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Background: Unhealthy movement behaviors are a critical concern, particularly 
in developing countries and regions like Latin America. Evaluating adherence to 
the 24-Hour Movement Behavior (24-HMB) through a combination of objective 
and self-reported measures of moderate-to-vigorous physical activity (MVPA), 
adequate sleep duration (SD), and limited sedentary time (ST) is essential for 
understanding the interplay among these behaviors during adolescence.
Objective: This cross-sectional study aimed to assess adherence to the 24-HMB 
among Chilean adolescents aged 10–14 years and explore differences by age 
and sex.
Methods: A total of 359 participants (53.48% girls) wore accelerometers to 
objectively measure compliance with the recommended 60 min of MVPA per 
day, as well as appropriate SD (9–11 h for ages 10–13 and 8–10 h for age 14). ST 
was assessed through self-reported data (≤2 h/day).
Results: Compliance with the MVPA, SD, and ST recommendations was achieved 
by 0.84, 4.74, and 70.47% of participants, respectively. When combining guidelines, 
only 0.56% of participants met both the ST and MVPA recommendations, while 
3.90% adhered to both the ST and SD recommendations. Notably, no participants 
met both the SD and MVPA guidelines, nor did any fulfill all three movement 
guidelines. Finally, no significant differences were observed by sex or age.
Conclusion: These findings underscore the alarmingly low adherence to the 
24-HMB among this sample of adolescents, highlighting the urgent need for 
targeted public health interventions. The study advocates for policymakers to 
adopt an integrated approach to promote healthy behaviors, addressing them 
collectively rather than in isolation.
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Introduction

South American adolescents’ lifestyle behaviors often coexist 
negatively, particularly regarding movement behaviors, with a notable 
impact on girls and a tendency to worsen with age (1). In Chile, this 
pattern is reflected in the findings of the most recent National Survey 
on Physical Activity and Sport, which reported that only 3 out of 10 
children and adolescents aged 5 to 17 years meet the minimum 
physical activity recommendation (2). The 24-Hour Movement 
Behavior (24-HMB) provides an evidence-based framework that 
integrates moderate-to-vigorous physical activity (MVPA), adequate 
sleep duration (SD), and limited sedentary time (ST) to promote 
healthy lifestyles and optimize health outcomes in this population (3, 
4). It is essential to examine 24-HMB in an integrated manner to fully 
understand its cumulative impact on adolescent health. Numerous 
studies have demonstrated that these behaviors do not operate 
independently; rather, they interact with each other, jointly influencing 
physical, mental, and cognitive well-being. In this context, a recent 
meta-analysis (5) revealed that adolescents who simultaneously 
meet all three recommendations of the 24-HMB framework exhibit 
more favorable levels of adiposity, cardiometabolic health, 
psychological well-being, academic performance, and quality of life 
compared to their peers who do not. These findings reinforce the 
importance of evaluating these behaviors collectively rather than in 
isolation, particularly in settings where adherence rates are low (5–7). 
Adherence to these guidelines is consistently linked to benefits such 
as reduced adiposity, improved fitness, enhanced well-being, better 
quality of life, and superior cognitive performance (6).

Supporting this concern, a recent study involving 10,574 children 
aged 9–11 years found that only 49% met sleep duration guidelines, 
35% met screen time recommendations, and only 17% met physical 
activity guidelines. Alarmingly, only 4% of the participants met all 
three 24-HMB recommendations, whereas 31% did not meet any (8). 
These results highlight the global challenge of promoting healthy 
movement behaviors among youth and reinforce the need for 
objective, context-specific data.

A recent meta-analysis of over 387,000 youth aged preschool to 
adolescence across 23 countries found that only 7.12% met all three 
components of the movement guidelines. In South America, 
adherence was even lower, with only 2.93% of youth meeting the 
guidelines, and compliance was positively correlated with each 
country’s Human Development Index (9). These findings highlight a 
significant gap in adherence to essential health guidelines, particularly 
in developing countries. Moreover, much of the evidence relies on 
self-reported data from Latin American adolescents, which is prone 
to bias and inaccuracies (7, 10). Moreover, significant methodological 
limitations persist, such as the use of self-reported data, cross-sectional 
study designs, and the lack of standardized measurement protocols, 
all of which may compromise the accuracy of the findings of these 
studies. In this context, the present study provides more robust 
evidence by objectively assessing physical activity and sleep through 
accelerometry, thereby reducing bias and enhancing data quality 
(5, 6, 9).

Chile, a nation undergoing epidemiological and socioeconomic 
transitions, provides a unique context for examining these behaviors. 
Assessing adherence to the three movement-related health guidelines 
during adolescence (7, 11) offers valuable insights for shaping policies 
and educational interventions tailored to the realities of developing 

countries. This study aimed to determine adherence to the 24-HMB 
among Chilean adolescents and to explore potential age and 
sex differences.

Methodology

This cross-sectional study, part of the Cogni-Action Project (12), 
was conducted between March 2017 and October 2019, following the 
STROBE guidelines and was approved by the Bioethics Committee of 
the Pontificia Universidad Católica de Valparaíso, Chile. Informed 
consent was obtained from school principals, parents, and 
participants. The project initially included 1,296 adolescents (50% 
girls) aged 10 to 14 years. A subsample of 436 schoolchildren, 
determined through power estimation, was instructed to wear an 
accelerometer (12). For this subsample, an appropriate sample size of 
436 participants was estimated, based on a 5% alpha error, a 99% 
confidence interval, 50% heterogeneity, and an expected 20% dropout 
rate (12). After excluding participants without valid accelerometry 
data, the final sample included 359 adolescents.

24-hour movement guidelines

Participants were evaluated at school during two visits, eight days 
apart, conducted by trained instructors. During the first visit, 
sociodemographic characteristics and body composition were 
assessed (Table 1). Participants were also provided with accelerometers 
to evaluate their MVPA and SD. During the second visit, trained 
professionals administered a standardized questionnaire to evaluate 
ST. Accelerometers were collected at the end of the second visit.

MVPA and SD were assessed using an accelerometer (ActiGraph 
GT3X, Pensacola, USA) worn on the right hip for 7 days. Raw 
acceleration data (100 Hz) were processed in R using the GGIR 
package version 3.0–2 (13). MVPA was defined using hip-based 
cut-off points for the Euclidean Norm Minus One (ENMO) metric 
(14), and SD was estimated using the HorAngle algorithm for 
hip-worn devices implemented in GGIR (15). Adolescents who wore 
the device for at least 16 h per day on at least 4 days per week, 
including a minimum of three weekdays and one weekend day, were 
considered to have valid accelerometry recordings and were included 
in the analysis (359 adolescents) (14).

Participants met the PA and SD guidelines if they accumulated at 
least 60 min of MVPA per day and achieved 9–11 h of SD for ages 
10–13 or 8–10 h for age 14, respectively (3, 4, 16). They were 
categorized as meeting the ST guidelines if they spent ≤2 h per day on 
sedentary recreational screen time (3, 4, 16). ST was assessed using the 
Godard questionnaire, which accounts for time spent watching 
television, using a computer, and playing video games (17).

Statistical analysis

Continuous variables were reported as means or medians, and 
categorical variables as percentages. Proportions meeting the criteria 
by sex and age were compared using the chi-square test. Compliance 
proportions are displayed in a Venn diagram (Figure 1). Statistical 
significance was set at p ≤ 0.05.
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Results

Descriptive characteristics and adherence to the 24-HMB guidelines 
are presented in Table 1. Of the 359 adolescents included in the study, 
53.48% were girls. Only 0.84% met the MVPA recommendation, 4.74% 

met the SD guideline, and 70.47% adhered to the ST recommendation. 
None of the participants met all three guidelines simultaneously, nor did 
any meet both MVPA and SD. Only 0.56% met both MVPA and ST, and 
3.90% met both SD and ST. Moreover, no significant sex-based 
differences were observed in adherence to MVPA (p  = 0.062), SD 
(p  = 0.123), ST (p  = 0.121), MVPA + ST (p  = 0.128), or SD + ST 

TABLE 1  Descriptive characteristics of the participants and prevalence of the three 24-HMB.

Variables Overall
(n = 359)

Boys
(n = 167)

Girls
(n = 192)

p-value

Age (years) 12.0 ± 1.1 11.9 ± 1.1 12.1 ± 1.1 0.314

Weight (kg) 50.2 ± 11.7 50.1 ± 12.5 50.4 ± 11 0.825

Height (cm) 153 ± 9.1 154 ± 10.5 153 ± 7.7 0.171

Waist (cm) 68.4 ± 8.6 69.6 ± 8.7 67.3 ± 8.3 0.010

Body mass index (kg/m2) 21.2 ± 3.7 20.9 ± 3.6 21.4 ± 3.7 0.156

Waist-to-height ratio 0.45 ± 0.05 0.45 ± 0.05 0.44 ± 0.05 0.041

Meeting recommendations

Only MVPA 3 (0.84%) 3 (1.8%) 0 (0.0%) 0.062

Only Sleep duration 17 (4.74%) 11 (6.59%) 6 (3.13%) 0.123

Only Screen time 253 (70.47%) 111 (66.47%) 142 (73.96%) 0.121

MVPA + Sleep duration 0 (0.0%) 0 (0.0%) 0 (0.0%) N/A

MVPA + Screen time 2 (0.56%) 2 (1.2%) 0 (0.0%) 0.128

Sleep + Screen time 14 (3.9%) 10 (5.99%) 4 (2.08%) 0.057

All Three 0 (0.0%) 0 (0.0%) 0 (0.0%) N/A

Table 1 provides demographic data by sex and associated p-values, with significant values in bold, calculated using the Student’s t-test for continuous variables and the chi-square test for 
categorical variables. Data are expressed as mean ± standard deviation or frequency (percentage). MVPA: moderate vigorous physical activity; SD: sleep duration; ST: screen time; N/A: 
insufficient data for comparison.

FIGURE 1

Venn diagrams illustrating the proportion (%) of boys, girls, and all participants meeting 24-HMB. MVPA: moderate-to-vigorous physical activity, ST: 
screen time, SD: sleep duration, and all possible combinations.
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(p = 0.057). Age-specific analysis showed that none of the adolescents 
aged 10, 12, or 14 years met the MVPA guideline, while one 11-year-old 
and two 13-year-olds did. The highest compliance rates for SD and ST 
were observed at ages 14 (25.9%) and 11 (83.0%), respectively (Table 2).

As shown in Figure 1, the Venn diagram visually illustrates the 
limited overlap between the three behaviors. Most participants met 
only the ST guideline, while very few met combinations of two 
behaviors, and none met all three. This visual representation reinforces 
the low overall adherence to the integrated 24-HMB guidelines and 
highlights the need for targeted interventions to promote balanced 
movement behaviors among adolescents.

Discussion

The results of this study revealed alarmingly low adherence to the 
24-HMB among Chilean adolescents, consistent with global findings, 
particularly in South America, where low adherence rates are 
prevalent (9, 10, 18, 19). Furthermore, this trend appears to extend 
across both boys and girls, regardless of age.

Addressing adherence to the 24-HMB requires an integrated 
approach that considers the recommendations as interconnected 
components rather than isolated targets (3, 9, 20). Physical activity, 
sedentary behavior, and sleep are intrinsically linked, and 
interventions should prioritize strategies that promote a balanced 
daily routine (10, 20, 21). For instance, excessive screen time may not 
only reduce physical activity but also disrupt sleep patterns, amplifying 
the negative health outcomes (20, 22). This highlights the importance 
of designing comprehensive interventions that simultaneously address 
all three recommendations, ensuring they complement rather than 
compete with one another (23).

This study provides evidence of low adherence to the guidelines 
across all demographic subgroups, with no significant differences 
observed by sex or age. This uniformity suggests that interventions 
should target the entire adolescent population rather than focusing on 
specific subgroups. Furthermore, the findings suggest that systemic 
and cultural barriers may be  influencing adherence at a 
population level.

Contextual factors may help explain these low adherence rates. 
Chilean adolescents report low levels of active transport and social 
support, alongside socioeconomic challenges such as income inequality 
and child poverty (18). These structural barriers likely constrain the 
adoption of healthy movement behaviors, underscoring the importance 

of context-sensitive public health strategies. In light of these findings, 
we propose three actionable recommendations: incorporating daily 
physical education into the school curriculum to ensure equitable 
access to physical activity; regulating screen time through coordinated 
school-family partnerships that promote consistent routines; and 
implementing sleep hygiene education programs targeting both 
adolescents and their caregivers. These strategies, grounded in the local 
context, may help foster healthier 24-h movement patterns and reduce 
disparities in health outcomes.

Strengths and limitations

This study stands out for its use of objective accelerometry to 
assess MVPA and SD, combined with validated self-report for ST, 
offering a comprehensive evaluation of 24-HMB adherence in Chilean 
adolescents. However, its cross-sectional design limits causal 
interpretations. ST was self-reported, which may introduce bias. The 
regional sample may limit generalizability.

Conclusion

The alarmingly low adherence to the 24-HMB among Chilean 
adolescents underscores the urgent need for targeted policies and 
programs, particularly to increase MVPA and SD. Multifaceted 
interventions involving schools, families, and communities are 
essential to effectively address these gaps. This situation highlights the 
importance of public health efforts that focus on both movement-
related and non-movement-related behaviors, fostering a more 
holistic approach to adolescent health.
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TABLE 2  Adherence to the three 24-Hour Movement Behavior components and their combinations, reported by age.

Percentage of meeting 24-HMB according to age

Age
subgroups

n
(%)

Only MVPA% Only SD % Only ST % MVPA+ SD % MVPA+ ST % SD+ ST % All Three %

10 45 (12.53) 0 (0.0) 1 (2.22) 35 (77.78) 0 (0.0) 0 (0.0) 1 (2.22) 0 (0.0)

11 53 (14.76) 1 (1.89) 3 (5.66) 44 (83.02) 0 (0.0) 1 (1.89) 3 (5.66) 0 (0.0)

12 144 (40.11) 0 (0.0) 5 (3.47) 95 (65.97) 0 (0.0) 0 (0.0) 4 (2.78) 0 (0.0)

13 90 (25.07) 2 (2.22) 1 (1.11) 61 (67.78) 0 (0.0) 1 (1.11) 1 (1.11) 0 (0.0)

14 27 (7.52) 0 (0.0) 7 (25.93) 18 (66.67) 0 (0.0) 0 (0.0) 5 (18.52) 0 (0.0)

All age 359 (100.0) 3 (0.84) 17 (4.74) 253 (70.47) 0 (0.0) 2 (0.56) 14 (3.9) 0 (0.0)

Table 2 summary of adherence to the 24-Hour Movement Behavior components by age group.
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consent was obtained from school principals, parents, 
and participants.
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