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Abstract

Objective
To examine the associations of school connectedness and parental monitoring with 24‑hour movement
behaviour patterns among U.S. high school students.

Methods
This cross‑sectional study analysed data from the 2021 National Youth Risk Behavior Survey (YRBS), a
nationally representative sample of students in grades 9–12 (N = 17,232). School connectedness and
parental monitoring were self‑reported and combined into a four‑level school‑family context variable.
Outcomes included meeting individual and combined recommendations for physical activity (≥ 60
min/day, 7 days/week), recreational screen time (≤ 2 hours/day), and sleep duration (8–10 hours/night).
Weighted multinomial logistic regression estimated adjusted relative risk ratios (aRRRs) for eight
movement behaviour patterns, controlling for age, sex, grade, race/ethnicity, sexual identity, and
COVID‑related household job loss.

Results
Only 2.2% of students met all three guidelines simultaneously. Students in the high school + high family
group (high connectedness in both settings) had significantly higher odds of being in patterns that
included physical activity—PA only (aRRR = 1.869, 95% CI: 1.320–2.647), PA + screen (aRRR = 1.660, 95%
CI: 1.223–2.253), and PA + sleep (aRRR = 2.769, 95% CI: 1.309–5.854)—compared with the low school + 
low family group. They also showed lower odds of the screen‑only pattern (aRRR = 0.689, 95% CI: 0.496–
0.958). The adjusted predicted probability of meeting all three guidelines was 3.52% (95% CI: 2.59–4.77)
in the high school + high family group versus 2.28% (95% CI: 0.98–5.22) in the low school + low family
group.

Conclusion
School connectedness and parental monitoring, particularly when both are high, are associated with
healthier 24‑hour movement behaviour patterns among U.S. high school students. These findings
support targeting both school and family environments in interventions to promote physical activity and
reduce excessive screen time during adolescence.

1 Introduction
Movement behaviours across a 24-hour day are increasingly recognised as integrated and
interdependent components of adolescent health. The 24-hour movement behaviour paradigm proposes
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that physical activity, sedentary behaviour, particularly recreational screen time, and sleep should not be
examined separately because time spent in one behaviour inevitably influences time available for others
[1]. Based on this framework, the Canadian 24-Hour Movement Guidelines for Children and Youth
recommend that young people accumulate at least 60 minutes of moderate-to-vigorous physical activity
daily, limit recreational screen time to no more than 2 hours per day, and obtain sufficient sleep each
night [1]. Meeting these recommendations simultaneously has been associated with multiple health
benefits, including healthier body composition, improved cardiometabolic health, better cognitive
performance, lower depressive symptoms, and enhanced psychosocial well-being [2, 3]. However,
evidence consistently indicates that relatively few adolescents achieve all three recommendations
concurrently, particularly in the United States and other high-income countries [4, 5]. Given the important
role of movement behaviours in adolescent development, identifying modifiable social and
environmental factors associated with healthier 24-hour movement behaviour patterns has become an
important public health priority.

The socio-ecological model provides a useful framework for understanding adolescent movement
behaviours because these behaviours are shaped not only by individual characteristics but also by
interpersonal and environmental contexts [6]. Among these contextual influences, schools and families
represent two of the most important social settings during adolescence. School connectedness,
commonly defined as students’ perceptions of feeling close to, accepted by, and supported within their
school environment, has been consistently associated with lower health-risk behaviours, improved
emotional well-being, and better academic outcomes among adolescents [7, 8]. Previous studies have
shown that adolescents with stronger school connectedness are less likely to engage in substance use,
violence, and psychological distress [9, 10]. Emerging evidence also suggests that supportive school
climates may encourage healthier daily routines, including greater participation in physical activity and
improved sleep behaviours [11, 12]. At the family level, parental monitoring and family connectedness
may provide structure, supervision, and emotional support that facilitate healthy movement behaviours.
Research has demonstrated that parental support and monitoring are positively associated with
adolescent physical activity participation and negatively associated with excessive recreational screen
time [13, 14]. In addition, family routines and parental regulation of media use and sleep schedules have
been linked to longer sleep duration and healthier sleep quality among adolescents[15, 16]. Studies
examining broader family functioning have further shown that adolescents from supportive and low-
conflict family environments are more likely to meet multiple 24-hour movement behaviour
recommendations simultaneously [16]. Collectively, these findings suggest that social connectedness,
supervision, and supportive relationships across both school and family contexts may play important
protective roles in shaping adolescent movement behaviour patterns.

Despite growing research interest in 24-hour movement behaviours, several important gaps remain in the
literature. First, many previous studies have examined physical activity, screen time, or sleep separately
rather than considering integrated movement behaviour patterns across the entire 24-hour period [1, 17].
Because these behaviours are codependent and compete for time within a finite day, studying them
independently may overlook important behavioural combinations and time-use trade-offs [18]. Increasing
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evidence indicates that meeting a greater number of 24-hour movement behaviour recommendations is
associated with progressively better physical and mental health outcomes among youth [3, 19]. Second,
much of the existing literature has focused on younger children, while evidence among adolescents,
particularly U.S. high school students, remains limited [16]. Adolescence is characterised by substantial
biological, social, and behavioural changes, including declining physical activity, increasing screen
exposure, and insufficient sleep, which may uniquely influence movement behaviour patterns [20, 21].
Third, although school and family environments have each been independently associated with
adolescent health outcomes, relatively few studies have simultaneously examined school
connectedness and parental monitoring in relation to combined 24-hour movement behaviour patterns.
Existing research has also rarely explored whether supportive school and family environments may exert
cumulative or interactive protective effects on adolescents’ movement behaviours. A more
comprehensive understanding of these social-contextual influences may help inform multi-setting
interventions designed to promote healthier movement behaviour patterns among adolescents.

Therefore, the present study aimed to examine the associations of school connectedness and family
connectedness, operationalised through parental monitoring, with 24-hour movement behaviour patterns
among U.S. high school students using data from the 2021 National Youth Risk Behavior Survey (YRBS).
Guided by the 24-hour movement behaviour framework and the socio-ecological model, this study
investigated whether higher levels of school connectedness and parental monitoring were associated
with healthier combinations of physical activity, recreational screen time, and sleep behaviours. In
addition, this study explored whether adolescents simultaneously reporting high school connectedness
and high parental monitoring were more likely to meet all three movement behaviour recommendations
compared with their peers experiencing lower levels of social connectedness and supervision. The
findings may help identify modifiable social-contextual factors that can inform school- and family-based
interventions aimed at promoting healthier 24-hour movement behaviour patterns among adolescents.

2 Methods

2.1 Study Design and Data Source
This study was a cross-sectional secondary analysis of data obtained from the 2021 National Youth Risk
Behavior Survey (YRBS). The YRBS is a nationally representative school-based survey conducted by the
Centers for Disease Control and Prevention (CDC) to monitor priority health-risk behaviours among U.S.
adolescents in grades 9–12 [22]. The survey collects information on multiple behavioural and
psychosocial health indicators, including physical activity, sedentary behaviour, sleep, mental health, and
social connectedness. The 2021 YRBS used a three-stage cluster sampling design to generate a
nationally representative sample of students attending public and private high schools across the United
States. In the first stage, counties or groups of counties were selected as primary sampling units (PSUs).
In the second stage, schools were selected with probability proportional to school enrollment size. In the
final stage, classes within selected schools were randomly sampled, and all students in selected classes
were eligible to participate. Sampling weights were applied to account for nonresponse and the complex
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survey design, allowing national population estimates to be generated. The 2021 survey cycle was
particularly important because it included measures related to school connectedness during the period
following major educational and social disruptions associated with the COVID-19 pandemic. These
contextual factors may have influenced adolescents’ movement behaviours, emotional well-being, and
social relationships. The YRBS protocol was approved by the CDC institutional review board, and local
school districts followed established parental permission and student assent procedures before data
collection [22]. The present study used publicly available de-identified data and was therefore exempt
from additional institutional ethical review.

2.2 Measures

2.2.1 24-Hour Movement Behaviour
The outcome variables were based on three movement behaviour components included in the 24-Hour
Movement Guidelines for Children and Adolescents: physical activity, recreational screen time, and sleep
duration [1]. Physical activity was assessed using the YRBS item asking students on how many of the
past 7 days they had been physically active for at least 60 minutes per day. Students reporting physical
activity on all 7 days were classified as meeting the moderate-to-vigorous physical activity (MVPA)
recommendation. Recreational screen time was measured using items assessing the average number of
hours per day students spent watching television and using computers, smartphones, or other electronic
devices for non-school purposes during a typical school day. Total recreational screen time was derived
by combining these measures. Consistent with the 24-Hour Movement Guidelines, students reporting ≤ 2
hours of recreational screen exposure per day were categorized as meeting the screen time
recommendation [1]. Sleep duration was assessed using the item asking participants how many hours
of sleep they usually obtained on an average school night. Based on current adolescent sleep
recommendations, students reporting 8–10 hours of sleep per night were classified as meeting the
sleep guideline [23]. Following previous 24-hour movement behaviour studies, combined movement
behaviour variables were created according to the number of recommendations met simultaneously [5].
Participants were categorized into four groups: meeting none, one, two, or all three recommendations.
The primary outcome variable was the number of movement behaviour recommendations achieved.

2.2.2 School Connectedness
School connectedness was assessed using the 2021 YRBS item asking students whether they agreed
with the statement: “I feel close to people at my school.” Response options included “strongly agree,”
“agree,” “not sure,” “disagree,” and “strongly disagree.” Consistent with previous adolescent health
research, responses were dichotomised into high school connectedness (“strongly agree” or “agree”)
and low school connectedness (“not sure,” “disagree,” or “strongly disagree”) [7]. School connectedness
has been widely identified as a protective social factor associated with improved emotional health, lower
engagement in health-risk behaviours, and greater psychosocial well-being among adolescents.
Therefore, it was included as a key exposure variable in the present study.

2.2.3 Family Connectedness / Parental Monitoring
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The YRBS does not directly assess family connectedness. Therefore, parental monitoring was used as a
proxy indicator of supportive family functioning. Parental monitoring was measured using the survey
item asking students how often their parents or other adults in their family knew where they were going
or with whom they would be spending time. Response categories included “never,” “rarely,” “sometimes,”
“most of the time,” and “always.” In line with previous studies examining adolescent health behaviours,
responses were categorized into high parental monitoring (“most of the time” or “always”) and low
parental monitoring (“never,” “rarely,” or “sometimes”) [16]. Parental monitoring reflects parental
supervision, awareness, and involvement in adolescents’ daily lives and has been associated with
healthier behavioural outcomes, including greater physical activity participation, lower screen time, and
healthier sleep patterns among youth [16]. Accordingly, parental monitoring was considered an indicator
of family-level social support in this study.

2.2.4 Covariates
Several demographic and health-related covariates were included in the analyses based on previous
evidence linking these variables with movement behaviours and social connectedness. Covariates
included age, sex, school grade, race/ethnicity, and sexual identity. Race/ethnicity categories followed
standard YRBS classifications. Body mass index (BMI) status was calculated using self-reported height
and weight data and categorized according to CDC age- and sex-specific growth references. Mental
health status was assessed using the YRBS item asking whether students had experienced persistent
feelings of sadness or hopelessness during the past 12 months. These covariates were included to
reduce potential confounding because demographic characteristics and mental health factors may
influence both social connectedness and movement behaviour patterns among adolescents.

2.3 Statistical analyses
All analyses accounted for the complex survey design and weighting procedures of the YRBS. Survey
weights, stratification variables, and primary sampling units were incorporated into all statistical
analyses to produce nationally representative estimates. Descriptive analyses were first conducted to
summarize sample characteristics and estimate the weighted prevalence of meeting individual and
combined 24-hour movement behaviour recommendations. Categorical variables were reported as
weighted percentages with corresponding standard errors. Survey-adjusted chi-square tests were used
to examine differences in movement behaviour patterns according to levels of school connectedness
and parental monitoring. These analyses evaluated whether adolescents with stronger social
connectedness demonstrated healthier movement behaviour profiles. Multinomial logistic regression
analyses were then performed to examine associations between school connectedness, parental
monitoring, and the number of movement behaviour recommendations met. Participants meeting none
of the recommendations served as the reference category. Unadjusted models were initially estimated to
examine crude associations between the primary exposure variables and movement behaviour
outcomes. Adjusted models subsequently controlled for age, sex, grade, race/ethnicity, sexual identity,
BMI status, and depressive symptoms. To investigate whether school and family social environments
jointly influenced movement behaviour patterns, interaction analyses between school connectedness
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and parental monitoring were also conducted. Additional subgroup analyses stratified by sex,
race/ethnicity, and sexual identity were performed to examine potential differences across demographic
groups. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were reported for all regression
analyses. Statistical significance was defined as a two-sided p-value < 0.05. All analyses were conducted
using Stata version 18.0 (StataCorp LLC, College Station, TX, USA), with survey commands used to
account for weighting, clustering, and stratification.

3 Results

3.1 Sample Characteristics and Prevalence of 24-Hour
Movement Behaviours
The weighted characteristics of the analytic sample are shown in Table 1. Among U.S. high school
students, the largest age groups were 15-year-olds (25.3%) and 16-year-olds (24.7%). The sample was
relatively balanced by sex, with 51.6% male students and 48.4% female students. In terms of race and
ethnicity, 50.7% identified as White, 25.3% as Hispanic/Latino, 12.1% as Black or African American, and
11.8% as other racial or ethnic groups. Overall, 61.1% of students reported high school connectedness,
whereas 85.9% reported high parental monitoring. More than half of the participants (53.9%) were
classified into the “high school + high family” group, while only 6.8% belonged to the “low school + low
family” group.

Adherence to individual 24-hour movement behaviour guidelines was generally low. Specifically, 23.9% of
students met the physical activity guideline, 24.2% met the recreational screen time guideline, and 22.9%
met the sleep duration guideline. When the three behaviours were considered together, nearly half of the
students (47.6%) did not meet any recommendations, 36.1% met one recommendation, 14.1% met two
recommendations, and only 2.2% met all three recommendations simultaneously. Across the eight
movement behaviour patterns, “none met” was the most common category (47.6%), followed by “screen
only” (12.6%) and “physical activity + screen time” (12.0%). Meeting all three guidelines simultaneously
was the least common pattern (2.2%).

Missing data for the key study variables are summarized in Table S1. Missingness was low for age
(0.6%), sex (1.5%), and grade (0.8%), but higher for sleep duration (21.0%), school connectedness
(45.6%), and parental monitoring (47.2%). To reduce potential bias related to missing data, multiple
imputation procedures were conducted before the main analyses.
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Table 1
Sample Characteristics and Prevalence of 24‑Hour Movement Behaviour Indicators and Patterns
Variable Category Unweighted n Weighted % (95% CI)

Age      

  12 years old or younger 40 0.2 (0.1–0.3)

  13 years old 63 0.4 (0.2–0.6)

  14 years old 3422 20.0 (18.4–21.5)

  15 years old 4458 25.3 (24.0–26.6)

  16 years old 4298 24.7 (23.9–25.5)

  17 years old 3921 23.6 (22.4–24.9)

  18 years old or older 1030 5.8 (5.1–6.6)

Sex      

  Female 8324 48.4 (46.8–50.1)

  Male 8908 51.6 (49.9–53.2)

Grade      

  9th grade 4687 26.7 (25.2–28.2)

  10th grade 4513 25.4 (23.8–27.1)

  11th grade 4144 24.2 (23.1–25.4)

  12th grade 3864 23.5 (22.0–24.9)

  Ungraded or other grade 24 0.2 (0.1–0.2)

Race/ethnicity      

  White 9357 50.7 (47.1–54.3)

  Black or African American 2403 12.1 (9.5–14.7)

  Hispanic/Latino 3338 25.3 (22.5–28.1)

  Other race/ethnicity 2134 11.8 (9.2–14.5)

Sexual identity      

  Heterosexual (straight) 12875 74.3 (72.6–76.0)

  Gay or lesbian 550 3.2 (2.7–3.6)

  Bisexual 1921 11.8 (10.9–12.7)

Note: PA = Physical activity.
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Variable Category Unweighted n Weighted % (95% CI)

  Some other way 683 3.8 (3.3–4.3)

  Not sure 856 5.1 (4.4–5.7)

  Don't know what this means 347 1.9 (1.5–2.3)

Household job loss      

  No jobs before pandemic 741 4.1 (3.7–4.5)

  Yes 3903 24.3 (22.8–25.8)

  No 12588 71.6 (70.0–73.2)

School connectedness      

  High 10414 61.1 (59.1–63.1)

  Not high 6818 38.9 (36.9–40.9)

Parental monitoring      

  High 14747 85.9 (84.7–87.1)

  Not high 2485 14.1 (12.9–15.3)

School-family context      

  Low school + low family 1227 6.8 (6.0–7.7)

  High school only 1258 7.3 (6.6–7.9)

  High family only 5591 32.0 (30.3–33.8)

  High school + high family 9156 53.9 (51.9–55.8)

Physical activity        

  Met 4,275 23.9 (22.8–24.9)  

  Not met 12,957 76.1(75.1–77.2)  

Screen time        

  Met 4,270 24.2 (22.8–25.6)  

  Not met 12,962 75.8 (74.4–77.2)  

Sleep        

  Met 4,085 22.9 (21.7–24.0)  

  Not met 13,147 77.1 (76.0–78.3)  

Note: PA = Physical activity.
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Variable Category Unweighted n Weighted % (95% CI)

Movement count        

  None met 7,954 47.6 (46.2–49.0)  

  One met 6,341 36.1 (35.1–37.1)  

  Two met 2,522 14.1 (13.2–15.0)  

  All three met 415 2.2 (1.9–2.6)  

Movement pattern        

  None met 7,954 47.6 (46.2–49.0)  

  PA only 2,004 11.5 (10.9–12.1)  

  Screen only 2,171 12.6 (12.0–13.3)  

  Sleep only 828 4.4 (3.8–5.0)  

  PA + screen 2,166 12.0 (11.1–12.8)  

  PA + sleep 838 4.7 (4.1–5.4)  

  Screen + sleep 856 4.9 (4.3–5.6)  

  All three met 415 2.2 (1.9–2.6)  

Note: PA = Physical activity.

3.2 24-Hour Movement Behaviour Patterns by School-
Family Context
The weighted prevalence of the eight 24-hour movement behaviour patterns across the four school–
family context groups is shown in Table 2. A significant overall association was observed between
school–family context and movement behaviour patterns (Rao–Scott χ², p < 0.001). Among students in
the “low school + low family” group, 52.9% did not meet any movement behaviour recommendations, and
only 1.6% met all three recommendations simultaneously. In contrast, students in the “high school + high
family” group showed a lower prevalence of meeting none of the recommendations (44.6%) and a higher
prevalence of meeting all three recommendations (2.6%). Patterns involving physical activity were more
common among students reporting high parental monitoring. For example, the prevalence of the
“physical activity only” pattern was 11.0% in the “high family only” group and 12.8% in the “high school + 
high family” group, compared with 8.2% in the “low school + low family” group and 8.3% in the “high
school only” group. A similar trend was observed for the “physical activity + screen time” pattern, which
was more prevalent among students with both high school connectedness and high parental monitoring
(13.2%) than among those with low support in both contexts (8.6%). By comparison, the “screen time
only” pattern was more common in groups with lower parental monitoring. The highest prevalence was
observed in the “high school only” group (20.8%), whereas the lowest prevalence was found in the “high
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school + high family” group (10.9%). Figure 1 further illustrates that “none met” remained the largest
category across all school–family groups, while the proportion meeting all three recommendations
remained low in every group.

Table 2
Weighted Prevalence of 24‑Hour Movement Behaviour Patterns Across School‑Family Context Groups
Movement
pattern

Low school + low
family

High school
only

High family
only

High school + high
family

None met 52.9 (48.4–57.5) 41.9 (38.9–
44.8)

52.6 (50.5–
54.6)

44.6 (42.1–47.1)

PA only 8.2 (6.3–10.1) 8.3 (6.3–10.3) 11.0 (9.9–
12.1)

12.8 (11.5–14.1)

Screen only 17.3 (13.4–21.2) 20.8 (18.5–
23.1)

12.8 (11.8–
13.8)

10.9 (9.0–12.8)

Sleep only 4.2 (2.7–5.7) 6.1 (4.2–8.0) 3.7 (2.8–4.6) 4.5 (3.5–5.5)

PA + screen 8.6 (6.8–10.4) 11.1 (9.0–
13.2)

10.9 (10.1–
11.8)

13.2 (11.8–14.6)

PA + sleep 1.9 (0.8–3.0) 4.3 (2.5–6.1) 3.6 (3.0–4.2) 5.7 (4.3–7.1)

Screen + sleep 5.3 (3.8–6.7) 5.8 (3.8–7.7) 3.7 (2.9–4.6) 5.6 (4.4–6.8)

All three met 1.6 (0.7–2.5) 1.8 (0.5–3.1) 1.7 (1.0–2.3) 2.6 (2.0–3.3)

p-value (Rao-Scott chi-square): 1.08e-10

Note

PA = Physical activity.

3.3 Multivariable Associations Between School-Family
Context and Movement Behaviour Patterns
Adjusted relative risk ratios (aRRRs) for the associations between school–family context and the eight
24-hour movement behaviour patterns are shown in Table 3, with the “low school + low family” group
used as the reference category. After adjustment for demographic and health-related covariates,
students in the “high school + high family” group were more likely to belong to movement behaviour
patterns that included physical activity. Specifically, they showed higher likelihood of being in the
“physical activity only” pattern (aRRR = 1.869, 95% CI: 1.320–2.647, p < 0.001), the “physical activity + 
screen time” pattern (aRRR = 1.660, 95% CI: 1.223–2.253, p = 0.001), and the “physical activity + sleep”
pattern (aRRR = 2.769, 95% CI: 1.309–5.854, p = 0.008), compared with the reference group. In contrast,
students in the “high school + high family” group were less likely to belong to the “screen time only”
pattern (aRRR = 0.689, 95% CI: 0.496–0.958, p = 0.026). No significant association was observed
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between the “high school + high family” group and meeting all three recommendations simultaneously
relative to meeting none (aRRR = 1.677, 95% CI: 0.783–3.592, p = 0.183).

Adjusted predicted probabilities are provided in Table 4 and Fig. 2. The probability of meeting all three
recommendations was highest in the “high school + high family” group (3.52%, 95% CI: 2.59–4.77) and
lowest in the “high family only” group (2.27%, 95% CI: 1.20–4.22). Conversely, the probability of meeting
no recommendations was lowest in the “high school + high family” group (96.48%) and highest in the
“high family only” group (97.73%). Additional analyses in Supplementary Table S2a indicated that
students in both the “high school only” group and the “high school + high family” group had significantly
greater likelihood of meeting two recommendations rather than none (aRRR = 1.52 and 1.44,
respectively). However, Supplementary Table S2b, which compared meeting all three recommendations
with meeting 0–2 recommendations, did not identify any statistically significant associations.
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Table 3
Association Between School‑Family Context and 24‑Hour Movement Behaviour Patterns

Outcome category School-family context aRRR 95% CI p

PA only vs none met High school only 1.307 0.852–2.006 0.220

PA only vs none met High family only 1.362 0.971–1.910 0.073

PA only vs none met High school + high family 1.869 1.320–2.647 0.000

Screen only vs none met High school only 1.285 0.836–1.977 0.253

Screen only vs none met High family only 0.659 0.485–0.896 0.008

Screen only vs none met High school + high family 0.689 0.496–0.958 0.026

Sleep only vs none met High school only 1.424 0.853–2.375 0.176

Sleep only vs none met High family only 0.763 0.438–1.328 0.338

Sleep only vs none met High school + high family 1.160 0.738–1.823 0.519

PA+screen vs none met High school only 1.548 1.076–2.227 0.019

PA+screen vs none met High family only 1.202 0.857–1.686 0.286

PA+screen vs none met High school + high family 1.660 1.223–2.253 0.001

PA+sleep vs none met High school only 2.190 0.988–4.855 0.054

PA+sleep vs none met High family only 1.525 0.727–3.200 0.265

PA+sleep vs none met High school + high family 2.769 1.309–5.854 0.008

Screen+sleep vs none met High school only 1.317 0.754–2.300 0.333

Screen+sleep vs none met High family only 0.708 0.465–1.076 0.106

Screen+sleep vs none met High school + high family 1.127 0.765–1.660 0.546

All three met vs none met High school only 1.218 0.366–4.047 0.748

All three met vs none met High family only 1.061 0.555–2.028 0.859

All three met vs none met High school + high family 1.677 0.783–3.592 0.183

Note: PA = Physical activity, aRRR = adjusted relative risk ratio comparing each category vs. ‘None
met’.
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Table 4
Adjusted Predicted Probabilities of Selected Movement Behaviour Patterns

School-family
context

Predicted probability of none met
(95% CI)

Predicted probability of all three met
(95% CI)

Low school + low
family

97.72 (94.78–99.02) 2.28 (0.98–5.22)

High school only 97.14 (93.92–98.67) 2.86 (1.33–6.08)

High family only 97.73 (95.78–98.80) 2.27 (1.20–4.22)

High school + high
family

96.48 (95.23–97.41) 3.52 (2.59–4.77)

3.4 Results of Sensitivity Analyses
Sensitivity analyses examining different physical activity thresholds are shown in Supplementary Table
S3. Under the strict physical activity definition (7 days/week), the association between the “high school 
+ high family” group and meeting all three guidelines was not statistically significant (aOR = 1.68, 95% CI:
0.78–3.59, p = 0.183). However, when the alternative threshold (≥ 5 days/week) was applied, the
association became statistically significant but changed direction (aOR = 0.50, 95% CI: 0.27–0.93, p = 
0.028). Results using three-level measures of school connectedness and parental monitoring are
reported in Tables S4a and S4b. Neither the “unsure” nor the “high” category showed statistically
significant associations, and parental monitoring remained non-significant across models. Complete-
case analyses excluding participants with missing data are shown in Table S5. No exposure group
demonstrated a statistically significant association with meeting all three recommendations, although
the direction of the estimates was generally consistent with the primary analyses. Finally, comparisons
between models with and without adjustment for sexual identity are provided in Table S6. Including
sexual identity did not materially change the estimates for any exposure group, supporting the
robustness of the main findings.

4 Discussion
The present study examined associations between school and family connectedness and adherence to
24-hour movement behaviour patterns among U.S. high school students using data from the 2021
National YRBS. Overall, adherence to the 24-hour movement guidelines was low, with less than a quarter
of students meeting recommendations for physical activity, screen time, or sleep, and only 2.2% meeting
all three guidelines simultaneously. Students with high school and high family support were more likely
to engage in patterns that included physical activity and were less likely to display exclusive screen time
behaviors. However, differences in meeting all three guidelines simultaneously were minimal across the
school–family context groups, reflecting the persistent challenge of achieving comprehensive
movement guideline adherence among adolescents.
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The observed low adherence to 24-hour movement guidelines among U.S. high school students aligns
with previous studies both domestically and internationally. Tremblay et al. [1] reported that fewer than
10% of Canadian youth met the integrated movement recommendations, and similar trends were
observed in multinational reviews, with prevalence ranging from 5% to 15% among adolescents [5, 24].
These findings highlight the global challenge of promoting balanced daily movement behaviors during
adolescence, a critical period for establishing lifelong health patterns [3, 25]. The influence of school
connectedness and parental monitoring observed in this study is consistent with existing literature
linking supportive social environments to favorable adolescent health behaviors. High school
connectedness has been associated with increased physical activity, reduced sedentary behaviors, and
better sleep quality [7, 16]. Similarly, parental monitoring has been shown to positively affect physical
activity engagement, limit recreational screen time, and support sufficient sleep duration [26–28]. While
prior studies often considered school and family influences separately, our study extends this evidence
by demonstrating that the combination of high school and high family support appears particularly
advantageous for promoting movement patterns that include physical activity [29, 30]. Despite these
consistencies, some discrepancies emerge when comparing across studies. For example, the extremely
low prevalence of meeting all three guidelines in our sample is lower than some international estimates
[24], which may be attributable to differences in measurement approaches, age ranges, or cultural and
environmental contexts. Additionally, prior research often focuses on younger children or utilizes
variable-centered methods, whereas our person-centered approach highlights the importance of
examining combined social contexts for adolescents specifically [31].

The present findings suggest that school connectedness may play an important role in shaping
adolescent 24-hour movement behaviour patterns. Students reporting high school connectedness were
more likely to engage in movement behaviour patterns that included physical activity, particularly the “PA
only” and “PA + screen” patterns, and were less likely to belong to the “screen time only” pattern. These
findings are generally consistent with previous studies showing that supportive school environments are
associated with higher physical activity participation, lower sedentary behaviour, and better
psychological well-being among adolescents [32, 33]. School connectedness may strengthen
adolescents’ engagement in organized sports, extracurricular activities, and active social participation
within the school setting, thereby increasing opportunities for daily movement [34]. In addition, students
who feel emotionally connected to school may demonstrate stronger motivation, better emotional
adjustment, and greater adherence to structured daily routines that support healthier behaviours [7]. The
observed gradient across school–family context groups further supports the importance of supportive
school environments. Adolescents with both high school connectedness and high parental monitoring
showed the most favourable movement behaviour profiles, whereas those in the low school + low family
group showed the highest prevalence of meeting none of the recommendations. These findings align
with the socio-ecological model, which emphasizes that adolescent behaviours are influenced by
multiple interacting social contexts [35]. However, no statistically significant association was observed
between the high school + high family group and simultaneously meeting all three movement behaviour
recommendations relative to meeting none. One possible explanation is the very low prevalence of
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adolescents meeting all three guidelines in the current sample (2.2%), which may have reduced
statistical power to detect significant associations. Previous studies examining integrated 24-hour
movement behaviours among adolescents have similarly reported that adherence to all three
recommendations is uncommon, particularly during late adolescence [5, 24]. In addition, meeting all
three recommendations simultaneously may require more complex behavioural regulation across
multiple domains than achieving individual or dual behaviour patterns alone.

Parental monitoring was also associated with more favourable movement behaviour patterns,
particularly patterns involving lower recreational screen exposure and higher physical activity
participation. Adolescents reporting higher parental monitoring demonstrated lower prevalence of the
“screen time only” pattern and greater likelihood of engaging in movement behaviour combinations that
included physical activity. These findings are consistent with previous research indicating that parental
supervision, household rules, and family support are important correlates of adolescent movement
behaviours [16, 36]. Parents and caregivers may influence movement behaviours through several
pathways, including regulation of recreational media use, encouragement of physical activity
participation, transportation support for organized activities, and establishment of consistent sleep
schedules [37, 38]. The cumulative pattern observed in the present study suggests that family support
may operate most effectively when combined with positive school environments. Adolescents with high
parental monitoring alone showed intermediate movement behaviour profiles, whereas the combination
of high parental monitoring and strong school connectedness was associated with the most favourable
outcomes. This finding supports previous evidence that multiple supportive social environments may
jointly reinforce healthy behavioural habits during adolescence [3, 39]. Structured supervision from
parents may help limit excessive screen time and support regular sleep routines, while supportive school
environments may provide additional opportunities for physical activity participation and peer
engagement. Together, these complementary influences may contribute to healthier daily movement
patterns across the 24-hour period. Nevertheless, the absence of significant associations for meeting all
three guidelines simultaneously suggests that broader environmental, social, and behavioural factors
may also influence integrated movement behaviour adherence among adolescents. Future longitudinal
studies are needed to clarify the mechanisms linking family support, school connectedness, and
combined movement behaviour patterns over time.

Sensitivity analyses revealed that variations in physical activity thresholds, alternative coding of school
and family connectedness, and complete-case analyses did not materially alter the primary associations
[31, 33]. While the strict criterion for physical activity (7 days/week) reduced statistical significance for
some outcomes, adopting a more lenient threshold (≥ 5 days/week) produced results in the expected
direction, indicating robustness of observed patterns. Similarly, including additional covariates such as
mental health or sexual identity did not substantially change estimates. These analyses confirm the
stability of the main findings while also highlighting limitations associated with low prevalence of
adolescents meeting all three guidelines, which reduces statistical power for some comparisons [24, 25].

Page 16/23



These findings have important implications for interventions targeting adolescent movement behaviors.
Enhancing school connectedness and parental monitoring could be central components of programs
aiming to improve adherence to integrated movement guidelines. Strategies may include school-based
initiatives to increase student engagement and peer support, and family-oriented interventions that
promote structured daily routines, set consistent sleep schedules, and regulate screen time. Given the
low overall adherence observed, interventions should adopt a multi-setting approach that simultaneously
leverages both school and family environments to maximize impact.

Key strengths of this study include the use of a nationally representative dataset, application of the 24-
hour movement behavior framework, and the combined examination of school and family social-context
measures. Nonetheless, limitations must be acknowledged. The cross-sectional design precludes causal
inference, self-reported measures may introduce bias, and missing data required imputation, although
sensitivity analyses support the robustness of findings. Additionally, the extremely low prevalence of
adolescents meeting all three movement guidelines constrains statistical power for certain outcomes.
Future research should employ longitudinal designs to examine temporal relationships, evaluate
intervention effectiveness in school and family contexts, and explore additional social and environmental
moderators that may influence integrated movement behaviors.

5 Conclusion
This study demonstrates that adherence to the 24-hour movement behaviour guidelines remains very
low among U.S. high school students in the 2021 YRBS. Students with both high school connectedness
and high parental monitoring showed more favorable movement behaviour patterns, particularly those
including physical activity, and a lower likelihood of exclusive screen-based behaviour. However, the
proportion meeting all three recommendations simultaneously remained very small across all school–
family contexts, indicating a persistent gap in achieving integrated healthy behaviours during
adolescence. These findings highlight the importance of strengthening both school and family
environments to support healthy daily movement patterns. Interventions that promote school
connectedness and enhance parental monitoring may help improve physical activity engagement and
reduce sedentary behaviour. Given the cross-sectional design, causal relationships cannot be confirmed.
Future studies should use longitudinal data to further examine how school and family contexts jointly
influence 24-hour movement behaviours over time.
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Figure 1

Distribution of 24‑Hour Movement Behaviour Patterns by School‑Family Context
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Figure 2

Adjusted Predicted Probability of Meeting All Three Movement Guidelines
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