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RESUMO 

  

  Atividade física, comportamento sedentário e duração do sono compõem os 

comportamentos de movimento de 24 horas. Os níveis desses comportamentos são 

preocupantes entre os adolescentes brasileiros e muitos fatores podem influenciá-los, 

incluindo comportamentos alimentares, uso de substâncias e fatores 

sociodemográficos como sexo, idade, e nível socioeconômico. As evidências a esse 

respeito são escassas, pois a maioria dos estudos inclui apenas um ou dois 

dos comportamentos do movimento das 24 horas. Assim, o objetivo da presente tese 

de doutorado foi analisar transversalmente os correlatos sociodemográficos e 

comportamentais de comportamentos de movimento de 24 horas medidos por 

acelerômetro e autorreferidos em uma amostra de adolescentes brasileiros 

matriculados no ensino médio integrado à educação técnica. Todos os alunos 

matriculados do primeiro ao sexto semestre do ensino médio integrados a cursos 

técnicos de três campi do Instituto Federal de Santa Catarina na mesorregião Grande 

Florianópolis (Santa Catarina, Brasil) foram convidados a participar em 2019. Os 

participantes foram convidados após a equipe de pesquisa explicar a justificativa do 

estudo, e os participantes foram solicitados a fornecer um termo de consentimento 

assinado pelos responsáveis legais. Os participantes receberam um acelerômetro 

para usar no punho não dominante por sete dias consecutivos (avaliação de 24 

horas). Uma semana depois, os acelerômetros foram recuperados e os alunos foram 

convidados a responder a um questionário estruturado online usando um 

smartphone. A duração do sono, comportamento sedentário, atividade física de 

intensidade leve (AFL), e atividade física moderada a vigorosa (AFMV) foram 

estimados a partir de acelerometria e sexo, idade, estrutura familiar, status 

socioeconômico, comportamentos alimentares, comportamentos de tempo de tela, e 

o uso de substâncias foram autorrelatados pelos alunos. Os volumes diários de cada 

comportamento de movimento de 24 horas foram estimados, o volume de esportes e 

não esportes, de cada indicador de tempo de tela, de tempo de tela de lazer, de tempo 

de tela involuntário e duração do sono, e a adesão às diretrizes de movimento das 24 

horas foram usadas para dicotomizar os comportamentos diários (ou seja, ≥60 

minutos por dia de AFMV, ≤2 horas por dia de tempo de tela recreativa e 9-11 horas 

por noite de sono). Modelos lineares multiníveis foram ajustados para identificar as 

associações dos indicadores de comportamento do movimento de 24 horas com 

ajustes para covariáveis relevantes. Quando os resultados da acelerometria foram 

analisados, as participantes do sexo feminino dormiram mais, se envolveram em mais 

AFL e se envolveram em menos comportamento sedentário e AFMV do que os 

participantes do sexo masculino. Idade foi associada positivamente ao 



 

 

comportamento sedentário. Alimentos não processados foram positivamente 

relacionados ao AFL, enquanto alimentos processados foram positivamente 

relacionados ao comportamento sedentário e inversamente relacionados a 

AFMV. Tempo de tela para estudar foi inversamente relacionado a AFL e AFMV. O 

tempo de tela relacionado ao trabalho foi inversamente relacionado ao sono e 

positivamente relacionado ao LPA. Assistir a vídeos foi associado a menor AFL e 

AFMV. Para o sexo masculino, os videogames foram associados ao aumento do 

comportamento sedentário e menores AFL e AFMV. Para o sexo feminino, estudar e 

usar a mídia social foi associado a menor AFL e AFMV. Quando os comportamentos 

de movimento de 24 horas autorreferidos foram analisados, as participantes do sexo 

feminino se envolveram em menos atividades físicas autorreferidas, esportes, tempo 

total de tela e tempo de tela de lazer (vídeos, videogames, e mídia social), mas em 

um tempo de tela involuntário maior (trabalhar e estudar) do que os participantes do 

sexo masculino. A idade associou-se positivamente com comportamento de tela 

involuntário e atividades físicas não-esportivas e involuntária. O nível socioeconômico 

associou-se positivamente à atividade física total autorrelatada. Os adolescentes que 

moravam com a mãe praticavam mais esportes do que os que viviam com os dois 

pais. Alimentos não processados foram positivamente associados à atividade física 

total e esportes autorrelatados. Alimentos processados foram inversamente 

associados com atividade física autorreferida e atividade física não esportiva e 

positivamente associados com tempo total de tela e tempo de tela de lazer. O uso de 

álcool foi positivamente associado a atividade física autorreferida, e o tabagismo foi 

negativamente associado à atividade física autorreferida. Nenhuma associação foi 

observada para a duração do sono. Quanto à adesão às diretrizes de movimento de 

24 horas, a proporção de adolescentes atendendo às diretrizes de AFMV, tempo de 

tela, e duração do sono foi de 25%, 28% e 41%, respectivamente, para dados 

autorreferidos. A partir de dados do acelerômetro, 7,1% cumpriram as recomendações 

de duração do sono e 31,7% AFMV. A adesão a todas as três recomendações foi de 

3% com autorrelato e 0,2% com dados do acelerômetro. Os participantes do sexo 

masculino foram mais propensos a atender a recomendação de AFMV, mas não as 

recomendações de tempo de tela e duração do sono. Foi observada uma relação 

positiva entre a idade e o cumprimento da recomendação de tempo de tela. Em 

conclusão, os resultados sugerem que os comportamentos de movimento de 24 horas 

dos adolescentes são influenciados por diversos fatores sociodemográficos e 

comportamentais. A relação entre os comportamentos de movimento de 24 horas 

entre si e com outros fatores pode ser específica por tipo e essa informação pode ser 

particularmente relevante ao planejar e otimizar estudos, intervenções, políticas, e a 

prática profissional no futuro. 
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RESUMO EXPANDIDO 

Introdução 
Atividade física, comportamento sedentário e duração do sono compõem os 
comportamentos de movimento de 24 horas. Os níveis desses comportamentos são 
preocupantes entre os adolescentes brasileiros e muitos fatores podem influenciá-los, 
incluindo comportamentos alimentares, uso de substâncias e fatores 
sociodemográficos como sexo, idade, e nível socioeconômico. As evidências a esse 
respeito são escassas, pois a maioria dos estudos inclui apenas um ou dois dos 
comportamentos do movimento das 24 horas. Assim, o objetivo da presente tese de 
doutorado foi analisar transversalmente os correlatos sociodemográficos e 
comportamentais de comportamentos de movimento de 24 horas medidos por 
acelerômetro e autorreferidos em uma amostra de adolescentes brasileiros 
matriculados no ensino médio integrado à educação técnica. 
 
 
Objetivos 
O objetivo do presente estudo foi analisar fatores sociodemográficos e 
comportamentais associados aos comportamentos de movimento humano das 24h 
medidos por acelerômetro e autorrelato em uma amostra de adolescentes de ensino 
médio integrado com ensino técnico. Os objetivos específicos incluem examinar 
fatores sociodemográficos, alimentares, comportamentos de tela, e de uso de 
substancias associados ao sono, comportamento sedentário, e atividades físicas leve, 
moderada e vigorosa tanto medidos objetivamente quanto por autorrelato. Por último, 
também é objetivo analisar possíveis associações entre fatores sociodemográficos e 
a aderência às recomendações de comportamentos de movimento das 24h. 
 
Metodologia 
Todos os alunos matriculados do primeiro ao sexto semestre do ensino médio 
integrados a cursos técnicos de três campi do Instituto Federal de Santa Catarina na 
mesorregião Grande Florianópolis (Santa Catarina, Brasil) foram convidados a 
participar em 2019. Os participantes foram convidados após a equipe de pesquisa 
explicar a justificativa do estudo, e os participantes foram solicitados a fornecer um 
termo de consentimento assinado pelos responsáveis legais. Os participantes 
receberam um acelerômetro para usar no punho não dominante por sete dias 
consecutivos (avaliação de 24 horas). Uma semana depois, os acelerômetros foram 
recuperados e os alunos foram convidados a responder a um questionário estruturado 
online usando um smartphone. A duração do sono, comportamento sedentário, 
atividade física de intensidade leve (AFL), e atividade física moderada a vigorosa 
(AFMV) foram estimados a partir de acelerometria e sexo, idade, estrutura familiar, 
status socioeconômico, comportamentos alimentares, comportamentos de tempo de 
tela, e o uso de substâncias foram autorrelatados pelos alunos. Os volumes diários de 
cada comportamento de movimento de 24 horas foram estimados, o volume de 
esportes e não esportes, de cada indicador de tempo de tela, de tempo de tela de 
lazer, de tempo de tela involuntário e duração do sono, e a adesão às diretrizes de 
movimento das 24 horas foram usadas para dicotomizar os comportamentos diários 
(ou seja, ≥60 minutos por dia de AFMV, ≤2 horas por dia de tempo de tela recreativa 
e 8-10 horas por noite de sono). Modelos lineares multiníveis foram ajustados para 
identificar as associações dos indicadores de comportamento do movimento de 24 
horas com ajustes para covariáveis relevantes. 
Resultados e Discussão 



 

 

 

 

Quando os resultados da acelerometria foram analisados, as participantes do sexo 
feminino dormiram mais, se envolveram em mais AFL e se envolveram em menos 
comportamento sedentário e AFMV do que os participantes do sexo masculino. Idade 
foi associada positivamente ao comportamento sedentário. Alimentos não 
processados foram positivamente relacionados ao AFL, enquanto alimentos 
processados foram positivamente relacionados ao comportamento sedentário e 
inversamente relacionados a AFMV. Tempo de tela para estudar foi inversamente 
relacionado a AFL e AFMV. O tempo de tela relacionado ao trabalho foi inversamente 
relacionado ao sono e positivamente relacionado ao LPA. Assistir a vídeos foi 
associado a menor AFL e AFMV. Para o sexo masculino, os videogames foram 
associados ao aumento do comportamento sedentário e menores AFL e AFMV. Para 
o sexo feminino, estudar e usar a mídia social foi associado a menor AFL e AFMV. 
Quando os comportamentos de movimento de 24 horas autorreferidos foram 
analisados, as participantes do sexo feminino se envolveram em menos atividades 
físicas autorreferidas, esportes, tempo total de tela e tempo de tela de lazer (vídeos, 
videogames, e mídia social), mas em um tempo de tela involuntário maior (trabalhar e 
estudar) do que os participantes do sexo masculino. A idade associou-se 
positivamente com comportamento de tela involuntário e atividades físicas não-
esportivas e involuntária. O nível socioeconômico associou-se positivamente à 
atividade física total autorrelatada. Os adolescentes que moravam com a mãe 
praticavam mais esportes do que os que viviam com os dois pais. Alimentos não 
processados foram positivamente associados à atividade física total e esportes 
autorrelatados. Alimentos processados foram inversamente associados com atividade 
física autorreferida e atividade física não esportiva e positivamente associados com 
tempo total de tela e tempo de tela de lazer. O uso de álcool foi positivamente 
associado a atividade física autorreferida, e o tabagismo foi negativamente associado 
à atividade física autorreferida. Nenhuma associação foi observada para a duração do 
sono. Quanto à adesão às diretrizes de movimento de 24 horas, a proporção de 
adolescentes atendendo às diretrizes de AFMV, tempo de tela, e duração do sono foi 
de 25%, 28% e 41%, respectivamente, para dados autorreferidos. A partir de dados 
do acelerômetro, 7,1% cumpriram as recomendações de duração do sono e 31,7% 
AFMV. A adesão a todas as três recomendações foi de 3% com autorrelato e 0,2% 
com dados do acelerômetro. Os participantes do sexo masculino foram mais 
propensos a atender a recomendação de AFMV, mas não as recomendações de 
tempo de tela e duração do sono. Foi observada uma relação positiva entre a idade e 
o cumprimento da recomendação de tempo de tela. 
 
Considerações Finais 
A presente tese teve como objetivo analisar correlatos sociodemográficos e 
comportamentais de comportamentos de movimento de 24 horas medidos por 
acelerômetro e autorreferidos em uma amostra de adolescentes brasileiros. Os 
resultados sugerem que sexo, idade, status socioeconômico, estrutura familiar, tempo 
de tela, comportamento alimentar, uso de álcool e uso de tabaco estão associados 
aos comportamentos de movimento de 24 horas, e que as associações podem ser 
específicas do comportamento, específicas do tipo e / ou específico do instrumento. 
O presente estudo complementa a literatura existente ao mostrar que os fatores que 
estão associados ao movimento corporal, sendo o ato de se mover medido pelo 
acelerômetro, não são necessariamente determinantes de como esses movimentos 
estão sendo realizados, em que contexto, e como eles se relacionam com os 
indivíduos que estão se movendo. Essas relações podem ser observadas pela mistura 



 

 

de informações qualitativas e quantitativas, e já foram postuladas antes, mas apenas 
alguns estudos combinaram o protocolo do acelerômetro de 24 horas e dados 
informativos autorreferidos com informações sobre os tipos de atividades como no 
presente estudo. Nossos dados suportam a hipótese de que os tipos de atividades 
são tão importantes quanto a quantidade de movimento. Este não é apenas o principal 
ponto forte do presente estudo, mas os resultados sugerem que novos estudos 
precisam abordar essa hipótese a fim de avançar no campo. 
 
Palavras-chave: atividade física; acelerômetro; sono; comportamento 
sedentário; transversal; adolescentes 

 

  
  



 

 

 

 

ABSTRACT 

 

  Physical activity, sedentary behavior and sleep duration comprise the 24-

hour movement behaviors. Levels of these behaviors are concerning among Brazilian 

adolescents and many factors can influence them, including dietary behaviors, 

substance use and sociodemographic factors such as sex, age, and socioeconomic 

status. Evidence in this regard is scarce as most studies include only one or two of the 

movement behaviors. Thus, the objective of the present doctoral thesis was to cross-

sectionally analyze sociodemographic and behavioral correlates of accelerometer-

measured and self-reported 24-hour movement behaviors in a sample of Brazilian 

adolescents enrolled in high school integrated with professional education. All students 

enrolled in the first to sixth terms of high school integrated with technical courses from 

three campuses of the Instituto Federal de Santa Catarina of the mesoregion Grande 

Florianópolis (Santa Catarina, Brazil) were invited to participate in 2019.  Participants 

were invited after the research team explained the rationale of the study, and 

participants were asked to provide a consent form signed by the legal guardians (for 

the under-aged). The participants were given an accelerometer to wear on the non-

dominant wrist for seven consecutive days (24-hour assessment). One week later, the 

accelerometers were retrieved and students were asked to answer a structured online 

questionnaire using a smartphone. Sleep duration, sedentary behavior, light-intensity 

physical activity (LPA), and moderate-to-vigorous physical activity (MVPA) were 

estimated from accelerometry and sex, age, family structure, socioeconomic status, 

dietary behaviors, screen time behaviors, and substance use were self-reported by 

students. The daily volume of each 24-hour movement behavior, the volume of sports 

and non-sports, of each screen time indicator, of leisure-time screen time, of 

involuntary screen time, and sleep duration were calculated, and the adherence to the 

24-hour movement guidelines was used to dichotomize daily behaviors (i.e., ≥60 

minutes per day of MVPA, ≤2 hours per day of recreational screen time, and 9-11 hours 

per night of sleep). Multilevel linear models were fit to identify the associations of the 

24-hour movement behavior indicators with adjustments for relevant covariates. When 

accelerometry outcomes were analyzed, females slept more, engaged in more LPA, 

and engaged in less sedentary behavior and MVPA than males. Age and sedentary 

behavior were positively associated. Unprocessed food was positively related to LPA, 



 

 

while processed food was positively related to sedentary behavior and inversely 

related to MVPA. Studying was inversely related to LPA and MVPA. Working was 

inversely related to sleep and positively related to LPA. Watching videos was 

associated with lower LPA and MVPA.  For males, videogames were associated with 

increased sedentary behavior and lower LPA and MVPA. For females, studying and/or 

using social media were associated with lower LPA and MVPA. When self-reported 

24-hour movement behaviors were analyzed, females engaged in less total self-

reported physical activity, sports, total screen time, and leisure-time screen time 

(videos, videogames and social media), but in more involuntary screen time (work and 

study) than males. Age was positively associated with non-sports and involuntary SB. 

Socioeconomic status was positively associated with total self-reported physical 

activity. Adolescents who lived with the mother only practiced more sports compared 

to those living with two parents. Unprocessed food was positively associated with self-

reported physical activity and sports. Processed food was inversely associated with 

self-reported physical activity and non-sports and positively associated with total 

screen time and leisure-time screen time. Alcohol use was positively associated with 

self-reported physical activity, and tobacco smoking was negatively associated with 

self-reported physical activity. No associations were observed for sleep duration. As 

for the adherence to the 24-hour movement guidelines, the proportion of adolescents 

meeting the MVPA, screen time, and sleep duration guidelines was of 25%, 28%, and 

41%, respectively, for self-reported data. From accelerometer data, 7.1% met MVPA 

and 31.7% met sleep duration recommendations.  Adherence to all three 

recommendations was 3% with self-report and 0.2% with accelerometer data. Males 

were more likely to meet MVPA, but not screen time and sleep duration 

recommendations. A positive relationship was observed between age and meeting the 

screen time recommendation. In conclusion, the results suggest that the 24-hour 

movement behaviors of adolescents are influenced by several sociodemographic and 

behavioral factors. The relationship between the 24-hour movement behaviors 

between themselves and other factors may be type-specific, and that information may 

be particularly relevant when planning and optimizing future studies, interventions, 

policies, and practice. 

 

Keywords: physical activity; accelerometer; sleep; sedentary behavior; cross-

sectional; adolescents 



 

 

 

 

  



 

 

DOCUMENT STRUCTURE 

 

This Doctoral thesis is structured according to the norm 02/2008 of the 

Programa de Pós-Graduação em Educação Física of the Centro de Desportos of the 

Universidade Federal de Santa Catarina. The present thesis is organized using the 

alternative format described on item 6 of the norm 02/2008. Using this structure, the 

present document has four chapters: 1) Introduction, composed by the rationale and 

justification for the research problem, its objectives and hypothesis; 2) The 

Development, composed by the material and methods, including the operationalization 

of the concepts, description of the instruments and procedures, and the treatment and 

analysis of data; 3) Results and Discussion, presented in the form of four research 

articles; and 4) Final considerations, summarizing the results and conclusions of the 

thesis. These are followed by the sections of references and appendix.  
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1. INTRODUCTION 

 

Sleep, sedentary behavior, and light-, moderate-, and vigorous-intensity 

physical activity are indicators of a continuum of movement behaviors that compose 

the day of each individual1,2. How each person engages in different patterns of these 

behaviors is determinant to several health outcomes, and more active lifestyles have 

been associated with protection from cardiometabolic diseases3–7 and depression8–10, 

beyond providing other biological, social, and psychological benefits5,11,12. However, 

during the lifespan, the movement behaviors constantly change, and while childhood 

is perceived a high engagement in physical activities, studies have shown that 

adolescence is marked by a rapid decline in physical activity levels13–16, increased time 

spent in sedentary behaviors17–20, and sleep deprivation21–23. Such changes may 

reflect accelerated development and access to new technologies which contributes to 

decreased physical activity and increased time spent in sedentary behaviors, with 

increased use of electronic media24,25. 

Multiple studies have shown that physical activity levels decline during 

adolescence using different indicators of physical activity. For example, a longitudinal 

study with 158 adolescents has found a 15.3% decline in accelerometer-measured 

steps in a 1-year follow up of 7th and 9th graders26. A pooled analysis conducted with 

26 studies found a decline of 7.0% of physical activity levels during adolescence; 

however, most studies included analyzed physical activity with self-report instruments, 

and studies included dated back to 1997, when digital media was not as widespread 

and possibly have not impacted the changes in physical activity levels27. However, a 

study that monitored physical activity levels with accelerometers between 2010 and 

2013 in Norway has shown a decline of 712 daily steps, and approximately 8.2 minutes 

per day of moderate-to-vigorous intensity physical activity (approximately 18% of the 

habitual levels)28. Overall, studies concur that the period that composes adolescence 

is marked by a steep decline in physical activity levels. 

The decreasing levels of physical activity may be related to the increasing 

volumes of sedentary behavior observed during adolescence. High volumes of 

accelerometer-measured sedentary behavior, or more recently called stationary 
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behavior29, have been investigated among adolescents30,31, with 9.1 hours per day 

spent in this behavior as shown in a recent study among Australian adolescents31 (15 

year-olds). In the same way, longitudinal studies have shown increasing volumes of 

sedentary behavior during adolescence32–40. A study published in 2013 with 

Vietnamese adolescents found an increase in the range of 69 to 78 minutes per day in 

accelerometer-measured sedentary behavior in five years (from 12 to 16 years)39. A 

study published in 2015 with adolescents (baseline age was 10.2 years) from the 

United Kingdom found an increase of 10.6 minutes/day per year of follow-up in 

accelerometer-measured sedentary behavior in four years36. The high engagement in 

these behaviors have been shown to occur across many periods of the day, with an 

increased  sedentary behavior in the school (8.2%), after school (7%), and weekend 

(6.9%) periods in a longitudinal study of four years with adolescents from the United 

Kindgom35. Longer periods of sedentary behavior have been shown to occur during 

adolescence, as a study found a decrease of over 200 sedentary behavior breaks per 

day over 10 years during the transition from childhood to adolescence40. As observed 

for physical activity, most studies have found that sedentary behavior seems to 

increase during adolescence, as shown by diverse indicators (e.g. self-reported 

minutes, accelerometer minutes, number of breaks per day, screen time). 

Considering the continuum approach in relation to movement behaviors, 

changes in physical activity and sedentary behavior may not be independent from 

sleep behavior1,41, which is also impacted by multiple factors during adolescence21,22. 

A recent cohort study with 3,660 adolescents found that 41.7% of adolescents with 

sleep problems such as nightmares, feeling overtired, or having trouble sleeping at 14 

years still had problems at 2142. A recent study monitored sleep duration of 20,745 

North Americans, and found that during adolescence (12-18 years), participants had a 

lower sleep duration (7.8 and 7.6 hours/night for boys and girls, respectively) compared 

to early adulthood (8.2 and 8.6 hours/night), and later adulthood (9.1 and 9.3 

hours/night)43. The low duration of sleep during adolescence may negatively impact 

health, as current guidelines suggest that adolescents should sleep more hours than 

adults2,44,45. 

Although the movement behaviors have this time-dependent relationship, 

other behaviors may also be associated with less active lifestyles. Dietary behaviors 

play a role in providing enough energy and nutrients for the functions of the organism, 
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and unbalances may negatively impact physical activity46,47 and sleep48–50. In addition, 

specific screen time behaviors, such as watching television, are more strongly related 

to decreased physical activity51,52, compared to playing videogames52. The impact of 

the increased use of social media in movement behaviors is not clear, but some studies 

suggest they are negatively related with sleep duration53–56 and other sleep 

indicators54,55,57. Overall, dietary and screen time behaviors have been shown to be 

predictors of the movement behaviors among adolescents; however, it is not clear if 

they predict changes in these movement behaviors during high school, as longitudinal 

studies with objective measures of all movement behaviors are lacking.  

Assessing movement behaviors using a 24-hour protocol with wrist-worn 

accelerometry has been suggested as a solution of memory bias for self-reported 

measures of these behaviors58–60. This is imperative as most self-reported measures 

include limitations such as memory and social desirability bias, and thus limits the 

accuracy of activities’ frequency, duration and intensity61. However, only more recent 

studies1,58,62 have employed this protocol in studies with adolescents, and in high-

income countries, which depicts a social organization that may not translate into 

middle- and low-income countries. In fact, a recent review analyzing prevalence and 

correlates of the 24-hour movement behaviors and adherence to the recommendations 

for these behaviors found no studies in Brazil using either accelerometer or self-

reported measures of these behaviors.63  

Accelerometer-measured 24-hour movements are accurate to the minute unit 

and prevent memory and social desirability bias.64 However, some qualitative 

information cannot be inferred when using accelerometers, such as type and domain 

of activities. This is important, as different types of sedentary behavior and physical 

activity relate to health in different ways. For example, work-related physical activity 

has been shown to impair health, where leisure physical activity generally enhances 

health.65 These specific subtypes of physical activities and sedentary behavior may 

also differ in relation to their correlates, as some sociodemographic, dietary, and 

substance use factors may be related to specific types of physical activity and 

sedentary behaviors.66,67 For example, alcohol use has been linked specifically with 

participation in sports among adolescents in a review of longitudinal studies.68 This 
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relationship may not be observed for other physical activities, such as commuting or 

doing chores. Drawing a parallel with sedentary behavior, unhealthy snacking has 

been linked specifically to increased television viewing,69 but may not be observed with 

mandatory or involuntary screen time such as the time spent studying or working with 

screen-based devices. Identifying factors associated with specific subtypes of physical 

activity and sedentary behavior may be helpful, as some subgroups such as females 

may need specific interventions to engage in more sports,70 while males may need 

specific strategies to reduce leisure-time sedentary behaviors.30 

Some specific populational subgroups may be at a greater risk for some 24-

hour movement behaviors16,17,20,71–73. For example, studies consistently show that 

females are less active than males13,71,72,74–76, and also have a higher risk for poor 

health during adolescence77. Sedentary behavior and use of smartphones have also 

been shown to be higher among Brazilian adolescent females, compared to males75,78. 

Older adolescents are also less active and engage in more sedentary behaviors 

compared to younger peers75,76. As for sleep-related behaviors, a review has shown 

that low socioeconomic status has been related to worse subjective perception of sleep 

quality, shorter duration, and greater daytime sleepiness79.  

The present cross-sectional study aimed to identify correlates of 

accelerometer-measured and self-reported 24-hour movement behaviors with an 

integrated approach of sleep, sedentary behavior and physical activity. In addition, the 

adherence to public health guidelines for the 24-hour movement behaviors was also 

investigated. The findings of the present study are needed to inform the design of 

interventions and policies by identifying subgroups at greater risk of unhealthy 

movement behavior profiles (e.g. high sedentary time, insufficient sleep and low 

physical activity levels), and behavioral predictors that are modifiable. 

 

1.1. OBJECTIVES 

 

In the following sections are described the general and specific objectives of 

the present study. 

 

1.1.1. General Objective 
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To analyze sociodemographic and behavioral correlates of accelerometer-

measured and self-reported 24-hour movement behaviors in a sample of Brazilian 

adolescents enrolled in high school integrated with professional education. 

. 

 

1.1.2. Specific Objectives 

 

To examine if sociodemographic, dietary, screen time, and substance use 

indicators are correlated with accelerometer-measured sleep duration, sedentary 

behavior, and light-, moderate- and vigorous-intensity physical activity in a sample of 

Brazilian adolescents. 

To test if sociodemographic, dietary, and substance use indicators are 

correlated with self-reported sleep duration, sedentary behavior, and physical activity, 

and the subtypes of physical activity and sedentary behavior in a sample of Brazilian 

adolescents. 

To analyze if sociodemographic indicators are correlated with adherence to 

the 24-hour movement behavior guidelines using accelerometer-measured and self-

reported sleep duration, sedentary behavior, and physical activity in a sample of 

Brazilian adolescents. 
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 2. DEVELOPMENT 

 

2.2. MATERIAL AND METHODS 

 

2.2.1. Study design 

This Doctoral thesis study has a cross-sectional observational design80, being 

part of the Longitudinal Study of the Lifestyle of Adolescents (ELEVA, eleva.ufsc.br). 

 

2.2.2. Ethical concepts of the study 

The participation of the students in this study was authorized by the coordinator 

of research of the Colégio de Aplicação of the Universidade Federal de Santa Catarina 

(UFSC) (pilot phase, Appendix A), and by the principal (Appendix B, C, and D), Pro-

Rectory of Research, Graduate and Innovation (Attachment E) of the Institutos 

Federais de Educação Tecnológica de Santa Catarina (IFSC).  

Adolescents had to provide written informed consent signed by the 

parents/guardians (TCLE, Appendix F), and the terms of free and informed assent 

signed by themselves (TALE, Appendix G). All the guidelines established in resolutions 

196 and 466 of the National Health Council were observed in the design of this study. 

The present research project was approved by the Ethics Committee in Research with 

Human Beings of the UFSC (protocol number: 3.168.745, Appendix H). Each 

participating school will receive a final report with the results of the survey, which 

should be presented to the school community by the research team. Due to the COVID-

19 pandemic, the in-person presentation of the results was postponed, but some of the 

results of the study are being presented in video form that can be assessed by 

students, managers, and teachers. 

 

2.2.3. Population and sample 

The study population was composed by students of the IFSC enrolled in high 

school courses integrated to technician courses in the campuses located in the 

mesoregion of Grande Florianópolis, in the Santa Catarina State, Brazil.  

Santa Catarina has more than 20 campuses of IFSC, with 156 technical 

courses available, of which 41 are integrated to high school courses (TIEM) in the 

same institution (with other courses being subsequent or concomitant to high school). 
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The metropolitan region of Florianópolis groups the largest proportion of students of 

TIEM students in three campuses (Florianópolis Centro, Palhoça and São José), with 

2,468 students of the 5,530 (approximately 45%) students regularly enrolled in TIEM 

courses in all the state of Santa Catarina in 201781. 

Florianópolis is the capital of the Santa Catarina State, inside the mesoregion 

Grande Florianópolis. The municipality has 421,000 inhabitants, and a Human 

Development Index (HDI) of 0.847, the third highest of the country in 2010, and the 

highest amongst the Brazilian State capitals. The Gini Index (the closer to zero, there 

is the less social inequality) was of 0.54 in 201082. São José is, with 209,000 

inhabitants, HDI of 0.809, in the very high stratum (above 0,8), and Gini index of 0.4482. 

Palhoça is a city in the Santa Catarina State, inside the mesoregion Grande 

Florianópolis. The municipality has 137,000 inhabitants and HDI of 0.757, with Gini 

index of 0.4082. 

The IFSC are part of the national technical education network, which began in 

1809 after the creation of the College of Factories by the then Prince Regent D. João 

VI. Since then, the network has been systematized and updated to meet the different 

demands of technical and professional education in the country. It is currently a federal 

network of Institutes of Technological Education that covers all the Brazilian states, 

offering technical courses, undergraduate and graduate courses, in addition to other 

short-duration courses83.  

The enrollment to the IFSC network works according to the type of course. 

Most of the TIEM courses have the entrance done through a classification examination, 

with few exceptions of campuses that adopt the electronic random draw as a form of 

selection. Students are eligible to take the Classification Examination if they have 

completed elementary school. TIEM courses offered at the Palhoça-Bilingual campus 

are Visual Communication and Translation and Interpretation of Libras/Portuguese; in 

Campus São José, the courses are Refrigeration and Air Conditioning and 

Telecommunications; and at the Campus Florianópolis-Centro are Edification, 

Electronics, Electrotechnology, Chemistry and Sanitation. 
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The courses have a duration of six to eight semesters/terms, integrating the 

hours of high school, with the characteristic of basic education, and technical 

education, with an increase of specific subjects by area of knowledge. 

The only inclusion criterion for the ELEVA study was to be enrolled in the first 

to sixth terms of a TIEM course offered at an IFSC campus in the Grande Florianópolis 

mesoregion in the year of 2019. The only exclusion criterion for participation in the 

research was students who presented with a disability or injury that prevented them 

from participating in the collection of study variables (for example: students wearing a 

plaster on the arm that prevented the use of accelerometer). Every student enrolled in 

the first to sixth terms of a TIEM and present at the data collection dates were invited 

to participate.  

 

2.2.4. Measurement of variables 

The variables of interest were measured using an online questionnaire.  Body 

mass and stature were objectively measured, and accelerometers were used to assess 

24-hour movement behaviors.  In relation to the questionnaire, the questions and 

response options can be found in Appendix 9 and in the link of the questionnaire (link: 

https://pt.surveymonkey.com/r/7753PQ6). 

 

2.2.4.1. Physical Activity 

Actigraph accelerometers, models Gt3x+, wGt3x+, and wGt3x+bt, with 

dynamic range of ± 6 g and sampling frequency range of 30–100 Hz (ActiGraph 

Corporation, Pensacola, Florida, USA) were used to measure sleep, sedentary 

behavior, and physical activity. Accelerometers were used in the non-dominant wrist84–

86 and data was analyzed in acceleration measures proportional to the acceleration of 

gravity, g. The intensity of activities was classified as sedentary behavior (equivalent 

to <1.5 METs), light (LPA, between 1.5 and 3 METs), and moderate and vigorous 

(MVPA, above 3 METs). All analyses were conducted according to recommended 

methods60,87–89. Accelerometers were charged, initialized, and data were downloaded 

by trained researchers, using 30 Hz as sampling frequency.  

 

2.2.4.2. Sedentary behavior 
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Sedentary behavior was operationalized as two independent indicators in the 

present study. The first is accelerometer-measured sedentary behavior, which refers 

to waking behaviors done while lying, reclining, sitting or standing with no ambulation29.  

 The second indicator of sedentary behaviors is screen time, which was 

measured using a standardized questionnaire named “Questionnaire of the Screen 

Time of Adolescents (QueST)”, developed for the present study.90 In this instrument, 

five components of screen time are measured: time spent working or doing work-

related tasks exclusively on a screen, time spent studying or watching video classes 

and doing homework exclusively on a screen, time spent watching media in the format 

of videos like series or movies, time spent playing in electronic devices, and time spent 

using social media and chat applications. Daily volume in minutes spent on each 

activity while using electronic devices was reported for weekdays and weekend days. 

The description of each question can be observed in the attached questionnaire 

(Appendix 9). 

This instrument was created for the present study as other instruments to 

measure sedentary behavior evaluate the electronic device (e.g. television, computer, 

videogame), with questions related to the time watching television, in the computer and 

cellphone, without identifying the type of activity being done (e.g. playing, watching 

videos, using social media)91. This instrument innovates in this sense, identifying the 

type of activity, as adolescents can commonly watch movies on the television, on the 

computer and/or on the cellphone. Identifying the type of screen behavior can 

contribute to a new understanding of sedentary behavior, especially when sedentary 

activities can impact health in different ways, as evidenced by the WHO, which 

included addiction in video games as a disease in the eleventh revision of the 

International Classification of Diseases (ICD-11)92. This instrument underwent a 

validation process, involving expert consultation, evaluation of objectivity 

(questionnaire content validation index of 0.98), clarity (every item was considered 

clear or very clear by 95% or more by the participating students), and reproducibility 

(intraclass correlations ranging from 0.24 to 0.76), being tested in the pilot study of the 

ELEVA. 
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2.2.4.3 Sleep 

Sleep duration was derived from the accelerometry data93. This procedure was 

validated for adolescents using polysomnography as reference measure93,94. Although 

no study with adolescents has yet been published using the Heuristic algorithm looking 

at Distribution of Change in Z-Angle presented by Van Hees (2018)93, this procedure 

has been validated and yields good estimates of sleep period time, sleep duration and 

efficiency with adults (c-statistic of 0.86 for detecting sleep period time versus 

polysomnography). 

Participants reported the time they habitually went to bed and woke up on 

weekdays and weekend days, and self-reported sleep duration was calculated as the 

difference between both. 

 

2.2.4.4. Covariates 

Socio-demographic indicators of sex, age, and family structure (living with 

father and/or mother) were measured using questions used on the National School 

Health Survey (PeNSE)95. Socioeconomic status was assessed by asking the 

ownership of household belongings according to the Brazilian Association of Research 

Companies96 (e.g. number of owned cars, refrigerators, computers). 

Dietary habits were assessed using questions that were used in the PeNSE, 

which were also used in national-wide studies with Brazilian adolescents97, and have 

good validation indexes (accuracy indexes varying from 59.8 to 88.4, versus 24-h 

recall)98. In these questions students report the number of days in the week preceding 

the study in which they consumed: beans; raw or cooked vegetables; raw salad; 

vegetables cooked in the food or soup; fresh fruit or fruit salad; milk; treats; biscuits, 

crackers, packet snacks or fried cheap packet; sweet biscuits; salty crackers; fried or 

salted fried snacks; sausages; soft drinks; beverages with sugar; juices or 

refreshments, teas, flavored waters, isotonic, soy-based drinks. 

 

2.2.5. Procedures 

The evaluation of the variables of interest took place between the months of 

August and December of 2019.  

The campuses were visited by the research team, when they presented the 

research to the adolescents in the classroom, clarifying the nature and procedures of 
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the project, inviting all eligible students to participate, and delivering two copies of the 

TALE (Appendix F) and TCLE (Appendix G) for the students. The students were 

oriented to deliver the signed consent forms to the physical education teacher or the 

researchers in the follow-up visit. The research projected a video explaining the 

rationale of the research and its measures. The video was developed by the research 

team, in the Brazilian Portuguese language, and can be checked in the following link: 

https://www.youtube.com/watch?v=VnlL9mmuVy0&feature=youtu.be.  

In a follow-up visit, the research team returned to the classrooms to collect the 

TCLEs and make the first measurements of the study. Students were asked to go to 

the physical education room, where body mass and stature measurements were 

conducted by trained researchers. Students wore light clothes, and measures of 

stature were conducted two times to the nearest 0.1 centimeter using the Alturaexata® 

stadiometer (Belo Horizonte, Brazil) and the average value of both measures was 

used. For the body mass measurement, a trained researcher conducted the 

measurement to the nearest 0.1 kg using the Welmy W300 scale (Santa Bárbara 

d’Oeste, Brazil). The team was trained by experienced researchers with level 3 course 

of the International Society for the Advancement of Kineanthropometry (ISAK), and the 

inter- (between 0.24 and 0.40, where values below 1 are acceptable), and intra-rater 

(between 0.07 and 0.28, where values below 1 are acceptable) variability was 

measured in the pilot study with 24 students. After the measurements, the 

accelerometers were delivered to each student in the same room by trained 

researchers who instructed students to use the device on the non-dominant hand wrist 

for seven days, and gave the orientations to not open the monitor and contact the team 

if they had any questions. Accelerometers were fixed using disposable PVC band 

(model Superband Fina 460, TAG Comércio de Materiais de Identificação, São Paulo, 

Brazil), as can be observed in the Appendix J.  

In a third visit, the team retrieved the accelerometers and oriented the students 

to answer to the online questionnaire, hosted in the SurveyMonkey platform. 

Researchers wrote the link to the questionnaire in the whiteboard and students were 

asked to follow up the instructions and ask any questions they had. For students who 

did not have smartphones, tablets and notebooks were offered for them to use for 

https://www.youtube.com/watch?v=VnlL9mmuVy0&feature=youtu.be
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answering the questionnaire. Students could use the schools’ wireless internet 

connection, and researchers also hosted wireless connection if needed. The average 

duration for the completion of the questionnaire was 24 minutes. Accelerometers were 

taken to the laboratory for download and processing.  

All meetings were scheduled with the management team of each campus, 

according to the availability of infrastructure. Students who missed the classes at some 

stage of data collection were invited to participate with another class on the subsequent 

data collection date of that campus. 

 

2.2.6. Treatment and reduction of data 

 

2.2.6.1.  Accelerometer data 

Accelerometer data were obtained from the accumulated acceleration in each 

5-s epoch60,99,100. Data were downloaded in the .gt3x file extension using the Actilife 

software, version 6.8.11 for Windows, and raw data were then saved in a .csv file with 

timestamps for each participant. The .csv file was processed in the GGIR package for 

R101. Accelerometer wear-time was calculated, and those who used the 

accelerometers for more than 16 hours per day, for four days a week and including a 

weekend day, were included in the analyses, as recommended for this age group60. 

Acceleration was classified as MVPA (activities above 201.4 mg), LPA 

(activities between 35.6 mg and 201.4 mg), and sedentary behavior (activities below 

35.6 mg) using the cutoffs that Hildebrand et al.102,103 recommend for this age group. 

Sleep duration was derived from the accelerometry data using the Heuristic algorithm 

looking at Distribution of Change in z-Angle.104 This algorithm differentiates sleep from 

other inactivity windows (operationalized in the present study as sedentary behavior) 

by calculating the longest sustained period of inactivity (calculated based on changes 

in the angle of the wrist) with the lowest number of interruptions in a 24-h time window. 

 

2.2.6.2. Questionnaire data 

Questionnaire data were downloaded from the SurveyMonkey platform and 

merged with adolescents’ entry from the control list, accelerometer data, and body 

mass and stature data using their school identifier. The control list had indicators of 

their campus, course and term, as well as dummy variables for each stage they 
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participated (e.g., one if they received an accelerometer and zero if not). Participants’ 

data were then checked for incompleteness. 

A factor analysis was used to create latent variables to represent different 

dietary patterns in two steps. Firstly, exploratory factor analysis was conducted and 

revealed that a two-factor solution was sufficient to represent the dietary patterns with 

adequate Keiser-Meyer-Olkin measure of sampling adequacy (0.67), using the Kaiser 

criterion (Eigen >1) to identify the number of factors. This model was estimated using 

maximum likelihood, using orthogonal varimax rotation. The only variable indicator with 

unstandardized factor loading lower than 0.40 was the beans, and it was dropped from 

the final model. In the second step, confirmatory factor analyses were used to calculate 

standardized factor loadings of the two factors named ‘Unprocessed food’ and 

‘Processed food’ (Article 1: Supplementary table 1). The first factor was composed of 

two indicators, vegetables, and fresh fruits, and the second was composed of salted 

fried food, sweets, soda, ultra-processed sausages, and fast food. For each factor, a 

score was calculated for each participant based on their response pattern, and the 

estimated latent variables were rescaled from 0-10 for ease of interpretation, where 

higher values refer to high consumption of unprocessed food/processed food, 

respectively.  

Self-reported sedentary behavior was measured by proxy of screen time 

across four variables: time spent studying, working, watching videos (e.g., series, 

news, sports, streams, and movies), and playing video games using screen-based 

devices. Daily screen time was calculated by weighting the volume on weekends by 2 

and on weekdays by 5. Three continuous variables were calculated: the total volume 

of sedentary behavior, by summing the daily volume of the four indicators; the 

involuntary sedentary behavior, by summing time spent studying and working; and the 

leisure-time sedentary behavior, by summing the time spent watching videos and 

playing video games. When used as independent variable, screen time indicators were 

classified in categories including: <2 h/day, ≥2 h and <4 h/day, and ≥4 h/day. 

The self-reported habitual sleep duration was calculated by weighting the 

volume on weekends by 2 and on weekdays by 5, and was treated as a continuous 

variable. 
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For analyzing adherence to the 24-hour movement behavior guidelines,105 

both self-reported and accelerometer-measured physical activity were dichotomized if 

the daily average duration in MVPA was above/below 60 minutes, if the self-reported 

leisure-time screen time average was above/below 2 hours, and if the sleep duration 

was between 8 and 10 hours/night. 

Socioeconomic status (SES) was  analyzed according to the 2019 Criteria 

Brazil guidelines106 where a score ranging from 0-100 is estimated based on their 

possession of household items list, highest level of instruction of the provider, and 

indicators of public services (having piped water in the household, and living in a paved 

street). 

 

 

2.2.7. Statistical analyses  

Characteristics of the sample were described using means and standard 

deviations for continuous and relative and absolute frequencies for categorical 

variables.  

To address the objectives of the present study, different statistical approaches 

were adopted on each individual article. All analyses were conducted using R (software 

version 4.0, R Foundation for Statistical Computing, Vienna, Austria). The multilevel 

models were estimated using the package lme4.107 Different multilevel models were fit 

to test the associations, but a similar hierarchical structure was adopted, with 

participants nested within schools. In addition, models were checked for normality of 

residuals, heteroscedasticity and collinearity. For all associations, significance was set 

at p<0.05 (two-tailed).  

In the first article, the associations between the sociodemographic, dietary, 

and substance use factors with each of the 24-hour movement behaviors were tested 

using multilevel linear regression analyses. Models were mutually adjusted for each 

other independent variables. Sex, age, and SES interactions were tested for each 

indicator of dietary pattern and substance use for each outcome (sleep duration, 

sedentary behavior, LPA, and MVPA). However, no statistically significant interaction 

effects were observed, and only the main effects were included in the final models. A 

random intercept was estimated to account for the structure of participants nested 

within schools using the Restricted Maximum Likelihood (REML) method. Associations 
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were presented in minutes per day as coefficients and 95% confidence intervals (CI) 

for sleep duration, sedentary behavior, LPA, and MVPA for ease of interpretation. 

To test the association between screen time indicators (studying, working, 

watching videos, playing videogames, using social media) and sleep duration, 

sedentary behavior, LPA, and MVPA, multilevel linear regression analyzes were fit. 

These results are documented in the second article. When interaction effects between 

sex and screen time indicators were observed, screen time slopes for each level of sex 

were computed by linear combination of coefficients. The variable of MVPA was log-

transformed to correct skewness.  

To answer the second specific objective,  the associations between 

sociodemographic (sex, age, SES, family structure), dietary (unprocessed food score, 

processed food score), and substance use (alcohol use, tobacco use, illicit drugs 

experimentation) with sleep duration, total sedentary behavior, leisure-time sedentary 

behavior, and involuntary sedentary behavior, multilevel linear regression models were 

estimated using Restricted Maximum Likelihood approach, and 95% confidence 

intervals were also estimated. The results are presented in article 3. For total physical 

activity, sports, and non-sports physical activity, generalized linear multilevel models 

with the Gamma family were fit using the Adaptive Gauss-Hermite Quadrature, and 

95% confidence intervals were calculated. This was used as all physical activity 

indicators were right-skewed, and the Gamma models are recommended for such 

distributions and provided better residuals.108 All models were mutually adjusted for all 

independent variables. 

In the fourth article, analyses to answer the third specific objective are 

presented. Comparison of characteristics between those who provided valid 

accelerometer data and those who did not was conducted using Student’s t-tests and 

Pearson’s Chi Squared tests. Mixed-effects logistic regression analyses were fit using 

adherence of all and each 24-hour movement behavior variables as dependent 

variables, and sociodemographic variables. Categorical variables were sex, family 

structure, and parental education, whereas age (in years), SES (in 0-100 score), and 

number of people in the household (count of people) were continuous.  
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2.2.8. Pilot Study 

 

The ELEVA research procedures were tested in a pilot study conducted in the 

first semester of 2019, at the Colégio de Aplicação of the UFSC. In the pilot study, the 

instruments and the logistics of the data collection protocol were tested. The Colégio 

de Aplicação was chosen as to mimic the IFSC infrastructure, as they offer high school 

in a school environment linked to the federal public-school system, like the IFSC. 

Of the 203 eligible students present at data collection, 161 provided signed 

consent forms and participated in the study. Of this total, 151 had complete 

questionnaire data, one was dropped due health complications, two refused to wear 

the accelerometers, four had lost or broken the accelerometer and 26 did not provide 

valid data for accelerometer analyzes. A final analytic sample was composed of 118 

students (67% girls, mean age 16.3 years), and 104 completed test and re-test of the 

questionnaire. 

Some adjustments were made to the questionnaire form to improve its 

application (e.g. some questions were moved to different pages and logic was applied 

to skip non-applicable questions). In addition, the PVC band was tested and approved 

by students to secure the accelerometer to the wrist. 
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Abstract  

Introduction 

Several sociodemographic characteristics and lifestyle behaviors can be related to 

sleep, sedentary behavior, and physical activity. The aim was to examine the 

association between sociodemographic, dietary, and substance use factors and 

accelerometer-measured 24-hour movement behaviors in a sample of Brazilian 

adolescents. 

Methods 

Adolescents reported sex, age, socioeconomic status (SES), family structure, dietary 

behaviors, and substance use behaviors. Sleep duration, sedentary behavior, light- 

(LPA), and moderate-to-vigorous physical activity (MVPA) were estimated with wrist-

worn accelerometry. 

Results 

Females slept more (β=21.09, 95%CI 13.18; 28.98), engaged in more LPA (β=17.60, 

95%CI 8.50;27.13), and engaged in less sedentary behavior (β=-16.82, 95%CI -

30.01;-4.30) and MVPA (β=-4.76, 95%CI -7.48;-1.96) than males. Age and sedentary 

behavior were positively associated (β=8.60, 95%CI 2.53;14.64). Unprocessed food 

was positively related to LPA (β=2.21, 95%CI 0.55;3.92), while processed food was 

positively related to sedentary behavior (β=3.73, 95%CI 0.03;7.38) and inversely 

related to MVPA (β=-0.89, 95%CI -1.68;-0.10). Family structure, SES, and substance 

use factors were not significantly associated with any 24-hour movement behavior. 

Conclusion 

Sex, age, and dietary behaviors, but not SES or substance use, were associated with  

24-hour movement behaviors in this sample of Brazilian adolescents, and are 

important factors to consider in intervention, policy, and practice. 

Key words: physical activity, sedentary behavior, sleep, public health, accelerometry 

 

Introduction 

The 24-hour movement behaviors are composed of physical activity of light 

(LPA) and moderate-to-vigorous (MVPA) intensity, sedentary behavior, and sleep 
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duration. A significant body of evidence indicates that these behaviors are related to 

several health outcomes during adolescence.109–112 Considering the relationship of 

these behaviors with health, the low engagement in physical activity,113 high 

involvement in sedentary behaviors,30 and high prevalence of short sleep duration114 

amongst adolescents is concerning. Accordingly, there is a need to better understand 

what factors are related to each of the 24-hour movement behaviors during 

adolescence, as past research has shown that these behaviors formed during this 

important developmental transition track into adulthood.13,17 Many factors may 

influence the 24-hour movement behaviors of adolescents, including dietary behaviors, 

substance use, and sociodemographic factors such as sex, age, and socioeconomic 

inequalities.30,72,115 

Dietary patterns have been associated with the 24-hour movement behaviors 

in different studies,69,116–121 as optimal availability of micronutrients and energy-yielding 

nutrients influence the regulation of hormones, modulating the feelings of tiredness 

and energy levels, and impacting sleep, physical activity, and sedentary behaviors. 

The literature indicates that high consumption of snacks, fast food, and sugar-

sweetened beverages and lower consumption of fruits and vegetables was related to 

higher time in sedentary activities and lower levels of physical activity in studies with 

Australian122 and United States123 adolescents. 

The experimentation and use of alcohol, tobacco, and even illicit drugs have 

been shown to occur during adolescence as well.124 These behaviors have been 

associated with the 24-hour movement behaviors, with research showing a positive 

relationship between using alcohol and tobacco, and increased sedentary behavior 

among 32,696 Asian adolescents.125 Substance use has also been negatively 

associated with sleep in a study analyzing trends from 1991 to 2014 in nationally 

representative samples of adolescents from the United States.126 In contrast, the use 

of alcoholic beverages has been associated with higher engagement in physical 

activity among adolescents.127 It may be that in sports practice and events, social 

interactions may increase the exposition of adolescents to alcohol intake. However, 

alcohol ingestion results in acute and chronic effects that disrupt sleep.128 Overall, 

research suggests that substance use impairs sleep and promotes sedentary 
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behaviors, and except for alcohol, which may be positively related to physical activity, 

they are likely to be associated with unhealthy 24-hour movement behaviors. 

Most of the previous and limited literature that examined the relationship 

between socioeconomic, dietary, and substance use factors with sleep, physical 

activity, and sedentary behavior have been conducted in high-income countries, and 

findings may not be applicable to low- and middle-income settings, where differences 

in culture, laws, and social organization can differ greatly. For example, Brazil has a 

large production of fruits, vegetables and meat compared to most high-income 

countries and has unique dietary patterns with most of the population routinely 

consuming unprocessed food like rice and beans daily;129 however, health inequalities 

are also exacerbated,130 while also having a successful history of decreasing tobacco 

smoking.131 Additionally, the measurement of 24-hour movement behaviors may also 

play a role in findings from previous studies, since the majority of previous research 

included self-reported measures of these indicators, which may be prone to memory 

bias among adolescents. The use of standardized accelerometry-measured behaviors 

is desirable to expand the current knowledge about this topic area. Identifying factors 

associated with each of the 24-hour movement behaviors can better inform policies, 

interventions, and practice to improve physical activity, reduce sedentary behavior and 

achieve sufficient sleep, which is desirable for adolescents in middle-income settings. 

Therefore, the objective of the present study was to examine the association between 

sociodemographic, dietary, and substance use factors and accelerometer-measured 

24-hour movement behaviors in a sample of Brazilian adolescents. 

 

 Material and Methods 

Study design and participants 

The present study analyzed data from the baseline cross-sectional sample of 

the study called Estudo Longitudinal do Estilo de Vida de Adolescentes (ELEVA). 

Briefly, the ELEVA study aims to monitor changes in lifestyle behaviors during high 

school. The baseline measures were conducted between August and December 2019, 

in three campuses of the Federal Institutes of Technology in the mesoregion Grande 

Florianópolis, Southern Brazil, where all students enrolled in first to third years of high 

school integrated with professional courses were invited to participate (age range: 14-

18 years). A total of 1,618 students were listed as enrolled by the schools, and 1,249 
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were present at data collection and were invited to participate, of which 1,010 (62% of 

the eligible students) provided signed assent and consent forms. The present research 

project was approved by the Ethics Committee in Research with Human Beings of the 

Universidade Federal de Santa Catarina (protocol number: 3.168.745). 

 Measures 

24-hour movement behaviors 

Sleep duration, sedentary behavior, LPA, and MVPA were measured using 

Actigraph accelerometers (ActiGraph Corporation, Pensacola, Florida, USA), model 

GT3x+ and wGT3x+. Participants were oriented to wear the accelerometers for seven 

consecutive days, 24 hours per day, except for activities where the accelerometer 

would be submerged into water (e.g., surfing or swimming, but not showering or 

washing dishes). Accelerometers were secured by a disposable PVC band, and each 

participant received at least two bands, in case they had to take the accelerometer off 

for any activity (e.g., airport security, swimming lessons). Accelerometer wear time was 

checked and participants with at least three weekdays and one weekend day with 16 

or more hours of valid data per day were included in the analyses. Accelerometers 

collected data using a 30 Hz sampling frequency, and data were analyzed in 5 s 

epochs, using the cut-offs of Hildebrand et al.,102,103 for this age group to classify 

sedentary behavior (activities bellow 35.6 mg), LPA (activities between 35.6 mg and 

201.4 mg), and MVPA (activities above 201.4 mg). Sleep was calculated using the 

Heuristic algorithm looking at the Distribution of Change in Z-Angle.93 Accelerometers 

were initialized and data were downloaded using the software Actilife, version 6.8.11 

for Windows (ActiGraph Corporation, Pensacola, Florida, USA), and analyzed using 

the GGIR package. 

Dietary patterns 

Participants reported the weekly frequency in days they consumed beans, 

vegetables, fresh fruits, salted fried food, sweets, soda, ultra-processed sausages, and 

fast food. The question was structured as follows: ‘In the last seven days, how many 

days did you consume [type of food]?’ These questions have been previously validated 

for Brazilian adolescents.98 
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A factor analysis was used to create latent variables to represent different 

dietary patterns in two steps. Firstly, exploratory factor analysis was conducted and 

revealed that a two-factor solution was sufficient to represent the dietary patterns with 

adequate Keiser-Meyer-Olkin measure of sampling adequacy (0.67), using the Kaiser 

criterion (Eigen >1) to identify the number of factors. This model was estimated using 

maximum likelihood, using orthogonal varimax rotation. The only variable indicator with 

unstandardized factor loading lower than 0.40 was the beans, and it was dropped from 

the final model. In the second step, confirmatory factor analyses were used to calculate 

standardized factor loadings of the two factors named ‘Unprocessed food’ and 

‘Processed food’ (Supplementary Table 1). The first factor was composed of two 

indicators, vegetables, and fresh fruits, and the second was composed of salted fried 

food, sweets, soda, ultra-processed sausages, and fast food. For each factor, a score 

was calculated for each participant based on their response pattern, and the estimated 

latent variables were rescaled from 0-10 for ease of interpretation, where higher values 

refer to high consumption of unprocessed food/processed food, respectively.  

 

Substance use 

The following questions were used to assess substance use related to smoking 

and alcohol consumption: “During the past 30 days, on how many days did you have 

smoke cigarettes?”; “During the past 30 days, on how many days did you have at least 

one drink containing alcohol?”. Participants who smoked at least once, and drank 

alcohol at least once were classified as Smokers (vs non-smokers) and Drinkers (vs 

non-drinkers), respectively. Regarding drug experimentation, students answered the 

following question: “Have you ever used a drug like: marijuana, cocaine, crack, 

ecstasy, etc.?”. Those who reported ‘Yes’ were classified as having experimented. 

These questions have been previously used in Pesquisa Nacional de Saúde do Escola 

(PeNSE).132 

Sociodemographic factors 

Sex, age, socioeconomic status (SES), and family structure were assessed via 

questionnaire. Sex was retrieved as males or females, age was answered in completed 

years, and participants reported if they lived with either mother, father, both, or none. 

SES was calculated using a standardized score calculated using the number of 

household belongings (e.g., televisions, computers, washing machines) specifically 
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developed to assess a nationally comparable socioeconomic level in Brazil.106 The 

score ranges between zero and 100, with higher values indicating a higher SES. 

 

Procedures 

Participants were recruited during class time, by trained researchers who 

explained the study and played a video detailing the protocol and measures. Students 

received assent forms to sign and consent forms for their legal guardians or parents to 

sign. In a second visit, approximately one week after the first, those who provided 

written informed consent and assent forms had their body mass and stature measured 

by trained researchers and received the accelerometer. In the last visit, one week after 

the second one, the accelerometers were retrieved and participants answered the 

study survey, which took an average of 24 minutes to complete. The survey was hosted 

on an online platform, and adolescents answered using smartphones, tablets, or 

computers.  

 

Statistical analyses 

The characteristics of the sample were described using means and standard 

deviations for continuous variables, and absolute and relative frequencies for 

categorical variables. Associations between the sociodemographic, dietary, and 

substance use factors with each of the 24-hour movement behaviors were tested using 

multilevel linear regression analyses. Models were mutually adjusted for each other 

independent variables. Sex, age, and SES interactions were tested for each indicator 

of dietary pattern and substance use for each outcome (sleep duration, sedentary 

behavior, LPA, and MVPA). However, no statistically significant interaction effects 

were observed, and only the main effects were included in the final models. In addition, 

the collinearity between the variables was checked and there was no collinearity in any 

model. A random intercept was estimated to account for the structure of participants 

nested within schools using the Restricted Maximum Likelihood (REML) method. 

Associations are presented in minutes per day as coefficients and 95% confidence 

intervals (CI) for sleep duration, sedentary behavior, LPA, and MVPA for ease of 

interpretation. The statistical analyses were performed in R  (software version 4.0, R 
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Foundation for Statistical Computing, Vienna, Austria) using the packages lavaan and 

psych for the factorial analyses and lme4 for the multilevel regression analyses. 

Statistical significance was set at a p value of less than 0.05.  

 

Results 

Out of the 1,618 eligible participants, 1,010 participants provided written 

informed consent (62%), 856 answered the questionnaire (i.e., no missing data in any 

questionnaire variable), 762 provided valid accelerometer data (i.e., valid data in 4 or 

more days including at least one weekend day), and a total of 615 had valid data on 

all study measurements and were thus included in the present analyses. No statistically 

significant differences were found for sex, age, or SES between those who provided 

valid and non-valid accelerometer data (data not shown). Table 1 shows the descriptive 

statistics of the 615 students included in the analysis.  

 

Table 1. Characteristics of the sample [Mean ±SD or n (%)]. 

  

Total sample 

(n=615) 

Female 

(n=316) Male (n=299) 

Age (years) 16.33 ±1.04 16.34 ±1.04 16.32 ±1.04 

SES score (0-100) 48.81 ±9.96 48.11 ±9.65 49.54 ±10.24 

Family structure [n (%)] 
   

Live with both parents 390 (63.4) 195 (61.7) 195 (65.2) 

Live with mother 165 (26.8) 89 (28.2) 76 (25.4) 

Live with father 25 (4.1) 13 (4.1) 12 (4.0) 

Other 35 (5.7) 19 (6.0) 16 (5.4) 

Dietary behavior 
   

Unprocessed food (0-10) 6.06 ±2.94  6.31 ±3.02  5.81 ±2.84  

Processed food (0-10) 3.84 ±1.82  3.75 ±1.88  3.94 ±1.77  

Alcohol use in the last 30 days [n 

(%)] 
   

No 373 (60.7) 186 (58.9) 187 (62.5) 

Yes 242 (39.3) 130 (41.1) 112 (37.5) 

Tobacco use in the last 30 days [n 

(%)] 
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No 570 (92.7) 289 (91.5) 281 (94.0) 

Yes 45 (7.3) 27 (8.5) 18 (6.0) 

Illicit drug experimentation [n (%)]    

No 510 (81.5) 289 (75.9) 261 (87.3) 

Yes 114 (18.5) 76 (24.1) 38 (12.7) 

24-hour movement behaviors 
   

Sleep duration (hours/night) 6.57 ±0.8  6.72 ±0.87  6.40 ±0.76  

Sedentary behavior (hours/day) 10.26 ±1.34  10.06 ±1.28  10.47 ±1.38  

LPA (hours/day) 4.20 ±0.98  4.38 ±0.90  4.02 ±1.03  

MVPA (minutes/day) 31.21 ±17.30  29.38 ±14.99  33.14 ±19.28  

SES: socioeconomic status; SD: standard deviation; LPA: light-intensity physical activity; 

MVPA: moderate-to-vigorous physical activity. 

 

Table 2 shows the associations between sociodemographic factors and dietary 

behaviors with 24-hour movement behaviors. After mutual adjustment, it was observed 

that females slept an average of 21.1 minutes per night more than males, engaged in 

17.6 more minutes of LPA per day, and engaged in less sedentary behavior and less 

MVPA compared to males. Age was positively associated with sedentary behavior, the 

score of unprocessed food pattern was positively related to LPA, while the score of 

processed food was positively related to sedentary behavior and inversely related to 

MVPA. Family structure, SES, the use of alcohol, tobacco, and experimentation of illicit 

drugs were not significantly associated with any 24-hour movement behavior. 
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Table 2. Association between sociodemographic, dietary and substance use factors 

and accelerometer-measured sleep duration, sedentary behavior, light-intensity 

physical activity, and moderate-to-vigorous physical activity in a sample of Brazilian 

adolescents (n=615). 

  

Sleep 

duration 

(minutes/da

y) 

Sedentary 

behavior 

(minutes/day) 

LPA 

(minutes/da

y) 

MVPA 

(minutes/da

y) 

 

Coef 

(95%CI) 
Coef (95%CI) 

Coef 

(95%CI) 

Coef 

(95%CI) 

Sex 
    

Male Reference Reference Reference Reference 

Female 

21.09 (13.18; 

28.98) 

-16.82 (-

30.01; -4.30) 

17.60 (8.50; 

27.13) 

-4.76 (-7.48; 

-1.96) 

Age (years) 

-2.14 (-5.91; 

1.60) 

8.60 (2.53; 

14.64) 

-2.02 (-6.40; 

2.40) 

-0.87 (-2.18; 

0.44) 

SES score (0-100) 

0.11 (-0.30; 

0.51) 

0.17 (-0.48; 

0.82) 

-0.23 (-0.71; 

0.24) 

0.02 (-0.12; 

0.16) 

Family structure 
    

Live with both parents Reference Reference Reference Reference 

Live with mother 

-1.71 (-

10.85; 7.59) 

6.61 (-8.40; 

21.35) 

-9.78 (-

20.54; 1.05) 

-0.21 (-3.42; 

3.00) 

Live with father 

7.64 (-12.08; 

27.48) 

-3.97 (-35.96; 

27.83) 

-7.03 (-

30.19; 

16.17) 

2.98 (-3.92; 

9.86) 

Other 

7.72 (-9.35; 

24.82) 

-7.11 (-34.9; 

20.24) 

-0.06 (-

19.96; 

20.10) 

-2.94 (-8.88; 

3.03) 

Dietary behavior 
    

Unprocessed food (0-

10) 

-1.14 (-2.61; 

0.28) 

-0.05 (-2.38; 

2.25) 

2.21 (0.55; 

3.92) 

0.06 (-0.43; 

0.57) 

Processed food (0-10) 

-1.13 (-3.41; 

1.14) 

3.73 (0.03; 

7.38) 

1.09 (-1.56; 

3.79) 

-0.89 (-1.68; 

-0.10) 
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Discussion 

The purpose of this study was to examine the associations between 

sociodemographic, dietary and substance use factors, and  accelerometer-measured 

24-hour movement behaviors in a sample of Brazilian adolescents. Results showed 

that sex was associated with all 24-hour movement behaviors, while age was positively 

associated with sedentary behavior only. Consumption of unprocessed food was 

positively associated with LPA only, and the consumption of processed food was 

inversely associated with sedentary behavior and MVPA. The findings suggest that the 

age and SES associations observed for the 24-hour movement behaviors in other 

studies72 do not seem to completely translate to our sample of Brazilian adolescents 

Alcohol use in the 

last 30 days 
    

No Reference Reference Reference Reference 

Yes 

-0.39 (-8.88; 

8.11) 

-6.06 (-19.81; 

7.58) 

1.96 (-7.96; 

11.94) 

2.52 (-0.43; 

5.48) 

Tobacco use in the 

last 30 days 
    

No Reference Reference Reference Reference 

Yes 

-2.43 (-

19.47; 14.53) 

6.74 (-21.10; 

33.85) 

2.33 (-17.38; 

22.55) 

0.75 (-5.13; 

6.73) 

Illicit drug 

experimentation 
    

No Reference Reference Reference Reference 

Yes 

-4.58 (-

16.68; 7.5) 

-12.05 (-31.6; 

7.4) 

-2.64 (-

16.77; 

11.57) 

1.76 (-2.44; 

5.98) 

SES: Socioeconomic status, LPA: light-intensity physical activity, MVPA: moderate-

to-vigorous physical activity, Coef: non-standardized regression coefficient, 95%CI: 

95% confidence intervals; Bold values indicate statistical significance at p < 0.05. 
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when movement behaviors are objectively measured. Also, alcohol, tobacco, and illicit 

drugs were not related to any of the 24-hour movement behaviors. 

 The relationship between sex and the 24-hour movement behaviors in the 

present study concurs with previous findings 72. Males are usually more physically 

active than females,72 as observed in our results for MVPA. On the other hand, the 

results for LPA show that males engage in fewer activities of this intensity, and 

although this does not seem to be consistent, it may be explained by females engaging 

in up to 50% more chores compared to males,133 which may be captured by the 

accelerometers as LPA. This may also explain why females were less sedentary than 

males in the present study. Females also slept more than males, on average, which is 

also consistent with existing literature with objective measures.134 Overall, these 

results suggest an agreement between our study and previous literature, and specific 

interventions may be needed to increase the MVPA of females.  Regarding age, a 

positive association was found with sedentary behavior, which has also been observed 

before,135 and may be related to increased work and study activities, and higher 

engagement in screen-time sedentary activities during leisure time. The lack of 

association between SES and the 24-hour movement behaviors in the present sample 

is not similar to previous studies that used socioeconomic class, parental education, 

family income, and other measures of SES.72,79,115,135 The relationship between SES 

and movement behaviors has been shown to differ between country settings,136,137 and 

it may be that in this specific sample, the difference between the highest and lowest 

SES may not translate to different opportunities to engage in more or less 

accelerometer-measured behaviors. 

Concerning the association between dietary patterns and the 24-hour 

movement behaviors, we observed associations for sedentary behavior, LPA, and 

MVPA, but not for sleep. More specifically, the positive association between LPA and 

unprocessed food is aligned with previous studies that observed that fruits and 

vegetables are associated with increased physical activity.123,138,139 In contrast, the 

negative relationship between processed food and physical activity is not in line with 

the limited available literature, with studies showing that those who practice more 

physical activity may also consume more energy drinks,121 unhealthy food,120 or 

observed no association140. It is not clear why our results differ from other studies; 

however, there is some evidence that suggests that healthy behaviors tend to 
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cluster,141 with people who are active also opt to eat healthier food, and engage in less 

sedentary behavior, and this may explain why more active individuals also opt to avoid 

processed foods. In relation to the association of unprocessed food with sedentary 

behavior, this relationship is consistently found in the literature, more specifically with 

self-reported measures of screen time and television viewing,69 and it seems that this 

relation is also observed in the present study with Brazilian adolescents and an 

objective measure of sedentary behavior. Regarding sleep, the lack of association may 

be related to strict school hours, which influence sleep schedule on most weekdays, 

and thus, reducing the influence of other behaviors or preferences. Based on the 

findings of the present study, no causality can be determined, but taken together, the 

results suggest that the 24-hour movement behaviors are related to dietary habits, 

which may support interventions targeting both, as prioritizing less processed food,129 

being more active, and less sedentary is desirable among adolescents. 

No relationship was found between the use of alcohol and tobacco in the last 

30 days or illicit drugs experimentation with the 24-hour movement behaviors, 

contrasting with what previous studies have observed.126–128 Although the use of 

substances may be associated with sleep, sedentary behavior, and physical activity, it 

may be that adolescents do not  regularly consume  the substances, or for enough 

time for significant associations to be observed. However, it is important to track how 

these behaviors change through adolescence and form into adulthood to confirm if 

continuous use of substances will affect the 24-hour movement behaviors. 

In the present study, we observed a few associations between 

sociodemographic and dietary factors with objectively measured 24-hour movement 

behaviors, which is inconsistent with findings observed with self-reported measures. 

One possibility to explain the lack of associations observed is that when we measured 

the 24-hour behaviors using a standardized 24-hour protocol for accelerometry, all 

movements are captured by the accelerometer, regardless of the type of physical 

activity (such as work and leisure related) and sedentary behaviors (such as studying 

or watching television). These different activities may have associations with the 

factors included in this study but are not observed when accelerometer data are 

analyzed. For example, adolescents from higher socioeconomic backgrounds may 
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have an increased chance to engage in physical activities in clubs and gyms while 

those from lower socioeconomic backgrounds can engage in more active 

transportation and house chores, but their volume of physical activity may be similar 

when accelerometer data are analyzed. Similarly, dietary behaviors may be associated 

with different types of screen time, but this may not be observed when accelerometer-

measured sedentary behavior is analyzed. While accelerometer precisely measures 

volume and intensity of all activities throughout the day, making it possible to measure 

the different 24-hour movement behaviors simultaneously, qualitative information 

measured with self-report, direct observation, or ecological momentary assessment 

may be required to identify factors and contexts associated with behaviors undertaken 

in different domains or types in future studies.  

The main strengths of the present study are the use of accelerometry to measure the 

24-hour movement behaviors, which precisely measures each behavior in every 

second of the day. Another strength is the inclusion of several factors that may 

influence each of the 24-hour movement behaviors rather than a focus on one single 

exposure variable. Finally, analyzing the behaviors in a middle-income setting (Brazil) 

is also worthy of note, as most evidence available in the literature comes from high-

income settings. However, one main limitation is the use of self-reported dietary and 

substance use behaviors, as they are prone to memory and social desirability bias. 

Yet, direct observation or other methods to assess these behaviors are not easily 

available for survey studies. Another limitation of this study was the lack of qualitative 

information on the context and type of the 24-hour movement behaviors since leisure 

and non-leisure activities might be associated differently with sociodemographic 

factors. Lastly, the cross-sectional design of this study limits our understanding of the 

direction of the associations, and prospective studies are needed to confirm the 

findings. 

 

Conclusion 

Findings from this study with a sample of Brazilian adolescents show that sex, 

age, and dietary behaviors, but not SES or substance use, are associated with the 24-

hour movement behaviors. In particular, females sleep more and engage in more LPA 

than males, but males engage in more sedentary behaviors and MVPA than females. 

Age was positively associated with sedentary behaviors, meaning that more sedentary 
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activities are undertaken as students get older. Consuming more unprocessed food 

was associated with more LPA, whereas consuming more processed food was 

associated with lower MVPA. Sex, age, and dietary behaviors are important factors to 

consider in intervention, policy, and practice related to the 24-hour movement 

behaviors. Future research should aim to measure qualitative aspects of the 24-hour 

movement behaviors and test the associations longitudinally. 

 

 

 

 

 

 

Supplementary Table 1. Factor analysis of the dietary patterns of a sample of Brazilian 
adolescents (n=615). 

Latent 
Variables Indicator variables 

Unstandardized 
Factor loading 

Standardized 
factor loading 

p-
valu
e 

F1: 
Unprocessed 

food 

Vegetables (days/week) 1 0.879  

Fresh fruits (days/week) 0.541 
0.486 

  
0.00

6 
 

    

F2: 
Processed 

food 

Salted fried food 
(days/week) 1 0.509  

Sweets (days/week) 0.924 0.384 

< 
0.00

1 

Soda (days/week) 1.02 0.437 

< 
0.00

1 

Ultra-processed 
sausages (days/week) 1.388 0.531 

< 
0.00

1 

Fast Food (days/week) 0.793 0.504 

< 
0.00

1 

Root mean square error of approximation: 0.048; Standardized root mean square residual: 
0.038 
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Different screen time activities may be related to sleep, physical activity, and 

sedentary behavior. The objective was to examine the association between self-

reported screen time activities and accelerometer-measured 24-hour movement 

behaviors.  

Study design 

Cross-sectional. 

Methods 

Adolescents’ (n=718, 50.4% girls, 16 years) sleep duration, sedentary behavior, 

light physical activity (LPA), and moderate-to-vigorous physical activity (MVPA) were 

estimated with wrist-worn accelerometry. Time spent on screen time activities related 

to studying, working, watching videos, playing video games, and using social media, 

sex, age, and maternal education were self-reported.  

Results 

Boys and girls slept 6.4 and 6.7 hours/night, spent 10.4 and 10.1 hours/day in 

sedentary behavior, 4.0 and 4.4 hours/day in LPA, and 34.7 and 29.2 minutes/day in 

MVPA, respectively. Studying was inversely related to LPA and MVPA. Working was 

inversely related to sleep and positively related to LPA. Watching videos was 

associated with lower LPA and MVPA.  For boys, videogames were associated with 

increased sedentary behavior and lower LPA and MVPA. For girls, studying and/or 

using social media were associated with lower LPA and MVPA. 

Conclusions 

In conclusion, indicators of screen time were associated with different 

accelerometer-measured 24-hour movement behaviors. 

 

Keywords: physical activity, sleep, sedentary behavior, public health, youth 

 

Introduction 

 

Achieving adequate levels of physical activity, sedentary behavior, and sleep is 

associated with many health benefits among adolescents, impacting the physical, 

psychological, and social well-being.58,70 These behaviors compose the 24-hour 
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movement behaviors due to their co-dependent nature (they add up to 1440 minutes 

in a day), and time spent in one of them is directly related to less time spent in one or 

more of the others.142 The 24-hour movement behaviors are influenced by many 

factors, including screen time behaviors, or time spent using screen-based electronic 

devices.29 Screen time is a subcomponent of total sedentary behavior, and indicators 

such as time watching television or using the computer are used for simultaneously 

measuring screen time and sedentary behavior,143 as these behaviors are expected to 

be conducted while sitting or lying.29 Such studies show that screen time is generally 

associated with short sleep duration 144 and lower physical activity levels,52 which is 

expected considering the co-dependent relationship of sedentary behavior with sleep 

and physical activity. However, these measures fail to account for qualitative 

information on the type of activity being done (e.g., it is unknown what activity is done 

when using the computer), which also may affect the 24-hour behaviors differently. 

Activities such as watching movies and series, playing videogames, and accessing 

social media can be done using smartphones, tablets, and other gadgets, and are not 

contemplated in available instruments to measure sedentary behavior.145,146 Studies 

using newer forms of screen time are needed to provide a more up-to-date picture of 

their influence on health and related behaviors, especially among adolescents as this 

age group is certainly keeping up with new technologies.145,146 

Cellphone use has been shown to be higher compared to television, computer, 

and videogame use in a study including Brazilian adolescents 147. Considering the 

possibility of using new gadgets, self-reported screen time may include watching 

videos on a tablet while doing the dishes, or using social media on a smartphone while 

commuting, and even playing active videogames, which would not concur with 

accelerometer-measured sedentary behavior. In addition, due to different content and 

stimuli, specific screen time activities may associate differently with accelerometer-

measured 24-hour movement behaviors. For example, using social media has been 

shown to be negatively associated with sleep quality,148 but positively associated with 

moderate-to-vigorous physical activity (MVPA).149 Playing videogames can negatively 

affect sleep duration;150 however, some evidence suggests that its content may 

stimulate physical activity as well.151 Distinguishing how different screen time activities 

are related to objectively-measured 24-hour movement behaviors is important and can 

help tailor more successful interventions to help adolescents reach healthy levels of 
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physical activity, sedentary behavior and sleep, as many interventions are not 

successful in changing those behaviors.152,153 Studying, working, watching videos, 

playing videogames, and using social media in screen-based devices provide different 

stimuli and require different postures; however, it is unclear if they are associated to 

the 24-hour movement behaviors and to what extent. In addition, most studies 

analyzing these relationships were conducted in high-income countries, and findings 

may not be translated to middle-income settings such as Brazil. Thus, the objective of 

the current study was to examine the association between different self-reported 

screen time activities and accelerometer-measured 24-hour movement behaviors in a 

sample of Brazilian adolescents. 

 

Methods 

Study design 

The present cross-sectional study analyzed the baseline sample of the Estudo 

Longitudinal do Estilo de Vida de Adolescentes (ELEVA, translated as Longitudinal 

Study of the Lifestyle of Adolescents), conducted between August and December of 

2019. The study population was composed of students enrolled in the high school 

courses integrated to professional courses (age range: 14-18 years). All public schools 

offering these courses in the mesoregion Grande Florianópolis in 2018 were invited 

and included (n=3). These courses have a duration of four years, and students from 

the first to the third year were eligible and were invited to participate (n=1618). 

Participants had to provide consent terms signed by parents and/or legal guardians 

(n=1010, 62.4% of the eligible students). The present research project was approved 

by the Ethics Committee in Research with Human Beings of the Universidade Federal 

de Santa Catarina (protocol number: 3.168.745). 

 

Assessment and measurements 

The 24-hour movement behaviors were assessed by accelerometry. 

Participants were given Actigraph Gt3x+ (ActiGraph Corporation, Pensacola, Florida, 

USA) accelerometers by trained researchers, during class time, and received 

instructions to wear it on the non-dominant wrist for seven consecutive days. A 24-hour 
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protocol was employed, and students were asked to take the accelerometer off only 

for swimming or doing water-based activities where the accelerometer would be 

submerged (e.g., in pools or in the sea), but not for other water-based activities such 

as showering or doing the dishes. Data were collected in 30 Hz, and analyzed in 5-

second epochs. Participants with at least four days of 16 hours of valid accelerometer 

wear time were included in the analyses. Activities were classified as sedentary (<35.6 

mg), light-intensity physical activity (LPA) (between 35.6 mg and 201.4 mg), and MVPA 

(≥201.4 mg) using the cut-offs of Hildebrand et al.102,103 Sleep duration was estimated 

using the Heuristic algorithm looking at Distribution of Change in Z-Angle.93 Analyses 

of raw accelerometer data were conducted using the GGIR package, version 1.11.101 

A web questionnaire was used to assess sex and screen time activities. 

Participants answered the online questionnaire during class time, using smartphones, 

tablets or computers (average completion time was 24 minutes). The screen time 

variable was measured across five possible activities: studying (e.g., doing school 

homework), doing work-related activities (e.g., working on spreadsheets), watching 

videos (e.g., series, news, sports, streams, movies), playing videogames, and using 

social media and chat applications. The questions did not discriminate if activities were 

undertaken using a television, computer, smartphone, tablet or other screen-based 

device. Participants answered the time (hours and minutes) they engaged in each 

activity in a typical weekday and weekend day. Daily screen time was estimated by 

weighting the answers ([volume on weekdays*5 + volume on weekend days*2]/7), and 

classifying each construct in categories including: <2 h/day, ≥2 h and <4 h/day, and ≥4 

h/day. The screen time questions were validated in a previous pilot study.90 

 

Statistical analyses 

Descriptive statistics (means and standard deviations or absolute and relative 

frequencies) were used to describe the sample characteristics. Multilevel linear 

regression analyses were used to test the association between screen time indicators 

(studying, working, watching videos, playing videogames, using social media) and 

sleep duration, sedentary behavior, LPA, and MVPA. The analyses were adjusted for 

age and mother’s education and considered the hierarchical structure of data, with 

participants nested within schools. When interaction effects between sex and screen 

time indicators were observed, screen time slopes for each level of sex were computed 
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by linear combination of coefficients. The variable of MVPA was log-transformed to 

correct skewness. Analyses were performed in R version 3.6.2 for Windows, using the 

statistical package lme4, version 1.1, for the multilevel regressions. Statistical 

significance was set at p<0.05 (two-tailed). 

 

Results 

 

A total of 718 participants (78% of the total 1010 students) provided valid 

accelerometer (≥4 days with ≥16 hours of wear time) and questionnaire data. 

Participants characteristics are displayed in Table 1. Briefly, participants were 16.3-

year-old on average and 50.4% were girls. Girls slept approximately 6.7 hours/night, 

spent 10.1 hours/day in sedentary behavior, 4.4 hours/day in LPA, and 29.2 

minutes/day in MVPA, while boys slept approximately 6.4 hours/night, spent 10.4 

hours/day in sedentary behavior, 4.0 hours/day in LPA, and 34.7 minutes/day in 

MVPA. Descriptive characteristics of excluded participants did not significantly differ 

compared to those included in the present analyses.   
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Table 1. Characteristics of the sample (n=718). 

    Girls (n = 362)   Boys (n = 356) 

    Mean SD   Mean SD 

Age (years) 16.4 1.1  16.3 1.1 

Sleep duration (minutes/night) 402.4 52.3  384.8 46.7 

Sedentary behavior (minutes/day) 607.1 77.4  624.9 84.7 

Light physical activity (minutes/day) 263.7 53.4  242.2 61.7 

Moderate-to-vigorous physical activity 

(logs of minutes/day) 
29.2 14.8  34.7 20.9 

  
 

n %   n % 

Mother's 

education 
            

 >11 years 188 51.9  182 51.1 

 8-11 years 126 34.8  125 35.1 

 <8 years 38 10.5  35 9.8 

 Unknown 10 2.8  14 3.9 

Screen time indicators      

Studying      

 <2h/d 205 56.6  223 62.6 

 2-4h/d 92 25.4  89 25 

 ≥4h/d 65 18  44 12.4 

Working      

 <2h/d 310 85.6  303 85.1 

 2-4h/d 37 10.2  41 11.5 

 ≥4h/d 15 4.1  12 3.4 

Watching videos      

 <2h/d 142 39.2  120 33.7 

 2-4h/d 144 39.8  144 40.4 

 ≥4h/d 76 21  92 25.8 

Playing videogames*      

 <2h/d 322 89  171 48 

 2-4h/d 23 6.4  94 26.4 

 ≥4h/d 17 4.7  91 25.6 

Using social media*      

 <2h/d 93 25.7  158 44.4 

 2-4h/d 117 32.3  101 28.4 



53 

 

 

 

 

 

The association between screen time indicators with sleep duration is displayed 

in Table 2. A significant sex-interaction was observed for studying, but when the simple 

effects were calculated, no significant associations were observed. Working for 2-4 h/d 

and ≥4 h/d were inversely associated with sleep duration (β=-12.52, 95% CI -24.05; -

0.98 and β=-24.95, 95% -43.87; -6.02 minutes/night, respectively). No statistically 

significant associations were observed between watching videos, playing videogames, 

and using social media with sleep duration. 

  

  ≥4h/d 152 42   97 27.2 

*: Difference at p<0.05, Chi Squared Test 



54 

 

Table 2. Association between screen time indicators and accelerometer-measured sleep duration 

in a sample of Brazilian adolescents. 

    Sleep duration (minutes/night) 

    Total (n= 718)   Girls (n= 362)   Boys (n= 356) 

    Coef 95%CI   Coef 95%CI   Coef 95%CI 

Screen time 

indicators                 

Studying                 

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d 3.38  (-5.21; 11.98)   0.01 

(-12.13; 

12.16)   6.37 

(-5.72; 

18.45) 

  ≥4h/d 1.31  (-9.03; 11.64)   -8.02 

(-21.69; 

5.65)   

13.6

4 

(-2.19; 

29.47) 

Working                   

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d -12.52  (-24.05; -0.98)   - -   - - 

  ≥4h/d -24.95  (-43.87; -6.02)   - -   - - 

Watching videos                 

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d 0.05 (-8.15; 8.25)   - -   - - 

  ≥4h/d 0.03  (-9.58; 9.64)   - -   - - 

Playing videogames               

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d -6.54  (-17.17; 4.10)   - -   - - 

  ≥4h/d 2.79 (-8.14; 13.73)   - -   - - 

Using social media               

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d -0.92 (-9.94; 8.11)   - -   - - 

  ≥4h/d -2.17 (-11.06; 6.71)   - -   - - 

Ref: Reference group; Bold values indicate statistical significance (p<0.05); Coef: regression beta 

coefficients in minutes/day; 

Between-sex comparisons were presented when significant sex-interaction terms were identified 

at p<0.05; Models were adjusted for age, sex, and mother's education. 
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In relation to sedentary behavior, girls who studied for ≥4 h/d had increased 

sedentary behavior compared to studying for <2 h/d (β=32.57, 95% CI 10.35; 54.80, 

Table 2). Playing videogames for 2-4 h/d (β=28.02, 95% CI 8.09; 47.94 minutes/day) 

and ≥4 h/d (β= 51.44, 95% CI 31.40; 71.49 minutes/day) was associated with 

increased sedentary behavior in boys. No significant associations were found for 

working, watching videos, or using social media. 
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Table 3. Association between screen time indicators and accelerometer-measured sedentary 

behavior in a sample of Brazilian adolescents. 

    Sedentary behavior (minutes/day) 

    Total (n= 718)   Girls (n= 362)   Boys (n= 356) 

    Coef 95%CI   Coef 95%CI   Coef 95%CI 

Screen time 

indicators                 

Studying                 

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  

2-

4h/d -2.19 

 (-16.19; 

11.81)   -6.86 

(-26.60; 

12.88)   3.16 

(-16.48; 

22.81) 

  ≥4h/d 16.03  (-0.80; 32.86)   

32.5

7 (10.35; 54.8)   -7.44 

(-33.16; 

18.28) 

Workin

g                   

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  

2-

4h/d 5.88 

 (-13.08; 

24.84)   - -   - - 

  ≥4h/d -8.58 

 (-39.69; 

22.53)   - -   - - 

Watching 

videos                 

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  

2-

4h/d 2.48 

 (-10.86; 

15.82)   - -   - - 

  ≥4h/d 15.29 (-0.35; 30.93)   - -   - - 

Playing videogames               

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  

2-

4h/d 19.03 (1.92; 36.15)   -0.47 

(-33.85; 

32.91)   

28.0

2 

(8.09; 

47.94) 

  ≥4h/d 41.46 (23.86; 59.06)   

12.1

6 

(-26.13; 

50.45)   

51.4

4 

(31.40; 

71.49) 

Using social media               

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  

2-

4h/d 6.75  (-7.97; 21.47)   - -   - - 

  ≥4h/d 4.93  (-9.58; 19.43)   - -   - - 

Ref: Reference group; Bold values indicate statistical significance (p<0.05); Coef: regression beta 

coefficients in minutes/day; 
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Between-sex comparisons were presented when significant sex-interaction terms were identified at 

p<0.05; Models were adjusted for age, sex, and mother's education. 

 

The association of screen time with LPA is presented in Table 4. Studying for 

≥4 h/d was associated with lower LPA (β= -16.93, 95% CI -28.87; -4.99 minutes/day), 

and working for 2-4 h/d was associated with increased LPA (β = 17.76, 95% CI 4.32; 

31.20 minutes/day). Watching videos was associated with lower LPA (β=-10.00, 95% 

CI -19.42 -0.58 minutes/day for 2-4 h/d, and β=-22.97, 95% CI -34.01; -11.93 for ≥4 

h/d).  Playing videogames for 2-4 h/d (β=-18.72, 95% CI -32.97; -4.48 minutes/day) 

and ≥4 h/d (β=-32.58, 95% CI -46.92; -18.25 minutes/day) was negatively associated 

with LPA in boys. No significant association was observed for social media. 

  



58 

 

Table 4. Association between screen time indicators and accelerometer-measured light-intensity 

physical activity in a sample of Brazilian adolescents. 

    Light-intensity physical activity (minutes/day) 

    Total (n= 718)   Girls (n= 362)   Boys (n= 356) 

    Coef 95%CI   

Coe

f 95%CI   Coef 95%CI 

Screen time 

indicators                 

Studying                 

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d 3.74  (-6.19; 13.67)   - -   - - 

  ≥4h/d -16.93 

 (-28.87; -

4.99)   - -   - - 

Working                   

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d 17.76 (4.32; 31.20)    - -   - - 

  ≥4h/d 13.22  (-8.83; 35.27)   - -   - - 

Watching videos                 

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d 
-10.00 

 (-19.42; -

0.58)   - -   - - 

  ≥4h/d -22.97 

(-34.01; -

11.93)   - -   - - 

Playing videogames               

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d 

-11.10 

 (-23.37; 1.17)   4.55 

(-19.31; 

28.42)   

-

18.7

2 

(-32.97; -

4.48) 

  ≥4h/d 

-23.09  (-35.71; -

10.48)   5.88 

(-21.50; 

33.26)   

-

32.5

8 

(-46.92; -

18.25) 

Using social media               

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d -1.47 (-11.97; 9.02)   - -   - - 

  ≥4h/d -2.69 (-13.03; 7.64)   - -   - - 

Ref: Reference group; Bold values indicate statistical significance (p<0.05); Coef: regression beta 

coefficients in minutes/day; 

Between-sex comparisons were presented when significant sex-interaction terms were identified at 

p<0.05; Models were adjusted for age, sex, and mother's education. 
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Table 5 shows the associations between screen time indicators and MVPA. 

Studying and watching videos for ≥4 h/d was associated with lower MVPA (β= -0.15, 

95% CI -0.26; -0.04 and β=-0.15, 95% CI -0.26; -0.04 log of minutes/day, respectively). 

For boys, playing videogames for 2-4 h/d (β=-0.18, 95% CI -0.31; -0.05) and ≥4 h/d 

(β=-0.22, 95% CI -0.36; -0.09), while for girls, using social media for ≥4 h/d was 

associated with lower MVPA (β=-0.15, 95% CI -0.28; -0.01). No significant association 

was observed for working. 
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Discussion 

 

The key finding of this study is that, in this sample of Brazilian adolescents, 

different indicators of screen time were associated with different accelerometer-

Table 5. Association between screen time indicators and accelerometer-measured moderate-to-

vigorous physical activity in a sample of Brazilian adolescents. 

    Moderate-to-vigorous physical activity (log of minutes/day) 

    Total (n= 718)   Girls (n= 362)   Boys (n= 356) 

    Coef 95%CI   Coef 95%CI   Coef 95%CI 

Screen time 

indicators                 

Studying                 

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d -0.08 (-0.17; 0.01)   - -   - - 

  ≥4h/d -0.15  (-0.26; -0.04)   - -   - - 

Working                   

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d 0.08  (-0.04; 0.21)   - -   - - 

  ≥4h/d 0.06  (-0.14; 0.27)   - -   - - 

Watching videos                 

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d -0.04  (-0.12; 0.05)   - -   - - 

  ≥4h/d -0.16 (-0.26; -0.05)    - -   - - 

Playing videogames               

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d 
-0.10 

(-0.22; 0.01)   0.06 (-0.16; 0.28)   

-

0.18 (-0.31; -0.05) 

  ≥4h/d -0.14  (-0.26; -0.03)    0.09 (-0.17; 0.34)   

-

0.22 (-0.36; -0.09) 

Using social media               

  <2h/d Ref Ref   Ref Ref   Ref Ref 

  2-4h/d -0.01 (-0.11; 0.09)   

-

0.12 (-0.26; 0.02)   0.06 (-0.07; 0.19) 

  ≥4h/d -0.01 (-0.10; 0.09)   

-

0.15 (-0.28; -0.01)   0.12 (-0.01; 0.26) 

Ref: Reference group; Bold values indicate statistical significance (p<0.05); Coef: regression beta 

coefficients in minutes/day; 

Between-sex comparisons were presented when significant sex-interaction terms were identified at 

p<0.05; Models were adjusted for age, sex, and mother's education. 
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measured 24-hour movement behaviors, and these associations were sex-specific. 

Regardless of sex, studying was inversely related to LPA and MVPA, working was 

inversely related to sleep duration and positively related to LPA, and watching videos 

was associated with lower LPA and MVPA. Additionally, for boys, videogames were 

associated with increased sedentary behavior and lower LPA and MVPA, while girls 

who spent four or more hours studying and/or using social media had lower LPA and 

MVPA, respectively. These results suggest that what adolescents do while using 

screen time devices matters in relation to how they move, and the screen time content 

is important to better understand how these behaviors are tied together. 

Studying was associated with increased sedentary behavior in girls and lower 

LPA and MVPA in both boys and girls. In the present sample, more girls studied for 

four or more hours per day than boys, which was also observed in studies in the United 

States 154 and Germany,155 and this may partially explain why this impacted sedentary 

behavior among them. Time dedicated to studying is mostly spent while sitting on a 

desk for long periods of time, and this may not be easily changed, which displaces time 

that could be spent on LPA and MVPA among adolescents. Implementing standing 

desks in classrooms has been reported to help reduce sedentary behavior;156 however, 

its impact on academic achievement is not clear, and it may not be feasible for students 

when studying outside the classroom. 

Working was inversely related to sleep duration, and those who worked for 2-4 

h per day had increased LPA. While it is not clear why the relationship with LPA was 

observed, it is hypothesized that students who work for two to four hours per day may 

also engage in increased LPA to commute to work and may be doing non-screen time 

activities while working. This relationship may not be observed for those who do not 

work (<2 h/d) and for those who spend more than 4 h in screen time while working, as 

this may be compensated by increased time in sedentary activities in this situation. As 

for the relationship with sleep, students who work may have less time to dedicate to 

sleeping, as they have to attend school, work, and do homework and enjoy some 

leisure activities, while adolescents who do not work have more free time and can go 

earlier to bed. In addition, the shorter sleep duration may be related to increased time 

exposed to screens when working in addition to leisure-time activities. This increased 
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exposition to artificial light, compared to those who only manage leisure-time screen 

time, may negatively impact their sleep duration.157 

Watching videos was negatively associated with LPA and MVPA in both boys 

and girls. This concurs with  studies included in a review that analyzed TV and found 

a negative association between physical activity and this indicator.52 Although watching 

videos can improve motivation and satisfaction when exercising on a treadmill,158 this 

scenario is unlikely to be common. Watching videos seems to be a safe and easily 

accessible leisure activity, since it can be done with a TV or smartphone and almost in 

any place. Environmental factors may play a role, as increased insecurity, physical and 

social disorders, and other environmental factors159 may impose barriers to practice 

physical activity and make activities such as watching TV more convenient. 

Interventions to reduce this construct of screen time have had limited results,152 but 

displacing sedentary behavior for physical activity may have important impacts on the 

health of adolescents160, and new policies and interventions are needed. 

While playing videogames was associated with increased sedentary behavior 

and decreased LPA and MVPA in boys, this association was not observed among girls. 

This may be explained by the low proportion of girls that played as much videogames 

as boys, and they do not seem to play for enough time to impact sedentary behavior, 

LPA, and MVPA, while boys who play excessively have unhealthier patterns of these 

behaviors. In addition, preferences in types and content of games could also explain 

the sex difference, as boys may for example prefer sports games which are associated 

with increased physical activity compared to strategy games.161 Also, some games 

require full attention, while others can be played on smartphone devices while 

multitasking, which could impact movement behaviors. These differences may partially 

explain the sex interaction found, yet, these hypotheses have to be tested by assessing 

more qualitative information related to the game preference. Although videogames 

may also provide benefits for health,162 and active videogames may be a fun way to 

stimulate physical activity,151 playing videogames has not only been associated with 

an unhealthier movement pattern, but videogame addiction is also a disorder 163 which 

is far more common in boys, and excessive time playing may negatively affect health. 

Thus, boys could benefit most from interventions targeting to decrease time spent in 

videogames. 
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The use of social media and chat apps for four or more hours per day was 

negatively related with MVPA in girls but not in boys. It is unclear why this difference 

was observed, and one possible explanation is that while girls have some interests 

related to chatting and overall socializing164 using these apps, boys who use social 

media may use it to encourage each other’s and access content that motivates them 

to practice sports and other physical activities. As boys generally are more active than 

girls,72 it may be that they use social media at the expense of other activities (e.g., 

studying) but not physical activity. 

Overall, the constructs of screen time were differently associated with the 24-

hour movement behaviors. While using social media for 2-4 h per day was not 

associated with any movement behavior among boys or girls, playing videogames for 

that long was associated with unhealthier patterns of movement among boys. From 

this perspective, reducing the engagement of those who spend more than 4 hours/day 

in social media and videos may be already enough to support a more active lifestyle, 

while for games, reducing it for less than 2 hours/day may be necessary. It is important 

to note that many of these behaviors can also provide benefits when practiced in a 

healthy way. For example, playing videogames can provide psychosocial benefits was 

well,162 and using social media to promote healthy behaviors can also benefit 

students.165 Therefore, tailoring sex-specific strategies for each construct of screen 

time may be needed to achieve optimal health benefits among adolescents. 

Strengths of the present study are the novel screen time constructs analyzed 

and the measurement of the 24-hour movement behaviors with accelerometers in a 

sample from a middle-income country, which is underrepresented in current scientific 

literature. However, limitations of the present study include the cross-sectional design, 

which limits the observation of causality; the self-reported nature of the screen time 

indicators, which are not easily measured using objective instruments; and the 

limitation of the accelerometers to classify some physical activities such as cycling or 

weight lifting precisely. Lastly, the present study was conducted in only three schools 

from three cities in one Brazilian state, and this may limit the generalizability of the 

results. 
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Conclusion 

 

The present study found that different indicators of screen time were associated 

with different accelerometer-measured 24-hour movement behaviors, and some of 

these associations were sex-specific. Overall, studying was inversely related to LPA 

and MVPA, working was inversely related to sleep duration and positively related to 

LPA, watching videos was associated with lower LPA and MVPA, and videogames 

were associated with increased sedentary behavior and lower LPA and MVPA. Taken 

together, these results suggest that boys and girls could benefit from specific 

interventions for screen time behaviors. Future research is needed to establish the 

causal directions between these behaviors to determine which interventions may be 

most effective. 
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Abstract  

We aimed to identify sociodemographic, dietary, and substance use factors associated 

with self-reported sleep duration, physical activity (PA), and sedentary behavior (SB) 

indicators in a sample of Brazilian adolescents. Adolescents (n=731, 51% female, 

mean age: 16.4 years) answered a questionnaire. The volume of total PA, sports, non-
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sports, total SB, leisure-time SB, involuntary SB, sleep duration, dietary behaviors, 

sociodemographic, and substance use indicators were self-reported. Multilevel linear 

models were fit. Females engaged in less total PA, sports, total SB, and leisure-time 

SB, but in more involuntary SB than males. Age was positively associated with non-

sports and involuntary SB. Socioeconomic status was positively associated with total 

PA. Adolescents who lived with the mother only practiced more sports compared to 

those living with two parents. Unprocessed food was positively associated with total 

PA and sports. Processed food was inversely associated with total PA and non-sports 

and positively associated with total SB and leisure-time SB. Alcohol use was positively 

associated with total PA, and tobacco smoking was negatively associated with total 

PA. No associations were observed for sleep duration. In conclusion, 

sociodemographic, dietary, and substance use factors are associated with the 24-hour 

movement behaviors among Brazilian adolescents, and some associations are type-

specific. 

 

Keywords: physical activity, sedentary behavior, sleep, public health, 24-hour 

movement behaviors 

 

Introduction 

The 24-hour movement behaviors, composed of sleep duration, sedentary 

behavior and physical activity, are associated with several health outcomes among 

adolescents,63 and engaging in adequate volumes of each behavior has been shown 

to provide multiple health-related benefits during adolescence.70,110,111,166,167 The 

importance of these behaviors has been highlighted in integrated 24-hour movement 

recommendations105, and policies and interventions have aimed to increase physical 

activity,153 decrease sedentary behaviors,152 and promote adequate sleep168 among 

adolescents and reported modest changes.152,153,168 Adolescents’ engagement in 

physical activity is low,169  a large proportion of their day is spent sedentary,30 and 

inadequate sleep is common,114 culminating in unhealthy patterns of the 24-hour 

movement behaviors.63 In fact, the adherence of adolescents with the 24-hour 

movement behavior guidelines has been very low, ranging from 1.6% to 9.7%,63 and  

intrapersonal factors such as sociodemographic, dietary, and substance use can be 

related to guideline adherence.72,118,125,141 
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Previous studies have shown that females are less active72, sleep more,134 and 

commonly engage in less sedentary behavior than boys.30 Age has also been 

negatively associated with physical activity,72 sleep,170 and positively related to 

sedentary behavior in adolescents,39 while socioeconomic status (SES) is related to 

these behaviors depending on the country setting, and the domain of physical 

activity.171,172 Family structure has also been shown to play a role in some behaviors, 

with conflicting evidence pointing that either single-parent173 and two-parent174 families 

having more active children. Dietary behavior may also play a role, as it has been 

associated with physical activity,121,141 sedentary behavior118,141 and sleep116 in 

previous studies. Besides that, diet impacts physiological mechanisms related to 

hormones and availability of nutrients, which  may be associated with the 24-hour 

movement behaviors.69,175 Alcohol use, tobacco smoking,125 and with less evidence 

illicit drug experimentation68,  have also been associated with physical activity,68,125 

sedentary behavior125 and sleep.128 Overall, lifestyle behaviors and sociodemographic 

characteristics seem to be linked to the 24-hour movement behaviors, but there are 

only a few studies available on the topic68,72,141, and most of them come from high-

income countries, which may not be applicable to lower- and middle-income 

settings.115 

In addition to the relationship with the volume (amount) of physical activity and 

sedentary behavior, some sociodemographic, dietary, and substance use factors may 

be related to specific types of physical activity and sedentary behaviors.66,67 For 

example, alcohol use has been linked specifically with participation in sports among 

adolescents in a review of longitudinal studies.68 This relationship may not be observed 

for other physical activities, such as commuting or doing chores. Drawing a parallel 

with sedentary behavior, unhealthy snacking has been linked specifically to increased 

television viewing,69 but may not be observed with mandatory or involuntary screen 

time such as the time spent studying or working with screen-based devices. Identifying 

factors associated with specific subtypes of physical activity and sedentary behavior 

may be helpful, as some subgroups such as females may need specific interventions 

to engage in more sports,70 while males may need specific strategies to reduce leisure-

time sedentary behaviors.30 
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Considering that most adolescents do not simultaneously engage in healthy 

levels of physical activity, sedentary behavior, and sleep duration,63 identifying 

correlates of these behaviors is desirable for research, practice, and policy. 

Furthermore, investigating several sociodemographic and lifestyle behaviors in a 

middle-income setting is desirable to broaden the understanding of how adolescents 

from these countries behave, and how these behaviors are linked, which is not 

consistently depicted in the scientific literature. Thus, the present study aimed to 

identify sociodemographic, dietary and substance use factors associated with self-

reported sleep duration, physical activity, and sedentary behavior indicators in a 

sample of Brazilian adolescents. 

 

Materials and methods 

 Participants 

This study used data from adolescents aged 14-18 years that participated in the 

baseline of the ELEVA project (Estudo Longitudinal do Estilo de Vida de 

Adolescentes/Longitudinal Study of the Lifestyle of Adolescents), conducted between 

August and December 2019. All three public schools offering professional courses 

integrated with high school in the mesoregion Grande Florianópolis, southern Brazil, 

were invited and accepted to participate in the project. A census method was adopted, 

and all high school students who did not have any disability that prevented them from 

participating in the study were invited to participate. A total of 1618 students were 

enlisted in the schools of whom 1269 were present in classes during the data collection 

period and were invited to participate. The study was explained by trained researchers 

during school hours, and informed consent forms were given to students for their 

parents or legal guardians to sign, and an assent form was given to all students to sign. 

A total of 1010 students provided written informed consent and participated in the 

study. The present research project was approved by the Ethics Committee in 

Research with Human Beings of the Universidade Federal de Santa Catarina (protocol 

number: 3.168.745). 

 

 Measures 

Participants answered a standardized survey, hosted on an online platform, 

using smartphones, tablets, and/or computers. Students could use either their own 
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device and internet connection, but devices and wireless internet were also offered by 

the research team. The average time to complete the survey was 24 minutes. 

 

24-hour movement behaviors 

Physical activity was assessed using an adapted version of the Self-assessed 

physical activity checklist.176 The questionnaire is composed of the following question: 

In general, which of the following activities do you practice? Report how many days in 

a typical week and for how long each a day do you engage in any of the activities, 

followed by a list of 22 activities, where participants reported the weekly frequency (0-

7) and the duration in minutes of each session of each activity. Three variables were 

calculated: the total volume of physical activity (sum of the volume of each activity), 

the volume of sports (comprising soccer, futsal, basketball, handball, volleyball, tennis, 

table tennis, swimming, athletics, combat sports, gymnastics, cycling, skating, and 

surfing), and the volume of non-sport activities (comprising capoeira, dancing, 

collective gymnastics and gym going, weight lifting, walking, jogging, and active play). 

This questionnaire was validated for Brazilian adolescents,177 and the classification of 

sports and non-sport activities was previously used in research with adolescents.70,167 

Sedentary behavior was measured by proxy of screen time across four 

variables: time spent studying, working, watching videos (e.g., series, news, sports, 

streams, and movies), and playing video games using screen-based devices. 

Participants reported the time in hours and minutes (in blocks of 10 minutes) they 

engaged per day on each of those activities during weekdays (Mondays to Fridays), 

and weekend days (Saturdays and Sundays). Daily screen time was calculated by 

weighting the volume on weekends by 2 and on weekdays by 5. Three variables were 

calculated: the total volume of sedentary behavior, by summing the daily volume of the 

four indicators; the involuntary sedentary behavior, by summing time spent studying 

and working; and the leisure-time sedentary behavior, by summing the time spent 

watching videos and playing video games. 

Finally, participants reported the time they habitually went to bed and woke up 

on weekdays and weekend days, and sleep duration was calculated as the difference 
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between both. The habitual sleep duration was calculated by weighting the volume on 

weekends by 2 and on weekdays by 5. 

Dietary patterns 

The weekly frequency of consumption of beans, vegetables, fresh fruits, salted 

fried food, sweets, soda, ultra-processed sausages, and fast food was reported by 

participants. This questionnaire was previously validated for Brazilian adolescents.98 

For each item, answers ranging from 0-7 days/week were used to create two scores 

using Confirmatory Factor Analyses. The first score was named ‘Unprocessed food’, 

comprised of the indicators of vegetables and fresh fruits, and the second score was 

named ‘Processed food’, and calculated based on salted fried food, sweets, soda, 

ultra-processed sausages, and fast food. The standardized scores were calculated 

using standardized variables, but for ease of interpretation, they were scaled from 0 to 

10, where 10 means the highest consumption of each food group. 

 

Substance use 

Alcohol use and tobacco smoking were reported for the last 30 days before data 

collection. The indicator variable was coded as a dichotomous variable, with 

participants being classified as smokers (vs non-smokers) and drinkers (vs non-

drinkers) if they answered smoking and/or drinking at least once in the 30-day window 

before data collection. For illicit drug experimentation, participants reported if they have 

used any illicit drug in their lifetime (yes or no). These questions have been previously 

used in Pesquisa Nacional de Saúde do Escola (PeNSE).178 

 

Sociodemographic variables 

Participants reported their sex (male/female), age (completed years), family 

structure, and socioeconomic status (SES). The family structure indicator had four 

possible categories: living with either mother, father, both, or none. For the SES 

indicator, participants reported the number (0-4 or more) of several household 

belongings (e.g., television, computer, fridges, stoves), if they had treated water, if the 

street where they lived was paved, and the highest education of their parents. These 

indicators were used to calculate a nationally standardized score that ranged from 0 to 

100, with 100 being the highest SES, according to the guidelines of the Brazilian 

Association of Research Companies.106 
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 Statistical analyses 

The characteristics of the sample are described using means and standard 

deviations, and absolute and relative frequencies. To test the associations between 

sociodemographic (sex, age, SES, family structure), dietary (unprocessed food score, 

processed food score), and substance use (alcohol use, tobacco use, illicit drugs 

experimentation) with sleep duration, total sedentary behavior, leisure-time sedentary 

behavior, and involuntary sedentary behavior, multilevel linear regression models were 

estimated using Restricted Maximum Likelihood approach, and 95% confidence 

intervals were also estimated. For total physical activity, sports, and non-sports 

physical activity, generalized linear multilevel models with the Gamma family were fit 

using the Adaptive Gauss-Hermite Quadrature, and 95% confidence intervals were 

calculated. This was used as all physical activity indicators were right-skewed, and the 

Gamma models are recommended for such distributions and provided better 

residuals.108 All models were mutually adjusted for all independent variables, and a 

random intercept for each school was estimated to take into account the hierarchical 

structure of the data, with students nested within schools. The analyses were 

conducted using R, version 4.0 for Windows (R Foundation for Statistical Computing, 

Vienna, Austria), using the lme4 package.  

 

Results 

Of the total of 1010 participants who provided written informed consent, 731 

(72%) had complete data in all survey variables and were included in the present 

analyses. The characteristics of the participants can be observed in Table 1. 
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Table 1. Characteristics of the sample (mean ± SD or n (%) ). 

  

Total sample 

(n=731) 

Females 

(n=375) 

Males  

(n=356) 

Age (years) 16.37 ±1.04 16.35 ±1.04 16.38 ±1.04 

SES score (0-100) 48.97 ±9.98  48.33 ±9.66 49.63 ±10.28 

Family structure [n (%)] 
   

Live with both parents 467 (63.9) 234 (62.4) 233 (65.4) 

Live with mother 195 (26.7) 104 (27.8) 91 (25.6) 

Live with father 30 (4.1) 17 (4.5) 13 (3.7) 

Other 39 (5.3) 20 (5.3) 19 (5.3) 

Dietary behavior 
   

 Unprocessed food (0-10) 5.93 ±2.68 6.20 ±2.74 5.66 ±2.59 

 Processed food (0-10) 3.76 ±1.86 3.66 ±1.88 3.86 ±1.82 

Alcohol use in the last 30 days [n 

(%)] 
 

  
No 415 (56.8) 207 (55.2) 208 (58.4) 

Yes 316 (43.2) 168 (44.8) 148 (41.6) 

Tobacco use in the last 30 days [n 

(%)] 
   

No 677 (92.6) 344 (91.7) 333 (93.5) 

Yes 54 (7.4) 31 (8.3) 23 (6.5) 

Illicit drug experimentation [n (%)]    

No 594 (81.3) 286 (76.3) 308 (86.5) 

Yes 137 (18.7) 89 (23.7) 48 (13.5) 

Sleep duration (hours/night) 8.02 ±1.30 8.05 ±1.26 7.98 ±1.34 

Physical activity (minutes/day)    

Total physical activity  37.30 ±37.44 30.90 ±34.11 44.03 ±39.60 

Sports  18.27 ±31.06 9.48 ±18.40 27.53 ±38.20 

Non-sports  20.75 ±31.18  21.67 ±30.80 19.79 ±31.58 

Sedentary behavior (hours/day)    

Total sedentary behavior  7.56 ±4.06 6.90 ±3.82 8.25 ±4.19 

Leisure-time sedentary behavior 4.68 ±3.30 3.72 ±2.79 5.69 ±3.50 

Involuntary sedentary behavior 2.76 ±2.29 3.05 ±2.34 2.45 ±2.19 

SES: Socioeconomic status; SD: standard deviation. 

 

 



73 

 

 

 

The association between sociodemographic, dietary, and substance use 

factors with physical activity, sports, and non-sports physical activity is displayed in 

Table 2. Females engaged in less total physical activity (β=-16.75, 95%CI -22.12; -

11.37) and sports (β=-20.34, 95%CI -25.32; -15.36) compared to males, while a 

positive relationship was observed between age and non-sports physical activity 

(β=3.25, 95%CI 1.43; 5.06). The SES score was positively associated with total 

physical activity (β=0.30, 95%CI 0.07; 0.53), and family structure was associated with 

sports, with participants living with their mother engaging in more sports than those 

living with both parents (β=3.25, 95%CI 0.16; 6.33). Unprocessed food was positively 

related to total physical activity (β=2.06, 95%CI 1.16; 2.96) and sports (β=0.92, 95%CI 

0.49; 1.35), while processed food was inversely related to total physical activity (β=-

1.91, 95%CI -3.01; -0.82) and non-sports physical activity (β=-1.03, 95%CI -1.98; -

0.08). Alcohol intake was positively associated with total physical activity (β=5.95, 

95%CI 1.05; 10.84), and tobacco use was negatively related with total physical activity 

(β= -11.54, 95%CI -17.13; -5.96). Illicit drug experimentation was not significantly 

associated with any physical activity indicator. 
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Table 2. Association between sociodemographic, dietary, and substance use factors with physical 

activity, sports, and non-sport practice in a sample of Brazilian adolescents (n=731). 

  

Total physical 

activity 

(minutes/day) 

Sports 

(minutes/day) 

Non-sports 

(minutes/day) 

  Coefficient (95%CI) Coefficient (95%CI) 

Coefficient 

(95%CI) 

Sex       

Male Reference  Reference  Reference  

Female 

-16.75 (-22.12; -

11.37) 

-20.34 (-25.32; -

15.36) 0.83 (-2.53; 4.18) 

Age (years) -0.61 (-2.40; 1.18) 0.44 (-0.57; 1.45) 3.25 (1.43; 5.06) 

SES score (0-100) 0.30 (0.07; 0.53) 0.00 (-0.10; 0.10) 0.02 (-0.15; 0.19) 

Family structure 
   

Live with both parents Reference Reference Reference 

Live with mother 5.51 (0.41; 10.61) 3.25 (0.16; 6.33) -0.50 (-5.15; 4.14) 

Live with father 4.66 (-7.87; 17.19) 0.08 (-3.00; 3.15) -1.26 (-8.52; 6.00) 

Other 0.85 (-5.16; 6.85) 2.73 (-0.90; 6.36) 0.26 (-7.48; 8.01) 

Dietary behavior 
   

 Unprocessed food (0-10) 2.06 (1.16; 2.96) 0.92 (0.49; 1.35) 0.33 (-0.35; 1.00) 

 Processed food (0-10) -1.91 (-3.01; -0.82) 0.42 (-0.18; 1.02) -1.03 (-1.98; -0.08) 

Alcohol use in the last 30 

days  
   

No Reference Reference Reference 

Yes 5.95 (1.05; 10.84) 1.68 (-0.46; 3.81) -0.94 (-4.7; 2.83) 

Tobacco use in the last 30 

days  
   

No Reference Reference Reference 

Yes 

-11.54 (-17.13; -

5.96) -2.40 (-5.61; 0.81) 5.36 (-2.88; 13.60) 

Illicit drug experimentation  
   

No Reference Reference Reference 

Yes -0.80 (-6.67; 5.07) 0.39 (-2.71; 3.49) 3.50 (-2.33; 9.34) 

Associations were testes using Generalized Linear Multilevel Models using Gamma family. 

95%CI: 95% confidence intervals; SES: socioeconomic status. 

Bold values refer to significant associations at p < 0.05. 
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The association between sociodemographic, dietary, and substance use 

factors with sedentary behavior indicators can be observed in Table 3. Females spent 

less time in total (β=-1.21, 95%CI -1.8; -0.65) and leisure-time (β=-1.87, 95%CI -2.32; 

-1.42), but more time in involuntary (β=0.61, 95%CI 0.28; 0.94) sedentary behavior 

than males. Age was positively associated with involuntary sedentary behavior (β=-

0.27, 95%CI 0.11; 0.43). Processed food was positively related to total (β= 0.45, 95%CI 

0.28; 0.62) and leisure-time (β= 0.36, 95%CI 0.23; 0.49) sedentary behavior. SES, 

family structure, unprocessed food score, tobacco use, alcohol consumption, and illicit 

drug experimentation were not significantly associated with sedentary behavior 

indicators. 
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Table 3. Association between sociodemographic, dietary, and substance use factors with 

total, leisure, and involuntary sedentary behavior in a sample of Brazilian adolescents 

(n=731). 

  

Total sedentary 

behavior 

(minutes/day) 

Leisure-time 

sedentary 

behavior 

(minutes/day) 

Involuntary 

sedentary 

behavior 

(minutes/day) 

  

Coefficient 

(95%CI) 

Coefficient 

(95%CI) 

Coefficient 

(95%CI) 

Sex       

Male Reference Reference Reference 

Female -1.21 (-1.8; -0.65) 

-1.87 (-2.32; -

1.42) 0.61 (0.28; 0.94) 

Age (years) 0.22 (-0.06; 0.50) -0.08 (-0.30; 0.13) 0.27 (0.11; 0.43) 

SES score (0-100) 0.02 (-0.01; 0.05) 0.01 (-0.01; 0.04) 0.00 (-0.02; 0.02) 

Family structure 
   

Live with both parents Reference Reference Reference 

Live with mother 0.28 (-0.39; 0.96) 0.27 (-0.26; 0.8) -0.04 (-0.42; 0.35) 

Live with father 0.60 (-0.85; 2.05) -0.20 (-1.33; 0.94) 0.64 (-0.19; 1.48) 

Other 0.22 (-1.07; 1.51) 0.11 (-0.90; 1.12) -0.05 (-0.79; 0.69) 

Dietary behavior 
   

 Unprocessed food (0-

10) -0.05 (-0.17; 0.07) -0.05 (-0.15; 0.04) 0.02 (-0.05; 0.08) 

 Processed food (0-10) 0.45 (0.28; 0.62) 0.36 (0.23; 0.49) 0.08 (-0.01; 0.18) 

Alcohol use in the last 30 

days  
   

No Reference Reference Reference 

Yes -0.22 (-0.83; 0.39) 0.10 (-0.38; 0.58) -0.33 (-0.69; 0.02) 

Tobacco use in the last 30 

days  
   

No Reference Reference Reference 

Yes -0.34 (-1.58; 0.86) 0.52 (-0.45; 1.46) -0.79 (-1.49; -0.09) 

Illicit drug 

experimentation  
   

No Reference Reference Reference 

Yes 0.43 (-0.44; 1.29) 0.14 (-0.54; 0.81) 0.31 (-0.19; 0.80) 
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Associations were testes using Linear Multilevel Regression models. 

95%CI: 95% confidence intervals; SES: socioeconomic status. 

Bold values refer to significant associations at p < 0.05. 

 

Table 4 shows that the sociodemographic, dietary, and substance use factors 

were not significantly associated with sleep duration in the present study. 
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Table 4. Association between sociodemographic, dietary, and substance use 

factors with sleep duration in a sample of Brazilian adolescents (n=731). 

  Sleep duration (hours/night) 

  Coefficient (95%CI) 

Sex   

Male Reference 

Female 0.10 (-0.10; 0.29) 

Age (years) -0.08 (-0.17; 0.01) 

SES score (0-100) 0.00 (-0.01; 0.01) 

Family structure 
 

Live with both parents Reference 

Live with mother 0.07 (-0.15; 0.29) 

Live with father -0.05 (-0.52; 0.43) 

Other -0.26 (-0.68; 0.17) 

Dietary behavior 
 

 Unprocessed food (0-10) -0.03 (-0.07; 0.01) 

 Processed food (0-10) -0.05 (-0.10; 0.01) 

Alcohol use in the last 30 

days  
 

No Reference 

Yes -0.16 (-0.36; 0.04) 

Tobacco use in the last 30 

days  
 

No Reference 

Yes -0.06 (-0.46; 0.34) 

Illicit drug 

experimentation  
 

No Reference 

Yes -0.04 (-0.32; 0.25) 

Associations were tested using Linear Multilevel Regression models. 

95%CI: profile 95% confidence intervals; SES: socioeconomic status. 
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Discussion 

The aim of the current study was to evaluate the associations between 

sociodemographic, dietary, and substance use factors with self-reported sleep 

duration, physical activity, and sedentary behavior indicators in a sample of Brazilian 

adolescents. In general, we found that the relationships between sociodemographic, 

dietary, and substance use factors with physical activity and sedentary behavior are 

type-specific, and no associations were observed for sleep. 

Our findings show that females engage in less total physical activity and sports, but 

not non-sport activities, compared to males. A review showed that females are usually 

less active than males in most scientific studies;72 however, this may also be 

dependent on the way physical activity is measured, as some evidence shows that this 

relationship is not true for all domains of physical activity.66 Non-sport activities include 

activities such as walking and engaging in gymnastics, which are typically preferred by 

females,179 whereas  boys may opt to engage in more sports due their preference for 

this kind of leisure activity. Evidence shows that boys overall prefer practicing physical 

activity over other leisure time activities, and that they enjoy practicing physical activity 

better compared to their female counterparts.180  

The results of our study also show that similar associations were observed for 

sedentary behaviors, as females engaged in less total and leisure sedentary 

behaviors, but more in involuntary sedentary behaviors compared to males. When 

domain-specific sedentary behaviors were analyzed in a sample of 9218 adolescents 

and adults from 8 Latin American countries, associations between sex and sedentary 

activities were domain-dependent, and in some cases country-dependent.181 For 

example, males engaged in more total sedentary behavior than females, but no 

differences were found for reading or talking on the phone, and videogame use was 

higher for males in some countries but not others.181   One reason as to why  females 

in our study engaged in more involuntary sedentary activities than boys relates to a 

higher volume of time spent studying, but may also be due to the fact that they engage 

in more sedentary work-related activities compared to males. These hypotheses have 

to be further explored in future studies. Further, limiting involuntary sedentary 
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behaviors may not always be an option, as working and studying using screens may 

be required even more with the advancement of technologies and applications.  

In relation to age, SES, and family structure, no associations were observed 

for total physical activity, total sedentary behavior, or sleep duration. However, age 

was positively associated with non-sports activities and involuntary sedentary 

behaviors. This may be explained by increased autonomy and responsibilities given to 

adolescents with age, as they join the workforce and may have increased loads of 

activities at school, while also more safely being able to actively commute. Similar 

trends were observed in Chinese children and adolescents between 2004 and 2011,66 

showing  an increase in domestic physical activity and in computer use. As for SES, a 

positive relation was observed for total physical activity, which may be associated with 

increased opportunities to buy equipment (e.g., bicycles) and afford clubs or gyms; 

however, as this association was not observed for either the non-sport or sport 

variable, this relation is not entirely clear. The association between SES and physical 

activity has been highlighted in previous studies, but the direction of the association 

may not be the same across countries,115 although evidence suggests that higher SES 

is associated with higher physical activity in Latin American countries.67 Lastly, family 

structure was associated with sports, with adolescents living only with their mothers 

reporting spending more time practicing sports compared to their peers  living with both 

father and mother. This finding is in line with results observed in a study with Chinese 

adolescents, where those who lived with single-parents were more active than those 

living in two-parent homes173. However, a study involving Norwegian adolescents 

observed that single-parent families were unfavorable for physical activity and sport 

participation compared to two-parent homes.174 A hypothesis is that adolescents in 

single-parent families may have more unsupervised time and autonomy to engage in 

other activities such as sports. However, it is difficult to determine how the family 

structure impacts behaviors such as physical activity, as it may be determined by social 

and cultural factors that vary between nations. 

Our results also indicate significant associations between dietary behaviors 

and physical activity and sedentary behavior, but not with sleep duration. Adolescents 

who reported eating more unprocessed foods had higher physical activity and sports 

participation, which may be attributed to a preference for healthy behaviors. Previous 

studies have shown that these behaviors tend to cluster among adolescents.141 This 



81 

 

 

 

corroborates with the positive associations observed in the present study between 

processed food scores and sedentary behaviors, and the negative association of this 

score with physical activity indicators. This is supported by a recent review that found 

that lower vegetable and fruit consumption, and higher consumption of energy-dense 

snacks and sugar-sweetened beverages, were associated with higher levels of 

sedentary behavior in pediatric populations.118 Snacking and unhealthy eating have 

been associated with time watching television69 and playing videogames,175 which may 

be explained by mental stress and cognitive processes related to reward systems.175 

Additionally, experimental studies have shown that eating while watching television 

may cause a delay in satiation and a reduction in internal satiety signals.182,183 Another 

possible explanation is that depending on the content and quantity of meals, 

postprandial sleepiness may occur, and adolescents may opt to engage in sedentary 

activities rather than physical activities if they are feeling tired or somnolent.184  

In relation to substance use, associations between alcohol and tobacco use 

and physical activity were observed, but not for sleep or sedentary behaviors. While a 

positive relationship was observed between alcohol and total physical activity, no 

associations were observed for either sports or non-sports. The use of alcohol has 

been  positively associated with physical activity among adolescents in other studies,68 

and this relation has been at least partially attributed to sport participation, as increased 

social activities after practice or during competitions would serve as opportunities for 

adolescents to experiment and drink alcoholic beverages. However, our results do not 

support this hypothesis, as we have not observed a significant association between 

sports and alcohol intake. It is not clear why this relationship was observed, and future 

studies should include more detailed questions in longitudinal designs to clarify this 

finding.  With regard to tobacco, a negative association with total physical activity was 

observed, which has also been observed among youth before.185 Independently of the 

modality, practicing physical activity is usually associated with a healthier lifestyle, 

which would also predispose participants to not engage in smoking. In relation to illicit 

drugs, we have observed no significant associations. A review has shown that results 

of this association are mixed,68 with varying results regarding experimentation and use, 

and by type of drug.68 
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There are several strengths with the present study, including the use of several 

independent variables that are not commonly analyzed together in studies with 

adolescents. Secondly, the inclusion of subtypes of physical activities and sedentary 

behaviors can provide additional useful information that cannot be obtained with the 

use of device-based measures.  Thirdly, the inclusion of a sample of adolescents living 

in a middle-income setting is worth of note, as most of the evidence in this field is from 

studies conducted in high-income countries. This study also has limitations important 

to mention, such as the cross-sectional design, which precludes cause-and-effect 

associations to be drawn.  The use of self-reported instruments, although necessary 

for the identification of types of activities, may be prone to memory and social 

desirability biases. Lastly, we have not included a non-screen based sedentary 

behavior indicator, which may have underestimated sedentary behaviors. 

In conclusion, we found that the association between sociodemographic, 

dietary, and substance use factors with the 24-hour movement behaviors not only 

depend on the volume of the behavior, but also on its type, which can be identified as 

“sports” and “non-sports” for physical activity, and “leisure” and “involuntary” for 

sedentary behaviors in the present study. Sex, age, and dietary behaviors were 

associated with physical activity and sedentary behaviors, while SES, family structure, 

use of alcohol, and use of tobacco were only associated with physical activity. Finally, 

no significant associations were found for sleep duration. Future studies should confirm 

these associations and determine the directionality using longitudinal designs, and 

these factors should be taken into consideration when planning interventions and 

policies among adolescents. 
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Abstract  

Background: The present cross-sectional study aimed to determine the 

proportion of adolescents meeting the 24-hour movement guidelines, and investigate 

sociodemographic factors associated with meeting them. Methods: Self-reported 

(average daily volume of MVPA, sleep duration, and time watching videos and playing 

videogames) and accelerometer-measured (MVPA and sleep duration) 24-hour 

movement behaviors were classified according to recommendations, and sex, age, 

socioeconomic status (SES), family structure, parental education, and number of 

people in the household were tested as correlates of meeting recommendations using 

multilevel logistic regressions. Results: The proportion of adolescents (n=867, mean 

age: 16.4 years, 50.3% girls) meeting the MVPA, ST, and sleep duration guidelines 

was of 25%, 28%, and 41%, respectively, for self-reported data. From accelerometer 

data (n=688), 7.1% met MVPA and 31.7% met sleep duration recommendations.  

Adherence to all three recommendations was 3% with self-report and 0.2% with 

accelerometer data. Boys were more likely to meet MVPA, but not ST and sleep-

duration recommendations. A positive relationship was observed between age and 

meeting the ST recommendation. Conclusions: Adherence to the sleep duration 

recommendation was higher than to the screen-time and MVPA recommendations and 

few in this sample of Brazilian adolescents achieved the 24-hour guidelines. Efforts 

are needed to improve 24-hour movement behaviors. 

 

Introduction 

Physical activity, sedentary behavior, and sleep are important behaviors that 

are each associated with cardiometabolic and mental health of children and 

adolescents5,111,186–188. The benefits of practicing regular physical activity, preventing 

excessive sedentary behavior, and having adequate sleep have resulted in the 

publication of specific guidelines for each of these behaviors after reviewing the best 

available evidence109–111,189,190. The world’s first 24-hour movement guidelines that 

integrate physical activity, sedentary, and sleep behavior recommendations were 

published in 2016 by Canada105, and soon after by New Zealand, Australia44, and 

others186. These guidelines suggest that adolescents should engage in 60 minutes of 

moderate-and-vigorous intensity physical activity (MVPA) daily12,44,105, should avoid 
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spending more than 2 hours per day in leisure-time screen activities44,105 (such as 

watching television or playing videogames), and should accumulate enough sleep (8-

10 hours per night for adolescents between 14 and 17 years)105. However, when 

assessing behaviors according to these criteria, many adolescents do not engage in 

enough MVPA113,191, spend excessive time on screen-based activities191, and do not 

obtain sufficient sleep192,193. 

Adhering to all guidelines is associated with more health benefits compared to 

meeting just one or none194–196; however, adherence to 24-hour movement guidelines 

is low. Only 7.2% of 9-11 year-olds were found to meet all three recommendations in 

a study with 12 countries between 2011 and 2013195, while 3% met all 

recommendations in a study with 22,115 Canadian adolescents (10-17 years) in 

2016197, and 5% of adolescents from the United States198. Furthermore, some 

population subgroups may be at increased risk of not meeting one72 or all guideline 

recommendations. For example, boys commonly engage in more MVPA72 and sleep 

better170,199–201 when compared to girls. Age is inversely associated with physical 

activity72 and sleep duration170 through adolescence, while an increase in recreational 

screen time is observed135. Lower socioeconomic status (SES) is also associated with 

less physical activity72, less screentime135, and poorer sleep79,202. And recently, the 

family structure (e.g., living with both parents or single parent) has also been shown to 

be associated with screen time203. Fewer girls and fewer older adolescents seem to 

meet all 24-hour movement recommendations compared to boys and younger peers 

in the United States198, while age was also inversely related to meeting all the 

guidelines simultaneously among Canadian adolescents197. 

Evidence on correlates of the 24-hour movement behaviors are from studies 

conducted predominantly on high-income countries72,197,198, and  may not reflect 

behaviors in middle- and low-income countries. This difference can be illustrated by 

the relationship with SES, that may be positively or negatively related with MVPA72 or 

screen time137 depending on the level of country development136. The aims of the 

present study were to i) determine the proportion of adolescents from Florianopolis, 

Brazil meeting the 24-hour movement guidelines; and ii) investigate sociodemographic 

factors associated with meeting the 24-hour movement guidelines. 
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Material and Methods 

 

Population and Sample 

Cross-sectional data from the baseline sample of the Estudo Longitudinal do 

Estilo de Vida de Adolescentes (ELEVA: Longitudinal study of the lifestyle of 

adolescents) was used. All adolescents (age range: 14-18 years) enrolled in public 

high schools integrated with professional courses of all schools in the mesoregion of 

Florianópolis, southern Brazil, were invited to participate. Data collection was 

conducted between August and December 2019. A total of 1618 students were listed 

by the schools (n=3), and 1269 were at the school during data collection visits and 

were invited to participate. Informed consent forms were given to students for their 

parents or legal guardians to sign, and an assent form was given to all students to sign. 

A total of 1010 students and parents signed the forms and were thus able to take part 

in the study. The research project was approved by the Ethics Committee in Research 

with Human Beings of the Universidade Federal de Santa Catarina (protocol number: 

3.168.745). 

 

Measures 

Physical activity and sleep duration were measured using Actigraph GT3x+ 

and wGT3x+ accelerometers. Trained researchers instructed the participants to wear 

the accelerometer 24-hours per day for one week on the non-dominant wrist, secured 

by a disposable PVC band. Participants were oriented to remove the accelerometer 

during water activities if the monitor would be submerged (e.g., surfing, swimming), but 

not for other water-based activities such as showering or washing the dishes. 

Accelerometers were programmed using a 30 Hz sampling frequency, and data were 

analyzed using 5-second epochs. Valid wear-time was identified using an adapted 

version of the analysis described by Van Hees et al. (2011).204 This algorithm looks at 

blocks of 15 minutes within each 60 minute windows, and classifies each block as non-

wear if the standard deviation of the 60-minute window is less than 13.0 mg 

(1mg=0.00981m/s2) for at least two out of the three axes or if the value range, for at 

least two out of three axes, was less than 50 mg. Participants were included in the 

analyses if they provided 4 days with 16 hours of valid accelerometer data after 
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exclusion of non-wear time. Acceleration of the vector magnitude was analyzed, and 

activities above 201.4 mg per epoch were classified as MVPA.102 Sleep duration was 

derived from the accelerometry data using the Heuristic algorithm looking at 

Distribution of Change in Z-Angle presented by Van Hees (2018)93. The sleep duration 

variable was estimated using the difference between sleep onset and wake-up, without 

excluding awakening periods. Analyses of raw accelerometer data were conducted 

using the GGIR package104.  

Self-reported physical activity was measured using the Self-Assessed Physical 

Activity Questionnaire, where participants reported weekly frequency (number of 

days/week) and duration (minutes/day) they practiced physical activity from a list of 22 

activities, with a space for adding non-listed activities. This instrument has been 

validated for Brazilian adolescents177. The weekly volume of MVPA was calculated by 

summing the volume (frequency*duration) of the listed activities, and the cut-off of 420 

minutes/week was used as equivalent to 60 minutes/day according to the guidelines 

for this age group. 

Screen time was assessed using two questions where participants answered 

the total hours and minutes per weekday or weekend day that they spend watching 

videos (e.g., movies, series, news) and playing videogames. The questions stated that 

they should consider time spent watching videos or playing on a smartphone, 

television, computer, tablet or any other electronic device. The answers were weighted 

using the following formula: ([volume on weekdays*5 + volume on weekend days*2]/7), 

and classified using the cut-off point of 2 h/day. This procedure was validated in a 

previous pilot study (n = 104 adolescents), yielding Gwet’s agreement coefficient of 

0.79. 

Sleep duration was estimated using the difference between the self-reported 

sleep onset (hour and minutes) and wake-up during weekdays. This question has been 

used in previous studies with Brazilian adolescents205,206. Implausible sleep duration 

values (<1 or >20, n=3) were interpreted as errors and dropped. Sleep duration was 

classified into meeting vs. not meeting the recommendations of 8-10 hours of sleep 

per night, as recommended for this age group105. 
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Sociodemographic variables included sex, age, SES, parental education, 

family structure (i.e., live with both parents, live with mother, live with father, live without 

father and mother), and number of people living in the same household. SES was 

calculated using a score derived from ownership of the following household items: 

bathrooms, housemaids, cars, computers, dish washers, fridges, freezers, washing 

machines, DVD players, microwave ovens, motorcycles, drying machines; highest 

education level of the family; having white water, and living on a paved street. The 

weight of each item was according to the Brazilian Association of Research 

Companies106. 

 

Statistical Analyses 

Participants’ characteristics were described using means and standard 

deviations, and relative and absolute frequencies for continuous and categorical 

variables, respectively. Comparison of characteristics between those who provided 

valid accelerometer data and those who did not was conducted using Student’s t-tests 

and Pearson’s Chi Squared tests. 

Mixed-effects logistic regression analyses were fit using adherence of all and 

each 24-hour movement behavior variables as dependent variables, and 

sociodemographic variables as independent variables considering the hierarchical 

structure of the data, where adolescents were nested within schools. Categorical 

variables were sex, family structure, and parental education, whereas age (in years), 

SES (in 0-100 score), and number of people in the household (count of people) were 

continuous. Analyses were conducted with R, version 3.6.0 for Windows, using the 

lme4 package. Significance was set at p<0.05 (two-tailed). 

 

Results 

Of the total of 1010 participants who provided consent and were authorized to 

participate, 837 (82.9%) provided responses for all questionnaire variables included in 

the present analyzes, and 688 (68.1%) provided valid accelerometer data on 4 or more 

days. Participants were 16.4±1.1 years old, and half (50.3%) were girls. Most 

participants (63.2%) lived with both parents, and had at least one parent with more 

than 11 years of education (60.1%). The sleep duration had the highest proportion of 

meeting the recommendation (41%), followed by screen time (28.6%) and MVPA 
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(25.1%), when self-report data were analyzed. When accelerometer data were 

analyzed, 7% met the MVPA guideline recommendation while 31.6% met the sleep 

duration recommendation (Table 1).  No differences were found by sex, SES, family 

structure, parental education, self-reported sedentary behavior, and self-reported 

sleep duration between those who provided valid accelerometer data and those who 

did not. However, the proportion of physically active participants with self-reported data 

was higher (34.9% vs 23.0%, p<0.05), and they were on average 0.36 years older 

(p<0.05, Supplementary table 1). 

  



90 

 

Table 1. Descriptive characteristics of the sample. 

      

 n (%) / Mean ± 

SD 

Sex     

 
Girls  

 
421 (50.3) 

 
Boys 

 
416 (49.7) 

Age (years)* 
 

16.4 ±1.1 

SES score [0-100]* 
 

48.9 ±10.0 

Number of people in the household* 3.8 ±1.2 

Family structure 
  

 
Live with both parents 

 
529 (63.2) 

 
Single parent 

 
267 (31.9) 

 
Does not live with parents 

 
41 (4.9) 

Highest education among parents 
 

 
>11 years 

 
503 (60.1) 

 
8-11 years 

 
275 (32.9) 

 
<8 years 

 
44 (5.3) 

 
Unknown 

 
15 (1.8) 

Recommendations using self-report 
 

 
MVPA (≥60 minutes/day) 

 
210 (25.1) 

 
Screen time (≤2 hours/day) 

 
239 (28.6) 

 
Sleep duration (8-10 hours/night) 345 (41.2) 

Recommendations using accelerometer data (n=688) 

 
MVPA (≥ 60minutes/day) 

 
49 (7.1) 

  Sleep duration (8-10 hours/night) 218 (31.7) 

*Mean and standard deviation (SD). 

MVPA: Moderate-to-vigorous physical activity; SES: 

Socioeconomic status. 

 

 

The proportion of participants meeting each combination of the 24-hour 

movement guidelines is presented in Table 2. When self-report data were analyzed, 

one third of students did not meet any of the guidelines, 42.3% met one 
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recommendation, 21.6% met two recommendations, and only 3.1% met all 

recommendations. When MVPA and sleep duration were measured using 

accelerometers, 45.5% of the participants did not meet any of the guidelines, 41.6% 

met one (20.5% met sleep duration only), 12.8% met two (9.5% met sleep duration 

and screen time only), and 0.2% met all three recommendations. 

 

Table 2. Proportion of participants meeting the MVPA, screen time, and sleep duration 

recommendations and various combinations based on self-report and accelerometer data.  

  

Self-report 

(n=837) 

Accelerometer-measured PA & Sleep 

(n=688) 

Recommendations n (%) n (%) 

All three 26 (3.11) 1 (0.15) 

Two Only 
 

Sleep duration & SB 

only 77 (9.2) 65 (9.45) 

Sleep duration & PA 

only 68 (8.12) 11 (1.6) 

PA & SB only 36 (4.3) 12 (1.74) 

One only 
 

Sleep duration only 174 (20.79) 141 (20.49) 

PA only 80 (9.56) 25 (3.63) 

SB only 100 (11.95) 120 (17.44) 

None 276 (32.97) 313 (45.49) 

PA: Physical activity; SB: Sedentary behavior 

 

 

The association between sociodemographic indicators and meeting all three 

and each of the 24-hour movement guideline recommendations measured with self-

report data can be observed in Table 3. Boys were more likely to meet MVPA 

guidelines (OR=1.75, 95% CI: 1.28-2.40) compared to girls, but less likely to meet the 
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screen time guidelines (OR=0.40, 95% CI: 0.29-0.55). A positive relationship was 

found for age and odds of meeting the screen time guidelines (OR=1.15, 95% CI: 1.00-

1.32). No statistically significant associations were observed for the other 

sociodemographic indicators and meeting any or all of the 24-hour movement behavior 

guidelines. 

 

Table 3. Sociodemographic correlates of meeting each and all of the 24-hour movement behavior guidelines 

using self-reported data (n=837 adolescents). 

    All   MVPA   Screen time   Sleep duration 

    

O

R 95%CI   

O

R 95%CI   

O

R 95%CI   

O

R 95%CI 

Sex                       

 
Girls (ref) 1 1 

 
1 1 

 
1 1 

 
1 1 

 
Boys 

0.7

2 

(0.32-

1.61) 
 

1.7

5 

(1.28-

2.40) 
 

0.4

0 

(0.29-

0.55) 
 

1.0

4 (0.79-1.37) 

Age (years) 

0.8

9 

(0.62-

1.26) 
 

1.0

1 

(0.88-

1.16) 
 

1.1

5 

(1.01-

1.32) 
 

0.8

9 (0.77-1.02) 

SES score 

1.0

2 

(0.98-

1.06) 
 

1.0

1 

(0.99-

1.03) 
 

0.9

9 

(0.97-

1.01) 
 

1.0

0 (0.98-1.02) 

Number of people in the 

household 

1.0

0 

(0.70-

1.42) 
 

1.0

5 

(0.92-

1.21) 
 

1.0

9 

(0.95-

1.26) 
 

0.9

6 (0.85-1.08) 

Family structure 
           

 

Live with both parents 

(ref) 1 1 
 

1 1 
 

1 1 
 

1 1 

 
Single-parent 

0.7

9 

(0.32-

2.00) 
 

1.1

3 

(0.78-

1.64) 
 

0.8

6 

(0.60-

1.22) 
 

0.8

6 (0.62-1.20) 

 

Does not live with 

parents x x 
 

0.7

5 

(0.33-

1.70) 
 

0.8

4 

(0.40-

1.78) 
 

0.8

9 (0.46-1.73) 

Highest education 

among parents 
           

 
>11 years (ref) 1 1 

 
1 1 

 
1 1 

 
1 1 

 
8-11 years 

1.0

9 

(0.46-

2.59) 
 

0.7

4 

(0.51-

1.08) 
 

0.8

4 

(0.59-

1.19) 
 

0.8

6 (0.63-1.18) 

 
<8 years 

0.8

5 

(0.10-

6.94) 
 

0.5

5 

(0.24-

1.26) 
 

0.8

4 

(0.41-

1.74) 
 

1.0

2 (0.53-1.95) 

  Unknown x x   

0.4

7 

(0.10-

2.16)   

0.7

9 

(0.24-

2.60)   

1.6

7 (0.57-4.89) 

All: Meet simultaneously the MVPA, screen-time, and sleep duration guidelines; MVPA: Moderate-to-vigorous 

physical activity; OR: Odds ratio; CI: Confidence Interval; 

Bold values indicate statistical significance at p<0.05. 
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The association between sociodemographic factors and meeting the MVPA 

and sleep duration recommendations measured by accelerometers can be observed 

in Table 4. Boys were more likely to meet the MVPA recommendation compared to 

girls (OR=2.72, 95% CI: 1.42-5.19), but had lower odds of meeting the sleep duration 

recommendation (OR=0.56, 95% CI: 0.40-0.78). No statistically significant 

associations were found for age, SES, number of people in the same household, family 

structure, and parental education with meeting the MVPA or sleep duration 

recommendations. 
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Table 4. Sociodemographic correlates of meeting the physical activity and sleep duration 

guidelines using accelerometer data. (n=688 adolescents) 

  Physical activity   Sleep duration 

  OR 95%CI   OR 95%CI 

Sex           

Girls (ref) 1 1 
 

1 1 

Boys 2.72 (1.42; 5.19) 
 

0.56 (0.4; 0.78) 

Age (years) 0.76 (0.58; 1.00) 
 

0.91 (0.78; 1.07) 

SES score 0.99 (0.95; 1.03) 
 

1.00 (0.98; 1.02) 

Number of people in the 

household 0.99 (0.77; 1.28) 
 

0.96 (0.84; 1.1) 

Family structure 
     

Live with both parents (ref) 1 1 
 

1 1 

Single-parent 1.05 (0.53; 2.09) 
 

1.14 (0.78; 1.65) 

Does not live with parents 0.7 (0.16; 3.19) 
 

1.22 (0.58; 2.57) 

Highest education among 

parents 
     

>11 years (ref) 1 1 
 

1 1 

8-11 years - - 
 

1.16 (0.8; 1.69) 

<8 years - - 
 

0.93 (0.43; 2.04) 

Unknown - -   1.36 (0.43; 4.33) 

OR: Odds ratio; CI: Confidence Interval; 

The variable of parental education has been omitted from the physical activity regression 

model, as no participants in the ‘Unknown’ category were inactive, and convergence was 

not achieved; 

Bold values indicate statistical significance at p<0.05. 

 

 

Discussion 

In the present study, we aimed to describe the prevalence and identify 

sociodemographic factors associated with meeting each and all of the 24-hour 

movement guidelines in a sample of Brazilian adolescents. Although no 

sociodemographic factors were associated with meeting all guidelines, some 

differences were observed for specific recommendations, with boys being more active 

than girls but with shorter sleep duration. These findings suggest that although no 
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differences are observed for the three recommendations concurrently, specific age and 

sex subgroups may need different approaches to meet all. These results differ from 

international studies, where older adolescents197,198 and girls195,198 were less likely to 

meet all guidelines than their counterparts. Overall, the low number of adolescents that 

met all three guidelines (3.1% of the sample when using self-report and 0.2% when 

using accelerometer data) suggests that greater efforts are needed to change 

behaviors.  This prevalence is similar to that found in a study with Canadian 10-17 

year-olds (3%)197, but lower than observed in the United States (7%)198, and in a study 

with 9-11 year-olds from 12 countries195 (7.2%). With such a low number of 

adolescents adhering to the 24-hour movement guidelines, efforts should be made to 

promote the adoption of healthy 24-hour movement behaviors among adolescents 

across many regions of the world. 

The MVPA recommendation was achieved by 25% of the participants (7.1% 

when accelerometer data were used) and was lower than screen time and sleep 

duration recommendations. Low adherence to the MVPA recommendation has been 

previously reported among adolescents113, and more specifically among girls72. 

Increasing MVPA levels would be beneficial for the population207 and healthcare 

systems208, and would also increase the proportion of adolescents meeting all 24-hour 

movement guidelines, as the combination of meeting sleep duration and screen time 

is most prevalent compared to those including MVPA. Although most interventions in 

low- and middle-income countries have not been successful153, new policies and action 

plans are needed to promote MVPA in this populational subgroup. 

Screen time recommendations were achieved by 28% of the participants. Two 

indicators of screen-time were used in this study, i.e., time watching videos (e.g., 

movies, series, news), and playing videogames, irrespective if these activities were 

performed using smartphones, tablets, computers or any other electronic device. This 

has to be taken into account when comparing the results with other studies, as the 

metric of screen-time varies with differences in measurement instruments143. Large 

variability has been observed with studies analyzing screen time in Brazilian samples 

of adolescents, with proportions of non-adherence with the guidelines varying between 

9.4% and 68%143, which may be at least partly attributable to different measures (e.g., 
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only television, or television and computer use) and cut-offs used to classify 

adolescents (e.g., 2 or 4 h/day). Even considering that the evidence for screen-time 

guidelines is limited111, the benchmark of 2 h/day is important for research and public 

health policy209, and for monitoring this behavior in research. In this study, boys were 

less likely to meet the screen-time recommendation compared to girls, similar to a 

study across 12 countries30. An inverse relationship was found with age, which is not 

consistent with current literature135,210. One possible explanation for this finding is that 

as adolescents age, they seem to engage in higher volumes of social media211 (not 

currently captured with many screen-time instruments), which may displace time 

watching videos and playing videogames, giving the wrong impression that time spent 

on screen-time is diminishing. 

Meeting the sleep duration recommendation had the highest adherence 

compared to MVPA and screen-time, with 41% and 31.7% of participants meeting the 

guideline when questionnaire and accelerometer data were analyzed, respectively. In 

a longitudinal study with 11,016 children and adolescents (6-17 years), Faught et al. 

found that 54.9% of the sample met the sleep duration guidelines in both survey years, 

while a national-wide study in Canada found that 66.2% of the 22,115 participants met 

the sleep duration recommendations, a higher proportion compared to MVPA and 

screen-time recommendations197. Although sleep duration was adequate for a higher 

proportion of adolescents compared to screen-time and MVPA in the present sample 

of Brazilian adolescents, less than half of the participants slept adequately regularly, 

which may negatively affect their health. Interventions targeting screen-time may be 

effective for positively impacting sleep, due to decreasing exposition to blue light212, 

and displacing one behavior for the other, which simultaneously helps increase 

adherence to both and possibly to all 24-hour movement behaviors. 

Differences between actigraphy and self-reported measures of sleep in 

adolescents have been shown to differ greatly213, which concurs with the difference 

between the adherence to sleep duration recommendations observed in the present 

study. Most studies reviewed for the publication of the Canadian 24-hour movement 

guidelines were from studies that used self-reported sleep109and may not be 

comparable to actigraphy measures of sleep duration. For example, as actigraphy 

records sleep duration and awakenings with more precision than self-reported 

instruments, it may be that the equivalent recommended sleep duration when using 
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accelerometers would be lower compared to the value using self-reported instruments. 

More studies with actigraphy and polysomnography are needed to provide accurate 

estimates of adequate sleep on health outcomes to support future guidelines. 

Parental education, SES, and family structure were not correlated with any of 

the 24-hour movement behaviors in the present study. These indicators have been 

associated with the 24-hour movement guidelines in other studies72, and are useful for 

identifying underlying inequities in health indicators. However, based on our results, 

parental education, SES, and family structure may not reflect inequities within the 

mesoregion where our sample is inserted, but could differ from other cities and states 

within the country. Although girls could benefit from specific PA interventions, and boys 

for sleep and screen time interventions, based on our sociodemographic indicators, 

policies and interventions aiming at the 24-hour movement behaviors should target 

adolescents from all social backgrounds. 

A limitation of the present study is the small size of the sample, which limits 

the power of inferential statistics (in the case of accelerometer data). Another limitation 

is the use of self-report instruments to measure habitual behaviors, which are prone to 

recall limitation and social desirability bias. To address that, we have also included 

accelerometer measures of sleep duration and MVPA, but it was not possible for 

screen time, as this behavior can be undertaken using many devices making it 

challenging to measure with precision. In addition, the cut-off used for classifying 

MVPA and the algorithm used to identify sleep from accelerometer data were not 

validated with a wide age group of adolescents, which may limit the accuracy of the 

estimates for these behaviors in this target population.  The main strength of the 

present study was the use of standard measures to analyze all 24-hour movement 

behaviors in a sample of adolescents from a middle-income country. 

 

Conclusions 

Approximately 3% of the participants met the MVPA, screen-time, and sleep 

duration recommendations simultaneously, while this proportion was 0.2% when 

accelerometer data were used for MVPA and sleep duration. Adherence to the sleep 

duration recommendation was higher than to the screen-time or MVPA 
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recommendations. Boys were more likely to meet the MVPA recommendations, but 

less likely to meet sleep duration and scree-time recommendations, and age was 

positively associated with adhering to the screen-time recommendation. Future 

policies and interventions should promote adherence to 24-hours movement behaviors 

in an integrated manner. 
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4. FINAL CONSIDERATIONS 

 

The present thesis aimed to analyze sociodemographic and behavioral 

correlates of accelerometer-measured and self-reported 24-hour movement behaviors 

in a sample of Brazilian adolescents. The results suggest that sex, age, socioeconomic 

status, family structure, screen time, dietary behavior, alcohol use, and tobacco use 

are associated with the 24-hour movement behaviors, and that associations may be 

behavior-specific, type-specific, and/or instrument specific. 

In relation to sex, this study adds to a broad body of evidence that suggests 

that males are more active than females. In addition to confirming this association with 

both accelerometer-measured and self-reported instruments, it was observed that this 

difference was intensity-specific when accelerometer-measured physical activity was 

analyzed, with females engaging in more light-intensity activities but less in moderate 

and vigorous activities. When a self-reported instrument was analyzed, it was observed 

that females engage in less sports and total physical activity, but not in non-sport 
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activities. The adherence to physical activity guidelines was also higher among males 

compared to females when using both self-reported and accelerometer data. Taken 

together, these results suggest that although females may need further incentives to 

be more active, this may be achieved with more domain-specific interventions, and for 

activities of higher intensities.  

When sedentary behavior was analyzed, females engaged in less 

accelerometer-measured sedentary behavior, less total screen time, less leisure-time 

screen time, but more involuntary sedentary behaviors (e.g. work and study). Taken 

together, females may need to reduce social media use, and males may need to 

reduce videogame use, while both could benefit in reducing the time watching videos. 

Finally, in relation to sleep, the only association observed suggested that females slept 

for longer than boys when accelerometer-measured sleep was observed. However, 

this difference was not observed for self-reported data or did not impact the adherence 

to guidelines. Both sexes could improve sleep duration, and males may need more 

incentives in this matter. 

In contrast to most of the available evidence, age was positively associated 

with non-sport physical activity, but not with any other indicator of physical activity. Age 

was positively related to sedentary behavior measured by accelerometer, with 

involuntary screen time, and with the odds of meeting screen time guidelines, but not 

with leisure-time sedentary behaviors. Additionally, no associations were found 

between age and sleep. 

Socioeconomic status was positively associated with self-reported total 

physical activity, but no other association was observed. Similarly, adolescents living 

only with the mother practiced more sports than those living with two-parents, but not 

with any other 24-hour movement behavior indicator. 

Screen time indicators, when analyzed as independent variables for the 

accelerometer-measured outcomes, were sex- and type-specific related to the 24-hour 

movement behaviors. Studying was related with higher sedentary behavior among 

females and less moderate-to-vigorous physical activity, while working was associated 

with lower sleep duration and higher light physical activity. As for the leisure-time 

screen time activities, watching videos was associated with higher sedentary behavior 
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among males, and less light and moderate-to-vigorous physical activity among both 

males and females. Videogames were associated with less light and moderate-to-

vigorous physical activity among males, and social media use was associated with less 

moderate-to-vigorous physical activity among females. These results suggest that how 

adolescents spend their time and the content they have access to might have a role in 

their behavior pattern throughout the day, and may need specific interventions to 

reduce screen time activities that they are used to. 

Regarding the dietary behaviors, it was observed that a higher ingestion of 

unprocessed foods, or fruits and vegetables, was associated with higher light physical 

activity, increased sport participation, and increased total self-reported physical 

activity. On the other hand, processed foods were related to increased accelerometer-

measured and self-reported sedentary behaviors, and negatively associated with 

accelerometer-measured and self-reported physical activity, including non-sport 

activities. This suggests that interventions may need to target both dietary behaviors 

and 24-hour movement behaviors among adolescents, as their impact on health are 

important for a healthy development, but they are also strongly related. 

The relationship between substance use and the 24-hour movement behaviors 

was also explored, and a positive relationship between alcohol intake and total self-

reported physical activity was observed, and an inverse relationship between tobacco 

use and self-reported physical activity was also observed. No other associations with 

any other 24-hour movement behaviors were observed, and illicit drug experimentation 

was not significantly associated with any indicator.  

Regardless of sex, age, socioeconomic status and other behavioral factors, 

adherence to 24-hour movement behavior guidelines was low, and increasing physical 

activity, getting adequate sleep, and reducing sedentary behavior should be the goal 

of policies aimed at all adolescents. 

This study has several limitations that need to be taken into account. Although 

a combination of methods was used, and recommended protocols followed, some 

analyzes, such as the estimation of sleep behaviors with accelerometry, were validated 

for adults, and not adolescents, and may not be as accurate in this specific subgroup. 

For the self-reported behaviors, memory and social desirability bias may be an issue, 

although it is not easy to prevent in surveys with low-cost instruments. The local 

characteristics of the sample may impair generalizability, as the adolescents that 
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compose the sample may be within similar environmental and social factors such as 

climate and local policies. Finally, the cross-sectional design precludes inferences 

about directionality and causality.  Although the study has several limitations, some 

strengths are also worth mentioning, such as the use of self-reported and 

accelerometer measures of the outcomes, which allows a better characterization of the 

outcomes. The novelty of studying a population of high school students integrated with 

professional courses brings more evidence to the literature that is scarce in this 

population. Finally,  the analyses of a middle-income setting, specifically Brazil, which 

is severely underrepresented in the literature, as highlighted in recent reviews that 

analyzed the 24-hour movement behaviors of adolescents.63,214 

In conclusion, the results of this thesis suggest that the 24-hour movement 

behaviors of adolescents are influenced by several sociodemographic and behavioral 

factors. The relationships involving the 24-hour movement behaviors appear to be 

type-specific, and that information may be of special interest when planning and 

optimizing future studies, interventions, policies, and practice.  

The present study adds to the existing literature by showing that the factors 

that are associated with the bodily movement, that being the act of moving measured 

by the accelerometer, are not necessarily determinants of how these movements are 

being made, in what context, and how they relate to the individuals that are moving. 

These relationships can be observed by mixing qualitative and quantitative information, 

and have been hypothesized before, but only a few studies have combined the 24-

hour accelerometer protocol and informative self-reported data with information about 

the types of activities like in the present study. Our data supports this hypothesis that 

the types of activities are as important as the amount of movement. This is not only the 

main strength of the present study, but the results suggest that novel studies need to 

address this hypothesis in order to advance the field. Summing screen time indicators 

in one volume variable and using it as a proxy of sedentary behavior has limitations, 

as screen time activities do not completely translate to sedentary behavior, and they 

are also determined by different factors (e.g., females engaged in more involuntary 

screen time, but less in leisure screen time). The same concept applies to other the 

24-hour movement behaviors.  
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This change in paradigm, by looking not only at how much movement is being 

made by focusing on energy expenditure, acceleration, and posture, may provide novel 

insights that will inform research, interventions, theories, guidelines, and practice. The 

present study has provided insights about the type of activities made, and this may 

play a role in future interventions as for example, it may be easier to reduce social 

media use by some hours a day, but not so easy to reduce the time watching videos. 

Similarly, promoting specific sport activities may be an easier way to promote more 

intense activities compared to promoting active commuting. Future studies are also 

needed to clarify if qualitative differences also impact health. For example, is it 

plausible that playing 30 minutes of soccer at an average 4 METs can provide more 

benefits for health compared to cycling for 30 minutes at the same average intensity? 

What activity can be more easily promoted or adopted by individuals, and which 

determinants play a role in that? 

Other aspects outside the scope of the present study, such as environmental 

indicators, timing indicators, among others, will also need to be investigated in an 

integrated way, as they may have a meaningful information for research aiming at 

understanding determinants of the 24-hour movement behaviors. New studies 

adopting this new approach, combining qualitative information from self-reported 

instruments (e.g., type, content, timing, environment, domain) and accelerometer-

measured indicators (e.g., frequency, duration, timing, volume) are recommended for 

future studies with other populational subgroups as well, as adults may relate 

differently to screen time activities, physical activities, and sleep patterns. 
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APPENDIX A. Authorization Term of the Colégio de Aplicação 

 

 

Source: Prepared by the author (2019). 
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APPENDIX B. Authorization Term of IFSC Campus São José 

 

 

Source: Prepared by the author (2018). 
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APPENDIX C. Authorization Term of the IFSC Campus Palhoça 

 

Source: Prepared by the author (2018). 
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APPENDIX D. Authorization Term of the IFSC Campus Mauro Ramos 

 

Source: Prepared by the author (2018). 
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Source: Prepared by the author (2018). 
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Source: Prepared by the author (2018). 
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Source: Prepared by the author (2018). 
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Source: Prepared by the author (2019). 

 



137 

 

 

 

APPENDIX E. Research questionnaire (version used in Campus São José, 

downloaded from the SurveyMonkey platform



138 

 



139 

 

 

 



140 

 



141 

 

 

 



142 

 



143 

 

 

 



144 

 



145 

 

 

 



146 

 



147 

 

 

 



148 

 



149 

 

 

 



150 

 



151 

 

 

 



152 

 



153 

 

 

 



154 

 



155 

 

 

 



156 

 



157 

 

 

 



158 

 

 

 

Source: Prepared by the author (2019). 



159 

 

 

 

 
 

APPENDIX F. Submission of article 1 to Applied Physiology, Nutrition, and 

Metabolism 

 

 
 

 
  



160 

 

Appendix G. Submission of Article 2 to Public Health 

 

 

  



161 

 

 

 

Appendix H. Submission of Article 3 to the Journal of Sports Sciences 

 

 



162 

 

 
Appendix I. First page of Article 4, published at PLOS ONE. 

 

 


	ABSTRACT
	LIST OF TABLES
	LIST OF ABBREVIATIONS
	SUMMARY
	1. INTRODUCTION
	1.1. OBJECTIVES
	1.1.1. General Objective
	1.1.2. Specific Objectives


	2. DEVELOPMENT
	2.2. MATERIAL AND METHODS
	2.2.1. Study design
	2.2.2. Ethical concepts of the study
	2.2.3. Population and sample
	2.2.4. Measurement of variables
	2.2.4.1. Physical Activity
	2.2.4.2. Sedentary behavior
	2.2.4.3 Sleep
	2.2.4.4. Covariates

	2.2.5. Procedures
	2.2.6. Treatment and reduction of data
	2.2.6.1.    Accelerometer data
	2.2.6.2. Questionnaire data

	2.2.7. Statistical analyses
	2.2.8. Pilot Study


	3. RESULTS
	3.1. ARTICLE 1: ASSOCIATION BETWEEN SOCIODEMOGRAPHIC, DIETARY, AND SUBSTANCE USE FACTORS AND ACCELEROMETER-MEASURED 24-HOUR MOVEMENT BEHAVIORS IN A SAMPLE OF BRAZILIAN ADOLESCENTS
	3.2. ARTICLE 2: ASSOCIATION BETWEEN SCREEN TIME AND ACCELEROMETER-MEASURED 24-HOUR MOVEMENT BEHAVIORS IN A SAMPLE OF BRAZILIAN ADOLESCENTS
	3.3. ARTICLE 3: ASSOCIATIONS BETWEEN SOCIODEMOGRAPHIC, DIETARY, AND SUBSTANCE USE FACTORS WITH SELF-REPORTED 24-HOUR MOVEMENT BEHAVIORS IN A SAMPLE OF BRAZILIAN ADOLESCENTS
	3.4. ARTICLE 4: PREVALENCE AND SOCIODEMOGRAPHIC FACTORS ASSOCIATED WITH MEETING THE 24-HOUR MOVEMENT GUIDELINES IN A SAMPLE OF BRAZILIAN ADOLESCENTS

	4. FINAL CONSIDERATIONS
	REFERENCES
	APPENDIX A. Authorization Term of the Colégio de Aplicação
	APPENDIX B. Authorization Term of IFSC Campus São José
	APPENDIX C. Authorization Term of the IFSC Campus Palhoça
	APPENDIX D. Authorization Term of the IFSC Campus Mauro Ramos
	APPENDIX E. Research questionnaire (version used in Campus São José, downloaded from the SurveyMonkey platform
	APPENDIX F. Submission of article 1 to Applied Physiology, Nutrition, and Metabolism
	Appendix G. Submission of Article 2 to Public Health
	Appendix H. Submission of Article 3 to the Journal of Sports Sciences
	Appendix I. First page of Article 4, published at PLOS ONE.


		2020-12-09T08:35:18-0300


		2020-12-09T08:35:51-0300




