1.38, 95%CI: 1.02-1.86) was associated with a significantly higher odds of being 

overweight, than meeting all three guidelines. Among female youth, meeting the physical 

activity guideline alone (aOR = 0.29, 95%CI: 0.10-0.85) was associated with a significantly 

lower odds of being overweight than meeting all three 24-hour movement guidelines.

In the multinomial model of obese bodyweight status, compared with youth who met all 

three 24-hour movement guidelines, the odds of obesity was significantly higher among 

those who met no guideline (aOR = 4.25, 95%CI: 2.87-6.31), the sleep guideline alone (aOR 

= 2.57, 95%CI: 1.71-3.86), the screen-time guideline alone (aOR=2.07, 95%CI: 1.43-3.02), 
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and or the screen-time and sleep guideline concurrently (aOR=1.85, 95%CI: 1.30-2.64). In 

the sex-stratified models, the same findings held for males and females. Notably, in the full 

sample and sex-stratified models, meeting the physical activity guidelines alone or meeting a 

combination of physical activity and another guideline (i.e. screen-time or sleep) versus 

meeting all three guidelines, was not associated with a significantly higher odds of obesity.

Discussion

The conceptualization of 24-hour healthy movement behaviors (i.e., ≥60-min of moderate-

to-vigorous physical activity, ≤2-hours of screen-time, age-appropriate sleep duration/each 

day) as co-dependent and integrated entities represents an important paradigm advancement 

for health behavior change. A growing literature has shown that a minority (2-17%) of youth 

meet all three 24-hour healthy movement behaviors,(3-8, 21) but that meeting all guidelines 

is significantly associated with better cardiometabolic and cognitive health.(3, 8, 10, 11) The 

current study supports and extends this work by showing that meeting none of the guidelines 

procured the highest odds for overweight (aOR=1.85, 95% CI=1.31-2.61) and obesity 

(aOR=4.25, 95% CI=2.87-6.31), but that meeting the moderate-to-vigorous physical activity 

guideline, either independently, or in combination with the screen-time or sleep duration 

guideline, was associated with the lowest odds for overweight or obesity among US youth. 

A second key finding of this study was that the odds of obesity were considerably higher in 

female (aOR=4.97, 95% CI=2.59-9.53) versus male (aOR=3.99, 95% CI=2.49-6.40) youth 

who met none of the guidelines versus those who met all three.

Approximately one in three youth in this sample were either obese or overweight. These 

rates converge with data from the NHANES survey where 18.5% of youth were reported 

obese (22) and 16.6% overweight.(23) Our finding that meeting the physical activity 

guideline either alone, or in combination with the screen-time or sleep duration guidelines 

procured the lowest odds for overweight and obesity, converges with previous work 

conducted outside the US.(3, 7, 24, 25) Numerous of studies have shown youth who 

participate in regular physical activity (including sports teams) to have a lower body mass 

index, and to be less likely to be overweight or obese.(26) This relationship is likely 

attributable to the higher level of energy expenditure incurred with increased activity.(26) 

Indirect mechanisms to explain this relationship include the reduced energy intake observed 

in active youth exposed to food stimuli (i.e., the transient anorexigenic effect of activity),(27, 

28) and being in a family or school context that promotes increased levels of habitual 

activity.(21, 29)

From a 24-hour healthy movement behavior perspective, it could be argued that habitually 

meeting the physical activity guideline is supported by also meeting the screen-time and 

sleep duration guidelines. Support for this premise comes from cross-sectional data showing 

that youth who regularly meet sleep duration guidelines are more physically active and have 

lower rates of obesity.(30, 31) In a recent study that examined the temporal and bidirectional 

relationship between objectively measured sleep, sedentary behavior, and physical activity, 

results showed that higher levels of physical activity were associated with subsequently 

better sleep, whereas increased sedentary behavior was associated with poorer subsequent 

sleep.(32) The complex temporal and reciprocal relationships between the 24-hour 
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movement behaviors across childhood and adolescent maturation phases is still poorly 

understood. Elucidating these relationships, and their association with different measures of 

body fatness, is necessary for informing targeted intervention approaches to increase the 

proportion of youth meeting these guidelines.

Females who met zero of the 24-hour healthy movement guideline (vs. meeting all 3) had a 

five-fold increased odds (aOR=4.97) of obesity, whereas their male counterparts had a four-

fold increased odds (aOR= 3.99). Moreover, females who met the physical activity guideline 

alone had a 71% reduced odds, of being overweight as compared with females who met all 

three guidelines. These data underscore how important meeting the physical activity and 

screen-time recommendations are for female youth to maintain a healthy weight. Yet, 

substantially fewer female youth meet physical activity recommendations than males, and 

the disparity only increases with age.(33) International data show that in early childhood, 

males accrue significantly more screen-time per day than females;(34) however, female 

adolescents may experience disproportionately more negative mental health effects from 

their screen-time, including depressive symptoms and anxiety.(35) Given the negative 

association between depressive symptomology and habitual physical activity,(36) screen-

time may be particularly deleterious to physical activity levels in female youth. Taken 

together, these data highlight the importance of considering the range of movement 

behaviors, and introduce the need to consider sex-differences in the relative importance of 

the different 24-hour movement behaviors to body fatness.

Strengths of this study include the inclusion of a large national representative sample. These 

data should be interpreted with consideration of some methodological limitations including 

the fact that the data were cross-sectional, parent and self-reported, and that the analysis did 

not consider other social and environmental factors that also relate to body mass index.(21, 

29) A limitation is related to the missing responses, although accounting for fewer than 10% 

of the total analyzed sample, minorities and those with lower income were overrepresented 

compared with the analyzed completed ones. That the assessment of screen-time did not 

take mobile phone or computer use into account, is another limitation. These results 

underscore the importance of the 24-hour healthy movement perspective, and identify 

meeting the physical activity guideline as being critical to healthy weight in youth. Further 

research needs to elucidate the reciprocal and temporal relationship between 24-hour healthy 

movement behaviors, and multi-level approaches to increase the proportion of youth meeting 

these guidelines that are critical to achieving a healthy weight.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 
Percentage of Youth (10-17 Years) Meeting 24-Hour Movement Guidelines (N = 30,478)
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Table 1.

Demographic Characteristics of Youth from 2016-2017 National Survey of Children’s Health

Age range 10-17 years old
N=30,478

Female
n=15,524

Male
n=14,954

Age (y), mean (SD) 13.85 (2.28) 13.86 (2.29) 13.84 (2.28)

Birth Sex (%, 95%CI)

 Male 49.6% (48.2-50.9%) — —

 Female 50.4% (49.3-51.8%) — —

Ethnicity (%, 95%CI)

 Asian 4.6% (4.1-5.1%) 5.0% (4.3-5.8%) 4.2% (3.6-5.0%)

 Black 13.1% (12.1-14.2%) 13.1% (11.7-14.8%) 12.9% (11.5-14.4%)

 Hispanic 24.5% (23.1-26.0%) 23.7% (21.7-25.8%) 25.1% (23.0-27.4%)

 White, non-Hispanic 52.4% (51.1-53.8%) 52.4% (50.5-54.3%) 52.8% (50.8-54.8%)

 Others/multiracial, non-Hispanic 5.4% (4.9-5.8%) 5.8% (5.2-6.6%) 5.0% (4.4-5.6%)

Household poverty level based on CHIP

 0-199% FPL 38.9% (37.5-40.4%) 39.5% (37.5-41.5%) 37.9% (35.9-40.0%)

 200-299% FPL 15.2% (14.3-16.2%) 14.9% (13.7-16.3%) 15.6% (14.1-17.1%)

 300-399% FPL 12.5% (11.7-13.4%) 12.1% (11.1-13.0%) 13.1% (11.8-14.6%)

 400% FPL or greater 33.3% (32.2-34.4%) 33.5% (32.0-35.1%) 33.4% (31.8-35.0%)

Weight status (%, 95%CI)

 Underweight 6.0% (5.5-6.6%) 5.2% (4.5-5.9%) 6.8% (6.0-7.8%)

 Healthy weight 63.8% (62.4-65.1%) 66.2% (64.3-68.1%) 61.2% (59.2-63.2%)

 Overweight 15.2% (14.2-16.3%) 15.8% (14.3-17.4%) 14.8% (13.4-16.2%)

 Obese 15.0% (13.9%-16.2%) 12.9% (11.5-14.3%) 17.2% (15.5-19.0%)

Physical activity participation (%, 95%CI)

 Less than 60 min/day 80.9% (79.8-82.0%) 85.4% (84.0-86.7%) 76.4% (74.6-78.0%)

 60 min or more/day 19.1% (18.0-20.2%) 14.6% (13.3-16.0%) 23.6% (22.0-25.4%)

Average weeknight sleep (%, 95%CI)

 Below age-appropriate hours 41.9% (40.6-43.3%) 42.7% (40.8-44.6%) 41.0% (39.0-43.0%)

 Meet age-appropriate hours 58.1% (56.7-59.4%) 57.3% (55.4-59.2%) 59.0% (57.0-61.0%)

Weekday screen-time viewing (%, 95%CI)

 2 hours or less/day 76.2% (75.0-77.4%) 80.4% (78.7-81.9%) 72.2% (70.4-73.9%)

 More than 2 hours/day 23.8% (22.6-25.0%) 19.6% (18.1-21.3%) 27.8% (26.1-29.6%)

24-hour movement guideline (%, 95%CI)

 Meet 0 guidelines 9.1% (8.3-9.9%) 8.2% (7.1-9.4%) 10.0% (9.0-11.0%)

 Meet 1 guideline 37.9% (36.6-39.2%) 38.7% (36.9-40.6%) 36.8% (34.8-38.8%)

 Meet 2 guidelines 43.6% (42.3-45.0%) 45.7% (43.9-47.6%) 41.7% (39.8-43.7%)

 Meet 3 guidelines 9.4% (8.7-10.2%) 7.4% (6.5-8.4%) 11.5% (10.5-12.7%)

CI: confidence interval; SD: standard deviation; CHIP: Children’s Health Insurance Program; FPL: Federal Poverty Level
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