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ABSTRACT 

 

The 24-hour movement behavior composition is a time-use construct accounting for 
the interdependence of physical activity of both light (LIPA) and moderate-to-vigorous 
(MVPA) intensities, sedentary behavior (SB), and sleep time (SPT). Adolescent’s time-
use composition was considerably affected by the outbreak of the COVID-19 
pandemic. However, the surveillance of the composition is challenging due to 
insufficient use of accelerometers (i.e., the gold standard instrument to assess all 
behaviors within composition) by participants. Efforts to improve the compliance with 
accelerometer protocols are required to further examine the long-term impact of the 
pandemic on the time-use composition. Thus, this thesis had two phases: Phase I 
aimed to compare accelerometer wear time and compliance between distinct wrist-
worn accelerometer data collection plans, and analyze sociodemographic and 
behavioral correlates of accelerometer compliance; Phase II was designed to analyze 
both between- and within-participant differences in accelerometer-assessed 24-hour 
movement behaviors by comparing cross-sectional and prospective data from the pre-
COVID-19 period to the period following the reopening of schools for in-person 
classes. In Phase I, a quasi-experimental study was designed. A sample of high school 
students wore accelerometers attached to the wrist by a disposable PVC wristband or 
a reusable fabric wristband for 24 hours over six days. Those who wore the reusable 
fabric band, but not their peers, were instructed to remove the device on water-based 
activities. Participants answered a questionnaire about sociodemographic and 
behavioral characteristics, and reported their experience of wearing the accelerometer. 
Compliance with wear-time criteria (i.e., at least three valid weekdays and one valid 
weekend) was computed considering two valid day definitions separately (i.e., at least 
16 and 23 hours of accelerometer data). Participants (n=137, 65% female, 16.3±1.0 
years) who wore a disposable band had greater compliance compared to those who 
wore a reusable band for both 16- (93% versus 76%, respectively) and 23-hour valid 
day definitions (91% versus 50%, respectively). Participants who were employed, who 
perceived that wearing the monitor hindered their daily activities, and felt ashamed 
while wearing the accelerometer were less likely to comply with wear-time criteria. In 
conclusion, the data collection plan composed of both using disposable wristbands and 
guidance to not remove the monitor provided greater 24-hour accelerometer wear time 
and compliance. In addition, findings suggest that a negative experience on using the 
accelerometer may be a barrier to high-schoolers’ adherence to rigorous protocols. In 
Phase II, a repeated cross-sectional with a nested cohort study was designed. 
Students enrolled in public high-school courses integrated with professional courses 
from the metropolitan region of Florianópolis were assessed in a pre-COVID-19 period 
(August to December 2019) and the period following the reopening of schools for in-
person classes in (August to December 2022). The 24-hour movement behaviors were 
assessed by processing raw accelerometer data derived from a 24-hour/7-day wrist-
worn protocol. Compositional multilevel models were applied to compare the 24-hour 
movement behavior composition between time points for both cross-sectional and 
prospective data. Self-reported sociodemographic characteristics were used to 
examine their inequities related to the composition. Cross-sectional and prospective 
samples comprised, respectively, 1276 (53% female, 16.4±1.1 years) and 249 (53% 
female, 15.6±0.8 years) participants. The 24-hour movement behavior composition 
differed between time points in the cross-sectional (p<0.001) and prospective samples 
(p<0.001) and these differences did not vary according to sociodemographic 



characteristics. Differences from 2019 to 2022 were explained by lower MVPA (-3.3 
and -5.4 min/day in cross-sectional and prospective analysis, respectively) and a 
higher SB (4.7 and 34 min/day in cross-sectional and prospective analysis, 
respectively). No significant differences were observed for LIPA and SPT. In 
conclusion, except for MVPA, differences in the 24-hour movement behavior 
composition comparing the cross-sectional samples, although statistically significant, 
were considered to have a limited practical impact. However, considerable differences 
were observed in the prospective analysis. The results suggest that the observed 
changes over time were partially anticipated as a natural consequence of aging during 
high school, and partially attributable to the residual impact of the pandemic. 

 
Keywords: Motor Activity; Sedentary Behavior; Sleep; Accelerometry; Motion Sensor; 
COVID-19; Compositional Analysis; 24-hour Movement Behaviors; Time-use 
Epidemiology 

 
 



RESUMO  

 

A composição dos comportamentos de movimento de 24 horas é um construto de uso 
do tempo que considera a interdependência entre a atividade física de intensidade 
leve (AFL) e moderada à vigorosa (AFMV), o comportamento sedentário (CS) e o 
tempo de sono. A composição do uso do tempo dos adolescentes foi 
consideravelmente afetada pelo surto da pandemia da COVID-19. No entanto, o 
monitoramento da composição é um desafio devido à baixa adesão ao uso de 
acelerômetros (instrumento padrão ouro para avaliar os comportamentos da 
composição de forma integrada) pelos participantes. São necessários esforços 
visando a melhora da adesão aos os protocolos de uso de acelerômetros para 
assegurar a representatividade de estudos voltados ao impacto de longo prazo da 
pandemia na composição do uso do tempo. Esta tese é composta de duas fases: A 
Fase I teve como objetivo comparar o tempo e a adesão aos critérios de uso de 
acelerômetros entre diferentes protocolos de coleta de dados, e analisar os correlatos 
sociodemográficos e comportamentais da adesão aos critérios de uso de 
acelerômetros em adolescentes; A Fase II foi desenhada para analisar as diferenças 
transversais e prospectivas dos comportamentos de movimento de 24 horas, aferidos 
por acelerômetro, a partir da comparação do período pré-COVID-19 com o período 
posterior à reabertura das escolas para aulas presenciais. Na Fase I, elaborou-se um 
estudo quase-experimental. A amostra foi composta por estudantes do ensino médio 
que usaram acelerômetros no punho por 24 horas por seis dias consecutivos. Os 
acelerômetros foram fixados com pulseiras de PVC descartáveis ou de tecido 
reutilizável. Participantes que utilizaram a pulseira de tecido reutilizável, mas não 
aqueles com a pulseira removível, foram instruídos a remover o dispositivo em 
atividades aquáticas. Características sociodemográficas, comportamentais e 
referente à experiência de uso do acelerômetro foram autorrelatadas. Avaliou-se a 
adesão aos critérios de uso do acelerômetro considerando o mínimo de três dias de 
semana e um fim de semana válidos, computados para duas definições de dia válido 
(mínimo de 16 e 23 horas). Observou-se que participantes (n=137, 65% do sexo 
feminino, 16,3±1,0 anos) que utilizaram a pulseira descartável apresentaram maior 
adesão aos critérios de uso do acelerômetro em comparação ao grupo que utilizou a 
pulseira reutilizável, tanto para definição de dia válido de 16 horas (93% vs. 76%, 
respectivamente) quanto de 23 horas (91% vs. 50%, respectivamente). Participantes 
empregados, que perceberam que o dispositivo atrapalhava suas atividades diárias e 
que se sentiam constrangidos ao usá-lo, apresentaram menor adesão aos critérios de 
uso do acelerômetro. Conclui-se que o protocolo de coleta de dados caracterizado 
pelo uso de pulseiras descartáveis e pela orientação para não remover o monitor 
resultou em maior tempo e adesão ao uso do acelerômetro ao longo de 24 horas. 
Além disso, os achados sugerem que uma experiência negativa em relação ao uso do 
acelerômetro pode ser uma barreira para a adesão a protocolos rigorosos em 
estudantes do ensino médio. Na Fase II, delineou-se um estudo transversal repetido 
com uma coorte aninhada. A amostra foi composta de estudantes matriculados em 
cursos integrados de ensino médio e ensino técnico profissionalizante em instituições 
públicas da região metropolitana de Florianópolis. As coletas de dados foram 
realizadas em dois períodos: pré-COVID-19 (agosto a dezembro de 2019) e após a 
reabertura das escolas para aulas presenciais (agosto a dezembro de 2022). Os 
comportamentos de movimento de 24 horas foram derivados de dados brutos de 
acelerômetro acoplado ao punho não-dominante por 24 horas/7 dias. Utilizou-se de 



análise composicional multinível para comparar a composição dos comportamentos 
do movimento de 24 horas entre os anos 2019 e 2022 para ambos os dados 
transversais e prospectivos. Características sociodemográficas autorreferidas foram 
utilizadas para examinar inequidades relacionadas à composição do movimento. As 
amostras transversal e prospectiva incluíram, respectivamente, 1276 (53% do sexo 
feminino, 16,4±1,1 anos) e 249 (53% do sexo feminino, 15,6±0,8 anos) participantes. 
A composição dos comportamentos de movimento de 24 horas diferiu entre 2019 e 
2022 nas amostras transversal (p<0,001) e prospectiva (p<0,001), e essas diferenças 
não variaram conforme as características sociodemográficas. As diferenças de 2019 
para 2022 foram explicadas pela redução em AFMV (-3,3 e -5,4 min/dia nas análises 
transversal e prospectiva, respectivamente) e aumento do CS (4,7 e 34 min/dia nas 
análises transversal e prospectiva, respectivamente). Não foram observadas 
diferenças significativas para AFL e sono. Conclui-se que, exceto para AFMV, as 
diferenças na composição do comportamento de movimento de 24 horas entre as 
amostras transversais, embora estatisticamente significativas, foram consideradas 
triviais e de impacto prático limitado. No entanto, diferenças consideráveis foram 
observadas na análise prospectiva. Os resultados sugerem que as mudanças 
observadas entre 2019 e 2022 foram, em parte, esperadas como consequência 
natural do avançar da idade durante o ensino médio, com uma parcela atribuível ao 
impacto residual da pandemia. 
 
Palavras-chave: Atividade Motora; Comportamento Sedentário; Sono; Acelerometria; 
Sensor de Movimento; COVID-19; Análise Composicional; Comportamentos de 
Movimento de 24 horas; Epidemiologia do Uso do Tempo. 
 

 



RESUMO EXPANDIDO 

 

Introdução  
A composição do comportamento de movimento de 24 horas é um construto de uso 
do tempo composto por comportamentos mutuamente exclusivos que descrevem o 
padrão de movimento corporal que ocorre quando os indivíduos estão acordados ou 
dormindo e é limitado a 24 horas por dia. A composição considera a atividade física 
de intensidades leve (AFL) e moderada a vigorosa (AFMV), o comportamento 
sedentário (CS) e o tempo de sono. Recomenda-se que adolescentes busquem um 
equilíbrio saudável no uso do seu tempo de forma a beneficiar sua saúde. No entanto, 
o monitoramento da composição enfrenta dificuldades devido ao uso insuficiente de 
acelerômetros (instrumento padrão-ouro para avaliar todos os comportamentos dentro 
da composição) pelos adolescentes. A melhoria do tempo de uso do acelerômetro 
favorece a representatividade da avaliação comportamental, que por sua vez, é 
especialmente necessária em momentos de enfrentamento a mudanças abruptas na 
rotina da população. O surto da pandemia de COVID-19 repercutiu na redução do 
tempo despendido em atividade física, no aumento do tempo em comportamento 
sedentário e em alterações desfavoráveis no tempo de sono em adolescentes. No 
entanto, tais mudanças comportamentais foram observadas durante as fases iniciais 
da pandemia e os efeitos de longo prazo permanecem desconhecidos. 
 
 
Objetivos 
Esta tese é composta de duas fases: A Fase I teve como objetivo comparar o tempo 
e a adesão aos critérios de uso de acelerômetros entre diferentes protocolos de coleta 
de dados, e analisar os correlatos sociodemográficos e comportamentais da adesão 
aos critérios de uso de acelerômetros em adolescentes; A Fase II foi desenhada para 
analisar as diferenças transversais e prospectivas dos comportamentos de movimento 
de 24 horas, aferidos por acelerômetro, a partir da comparação do período pré-
COVID-19 com o período posterior à reabertura das escolas para aulas presenciais. 
Foi também investigado o grau em que as diferenças comportamentais observadas 
entre 2019 e 2022 variam conforme características sociodemográficas. 
 
Fase I 
 
Métodos 
Elaborou-se um estudo quase-experimental. A amostra foi composta por estudantes 
do ensino médio (n=143), recrutados a partir de uma escola selecionada por 
conveniência devido ao perfil semelhante à população alvo da Fase II.  Os 
participantes usaram acelerômetros no punho por 24 horas por seis dias consecutivos. 
Os acelerômetros foram fixados com pulseiras de PVC descartáveis ou de tecido 
reutilizável. Participantes que utilizaram a pulseira de tecido reutilizável, mas não 
aqueles com a pulseira removível, foram instruídos a remover o dispositivo em 
atividades aquáticas. Características sociodemográficas, comportamentais e 
referente à experiência de uso do acelerômetro foram autorrelatadas. O tempo de uso 
do acelerômetro foi computado a partir de dados brutos de aceleração e utilizado para 
avaliar a adesão aos critérios de uso do acelerômetro. Avaliou-se a adesão aos 
critérios de uso do acelerômetro considerando o mínimo de três dias de semana e um 
fim de semana válidos, computados para duas definições de dia válido (mínimo de 16 



e 23 horas) A comparação do tempo de uso e da adesão ao critério de uso do 
acelerômetro, bem como seus correlatos, foram analisados a partir de regressão linear 
múltipla e logística, respectivamente. A proporção de participantes que aderiram ao 
protocolo de uso do acelerômetro (isto é, atenderam aos critérios mínimos de tempo 
de uso) por grupo comparado foi estimada a partir das análises inferenciais. 
 
Resultados 
Do total de 143 participantes, 137 apresentaram dados completos para as variáveis 
de interesse e foram analisados. Os participantes (65% do sexo feminino, 16,3±1,0 
anos) que utilizaram a pulseira descartável apresentaram maior adesão ao protocolo 
de uso do acelerômetro em comparação ao grupo que utilizou a pulseira reutilizável, 
tanto para definição de dia válido de 16 horas (93% vs. 76%, respectivamente) quanto 
de 23 horas (91% vs. 50%, respectivamente). Participantes empregados, que 
perceberam que o dispositivo atrapalhava suas atividades diárias e que se sentiam 
constrangidos ao usá-lo, apresentaram menor adesão aos critérios de uso do 
acelerômetro. 
 
Conclusão 
O protocolo de coleta de dados caracterizado pelo uso de pulseiras descartáveis e 
pela orientação para não remover o monitor resultou em maior tempo e adesão ao 
uso do acelerômetro ao longo de 24 horas. Além disso, os achados sugerem que uma 
experiência negativa em relação ao uso do acelerômetro pode ser uma barreira para 
a adesão a protocolos rigorosos em estudantes do ensino médio.  Considera-se que 
a implementação de protocolos de coleta de dados com estratégias para a redução 
das oportunidades de remoção do acelerômetro (por exemplo, selando o acelerômetro 
para permitir o uso durante atividades aquáticas; fornecendo um número limitado de 
pulseiras de punho descartáveis) pode melhorar substancialmente a adesão aos 
protocolos de monitoramento de 24 horas. Contudo, são necessários esforços para 
assegurar a integridade física dos aparelhos. 
 
Fase II 
 
Métodos 
Delineou-se um estudo transversal repetido com uma coorte aninhada. Todas as 
escolas públicas que ofertavam cursos integrados de ensino médio e ensino técnico 
profissionalizante na região metropolitana de Florianópolis (n=3) participaram do 
estudo. Adotou-se estratégia de censo, logo, todos os estudantes matriculados e que 
estavam frequentando as aulas foram convidados a participar do estudo. As coletas 
de dados foram realizadas em dois períodos: pré-COVID-19 (agosto a dezembro de 
2019) e após a reabertura das escolas para aulas presenciais (agosto a dezembro de 
2022). A transição oficial do ensino remoto para totalmente presencial ocorreu em 6 
de junho de 2022 nas escolas participantes. Os comportamentos de movimento de 24 
horas foram derivados de dados brutos de acelerômetro acoplado ao punho não-
dominante por 24 horas/7 dias, adaptado conforme os achados da Fase I. Utilizou-se 
de análise composicional multinível para comparar a composição dos 
comportamentos do movimento de 24 horas entre os anos 2019 e 2022 para ambos 
os dados transversais e prospectivos. Características sociodemográficas 
autorreferidas foram utilizadas para examinar inequidades relacionadas à composição 
do movimento. 
 



Resultados 
Do total de 2008 participantes da amostra transversal repetida, 1276 (53% do sexo 
feminino, 16,4±1,1 anos) apresentaram dados completos para as variáveis de 
interesse e foram analisados. De 333 participantes elegíveis para a coorte aninhada, 
249 (53% do sexo feminino, 15,6±0,8 anos) apresentaram dados completos em 2019. 
Destes, 138 (54% do sexo feminino, 15.4±0.7) foram avaliados novamente em 2022.  
A composição dos comportamentos de movimento de 24 horas diferiu entre 2019 e 
2022 nas amostras transversal (p<0,001) e prospectiva (p<0,001). As diferenças de 
2019 para 2022 foram explicadas pela redução em AFMV (-3,3 e -5,4 min/dia nas 
análises transversal e prospectiva, respectivamente) e aumento do CS (4,7 e 34 
min/dia nas análises transversal e prospectiva, respectivamente). Não foram 
observadas diferenças significativas para AFL e sono. Ainda, verificou-se que os 
correlatos sociodemográficos da composição do tempo de uso em 2019 persistiram 
em 2022.  
 
Conclusões 
Observou-se que, exceto para AFMV, as diferenças na composição do 
comportamento de movimento de 24 horas entre as amostras transversais, embora 
estatisticamente significativas, foram consideradas triviais e de impacto prático 
limitado. No entanto, diferenças consideráveis foram observadas na análise 
prospectiva. Os resultados sugerem que as mudanças observadas entre 2019 e 2022 
foram, em parte, esperadas como consequência natural do avançar da idade durante 
o ensino médio, com uma parcela atribuível ao impacto residual da pandemia. Embora 
o impacto negativo das fases iniciais da pandemia nos comportamentos de movimento 
de 24 horas, previamente identificado por vários estudos, não tenha sido observado 
com a reabertura das escolas, a busca por um equilíbrio saudável no uso do tempo 
permanece como uma prioridade de saúde pública, uma vez que o cenário 
epidemiológico era desfavorável antes mesmo da pandemia. 
 
Palavras-chave: Atividade Motora; Comportamento Sedentário; Sono; Acelerometria; 
Sensor de Movimento; COVID-19; Análise Composicional; Comportamentos de 
Movimento de 24 horas; Epidemiologia do Uso do Tempo. 
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DOCUMENT STRUCTURE 

 

This Doctoral thesis is structured according to the traditional format in the norm 

02/2023 of the Graduate Program in Physical Education of the Schools of Sports of 

the Universidade Federal de Santa Catarina. The research refers to a major study with 

two phases (Figure 1). Phase I comprehends a pilot study with a quasi-experimental 

design to examine how the wrist-worn accelerometer protocol may affect selection bias 

in order to guide decisions to be applied to the main study. Phase II comprehends the 

main study with a repeated cross-sectional with a nested cohort design aimed to 

examine the accelerometer-assessed 24-hour movement behaviors throughout high 

school in the context of the COVID-19 pandemic. Each phase was presented with its 

own rationale, methods, and results to ease the comprehension.  

 Phase I was published as a manuscript in the Journal for the Measurement of 

Physical Behaviour on 23 August 2021.1 Therefore, most of its content was preserved 

as accepted for publication with minor changes for cohesion. Please refer to the 

published version whenever a citation is intended for sections 1.1 and 3 

(https://doi.org/10.1123/jmpb.2020-0062). The first page of the published manuscript 

is attached (Appendix A). 

 

Figure 1 – Research scheme 

 

Source: author 

https://doi.org/10.1123/jmpb.2020-0062


21 

1 INTRODUCTION 

 

1.1 MOVING BEYOND HIP-WORN ACCELEROMETER PROTOCOLS 

 

The measurement of movement behaviors, including physical activity, 

sedentary behavior (SB), and sleep time (SPT) has been a challenge to researchers 

for decades;2,3 recent advances have enabled these three movement behaviors to be 

measured with accelerometers in an integrated way.4 A shift toward wrist-worn instead 

of hip-mounted accelerometers5–7 and the application of 24-hour protocols8 that require 

wearing the device for time-specific activities (e.g., night sleep or daytime physical 

activity) have increased the adherence to accelerometer monitoring protocols (e.g., 

wearing the devices for a week) among children and adolescents, and consequently 

increased the amount of acceleration data available for researchers to analyze. 

However, researchers still face challenges of providing a convenient and comfortable 

experience for participants when wearing the accelerometers for several days,9,10 

which may affect the adherence with wear time criteria and the accuracy of movement 

behavior estimates.11 

The impact of instructions included in accelerometer data collection plans (e.g., 

removing or not removing the accelerometer for water-based activities) and 

adolescents’ perception (e.g., finding it shameful to wear, or being bothered by it during 

sleep) of wrist-worn accelerometer compliance is not clear.10 Previous studies have 

shown that physical discomfort, esthetics, and concern about damaging or losing the 

accelerometer were common reasons for youth to not wear hip-mounted 

accelerometers.12,13 In regard to a wrist-worn device, reasons for not wearing it include 

esthetics, difficulty in putting it on, and the inconvenience of wearing it, especially 

during organized sports.14 Forgetting to put it on is also frequently reported;12–14 

recommended strategies to improve compliance include posting sticky notes on doors, 

setting alarms, and sending mobile phone reminders.14 However, evidence is scarce 

on how the frequency of situations which require the removal of the accelerometers 

impacts non-wear time. For example, reminders may not be effective in situations 

where accelerometers are removed for showering or washing dishes. Thus, strategies 

focused on reducing accelerometer removal and improving participant’s comfort when 

using the devices are required. 
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Noncompliance with accelerometer wear time criteria, and consequently, 

exclusion of participants from analytic samples, may not occur randomly, which may 

affect population estimates of movement behaviors through selection bias.2 Previous 

studies in high-income countries found that boys15 and younger adolescents15,16 were 

less likely to comply with hip-mounted accelerometer wear time criteria while a middle-

income country study observed higher hip-mounted compliance among girls.17 In such 

cases, levels of physical activity may be underestimated among boys or younger 

adolescents, who are more likely to be active,18 and underrepresented. Although an 

increase of monitoring protocol compliance due to the use of wrist-worn 

accelerometers is expected, potential sources of selection biases may not be mitigated 

and require investigation. For example, a repeated-measures study, conducted in a 

sample of 1,734 girls, showed that wrist-worn accelerometer wear time was inversely 

associated with age and also related to ethnicity.19 In the context of 24-hour movement 

behaviors, selection bias emerges if higher levels of physical activity, activity type, and 

sleep parameters are associated with accelerometer wear time. In such cases, the 

outcome of interest, which is being assessed using accelerometers, may be a source 

of bias. Rowlands et al. observed a positive association between levels of physical 

activity and compliance with wear time criteria that was consistent at baseline, and 

both at 7- and 14-month follow-up.19 In this sense, evidence of sociodemographic and 

behavioral correlates of wrist-worn accelerometer compliance is needed. 

Considering the shift in accelerometer monitoring protocols for measuring 

movement behaviors, and the need to understand correlates of accelerometer 

compliance to prevent underrepresentation of specific subgroups, this study (Phase I) 

of high school students aimed to: (a) compare accelerometer wear time and 

compliance with wear time criteria between two data collection plans which differed 

according to the type of wristband and instructions on removing or not removing the 

device, (b) analyze participants’ perception of using wrist-worn accelerometers, and 

identify sociodemographic and behavioral correlates of accelerometer wear time 

criteria based on the 24-hour wrist-worn accelerometer protocol. 

 

1.2 THE 24-HOUR MOVEMENT BEHAVIORS IN THE COVID-19 ERA 

 

Physical activity, SB, and SPT are mutually exclusive behaviors that comprise 

the 24-hour movement behavior composition construct.3 This construct describes the 
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pattern of body movement (below or above resting-equivalent energy expenditure) that 

occurs when individuals are awake or asleep and is constrained to 24 hours per day.3,20 

Evidence of how each component of the 24-hour movement behavior composition 

affects health is abundant,21–24 however, it is mostly based on studies that did not 

account for the dependency of the 24-hour movement behaviors,25 and, thus, may not 

reflect the true effect of such behaviors on health. The time-use epidemiology 

paradigm has recently emerged, suggesting that behaviors competing for an 

individual’s time within a fixed time framework should be examined and promoted as a 

whole time-use construct.3,26 For instance, when considering movement behaviors as 

a composition constrained into 24 hours, an individual who increases their time in 

physical activity would need to reallocate time from other activities such as sleeping. 

The source of time to be displaced among behaviors has a direct effect on health and 

should be accounted for in health-promoting efforts.27,28 Such perspective was 

accounted for in recent guidelines proposed by Canadian29 and Australian30 public 

health agencies. The message, therefore, is that individuals should pursue an optimal 

balance of using their time in order to benefit their health.  

Although all age groups should be targeted, monitoring and promoting 24-hour 

movement behaviors are exceptionally important to youth. The transition from infancy 

to adolescence is marked by the increase in the individual’s control over their 

experiences, and their adolescent behaviors tend to track into adulthood.31 According 

to the Canadian and Australian 24-hour Movement Guidelines,29,30 adolescents should 

spend at least 4% (1 hour) of their daily time in moderate-to-vigorous physical activity 

(MVPA), from 33% (8 hours) to 41% (10 hours) in SPT, and no more than 8% (2 hours) 

of their time in recreational screen time, which is a component of SB. To account for 

100% of the day from a movement perspective, it is recommended that adolescents 

increase their remaining time in light-intensity physical activity (LIPA) and reduce the 

time on other components of SB. Unfortunately, the global estimates of 24-hour 

movement behaviors are far from optimal. Summarized evidence from multiple 

countries shows that only 2.7% of adolescents met all of the recommendations in the 

24-hour Movement Guidelines.32 The prevalence of compliance with the 

recommendations, which is based mainly on self-reported data, was 19% for MVPA18 

and 48% for screen time.33 The adherence to the recommended range of SPT was 

found to be more heterogeneous among countries (e.g., 26% in Czech Republic,34 

32% in Germany,35 41% in Brazil,36 66% in Canada37). Additionally, the time spent in 
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MVPA38,39 and SPT40,41 tends to decrease while screen time tends to increase33 

throughout adolescence. Although often more scalable, self-reported instruments of 

movement behaviors are currently unable to provide accurate estimates of LIPA and 

overall SB and, thus, cannot account for the whole spectrum of time-use over 24 hours. 

This limits the understanding of the distribution of movement behaviors, given that the 

sources of over-time changes are unknown. 

The objective measurement of 24-hour movement behaviors using 

accelerometers allows the behaviors to be assessed as a single construct proposed 

by the time-use epidemiology framework. Accelerometer data are more accurate and 

less prone to bias than self-report data,42,43 and due to the time-stamped output on a 

day-to-day basis, movement behaviors derived from acceleration signals sum to 24 

hours a day. However, accelerometer-based global estimates on the integrated 

approach, expressed as the proportion of time relative to the 24 hours spent in each 

behavior, are still lacking. According to evidence from Brazil,44 Australia,45 and UK,46 

the average distribution of the movement behaviors ranges from 1.4% to 3.7% for 

MVPA, 10.5% to 14.6% for LIPA, 44.1% to 55.4% for SB and 30.3% to 39.9% for SPT. 

Prospective data shows that the trend for objectively-measured MVPA47–50 and SPT51 

with aging are similar in direction but not magnitude to the findings derived from self-

reported data. In addition, the time spent in overall SB49,52,53 and LIPA52 tend to 

increase and decrease throughout adolescence, respectively. Therefore, this evidence 

suggests that the increase of time in SB with age seems to be from reallocating the 

movement behaviors that public health efforts are to improve (i.e., SPT, MVPA, and 

LIPA). 

The promotion of an optimal balance of time-use among adolescents, which 

has been historically challenging,54 had yet to face the unexpected outbreak of the 

novel coronavirus (SARS-CoV-2) that led to the declaration of the COVID-19 pandemic 

early in 2020.55 Due to the exponential growth of the infection, several preventive 

measures were adopted worldwide, focusing on mitigating community transmission. 

The main preventive measures were social restrictions and isolation protocols that, 

although effective in delaying the growth of infection, had several adverse effects on 

adolescents’ health.56–58 This population, who have a daily routine where in 

approximately 50% of their waking hours are spent at school, was directly affected by 

the closure of community areas (e.g., schools, gyms, clubs) and the transition from in-

person to remote school classes. Implementing rigorous restrictive measures 
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accompanied by strong stay-home messages and changes in youth routines during 

the early stages of the COVID-19 pandemic did not favor healthy time-use profiles. 

A plethora of evidence from several systematic reviews shows that the 24-hour 

movement behaviours were negatively affected during the first year of the pandemic,59–

62 a period that was marked by the implementation of restrictive measures ranging from 

public health recommendations (e.g., keeping a safe distance from others) to severe 

policies  (e.g., lockdowns and curfews). Findings from a systematic review using self-

reported and accelerometer-measured data show that adolescents reduced their time 

spent in MVPA by 28 min/day while no changes were confirmed for LIPA compared to 

the pre-pandemic period.59 Sedentary time considerably increased with consistent 

evidence from both cross-sectional and prospective studies.61,62 Sleep time slightly 

increased from the pre-pandemic period to the first year of COVID-19.61,62 Such 

behavioural changes, however, appear to vary based on the stringency of restrictive 

measures, which became more relaxed after the first waves of the pandemic. For 

instance, a prospective study conducted in Wales found an increase in accelerometer-

assessed physical activity of different intensities among children and adolescents 

when comparing the lockdown period (Jan-Feb, 2021) with the return to school (Apr-

May, 2021).63 A repeated cross-sectional study of Korean adolescents observed higher 

levels of self-reported physical activity during both school and leisure time post-

COVID-19 (April-2023) compared to during COVID-19 (July-2022).64 Another 

prospective study in Sweden found increased SPT in mid-2021 compared to the pre-

COVID-19 period, while accelerometer-assessed MVPA remained stable65 

Considering that the easing of COVID-19 related restrictions occurred at different time 

points between countries and territories, the evidence from post-restrictions, 

particularly the opening of schools, is scarce. 

The impact of the pandemic on the 24-hour movement behaviors seems to 

vary according sociodemographic characteristics,62 and, therefore, the pandemic may 

play a role in worsening the inequalities related to these behaviors. The negative 

impact on family income, which was more likely among individuals from lower strata of 

sociodemographic level,66 may be partially responsible for reducing time on physical 

activity. The lack of opportunities for physical activity due to restrictive measures (e.g., 

closure of clubs and schools) accompanied by strong stay-home messages favored 

the reallocation of time from physical activity to SB. Such changes to unhealthier 

patterns of time use may be more pronounced among males who are more likely to 
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engage in sport activities67,68 available at clubs and schools than females. Younger 

adolescents spend more time in free play activities and may be less dependent on 

sports programs to maintain their physical activity level than their older counterparts.68 

A Canadian prospective study observed that females and adolescents from lower 

socioeconomic strata had a higher increase in SPT69 and screen time70 than their peers 

during the early phases of the pandemic.  However, the authors did not explore 

potential reasons for widening these inequities. In fact, it is plausible to assume that 

the impact of the pandemic on movement behavior inequities is region-specific and 

diverges according to time and stringency of pandemic countermeasures. Evidence 

from countries with pronounced health inequities, such as Brazil, should be further 

explored. The response of the Brazilian government to the pandemic included a slow 

rollout of vaccination coverage, a collapse of the healthcare system,71 and a denialist 

political leadership.72 As a result, the country had a mortality rate four times the global 

average, contributing to 11% of global COVID-19 deaths by the pandemic's end.71  

Although the literature on changes in the 24-hour movement behaviours during 

the early stages of the COVID-19 pandemic is well documented, the following scenario 

permeates the current state of art 60,61: (a) most of the available evidence accounted 

for comparisons within the first year of the pandemic; (b) most studies were of cross-

sectional design and used self-reported measures of the 24-hour movement behaviors; 

(c) most studies analyzed the movement behaviours individually (i.e., not accounting 

for the 24-hour time-use framework as recommended73 to account for the 

compositional structure of the data); and (d) most samples were from high-income 

countries, and with considerable variation between effect-sizes. Thus, this study 

(Phase II) applied a compositional data approach to (a) analyze between- and within-

participant differences in accelerometer-assessed 24-hour movement behaviours by 

comparing cross-sectional and prospective data between the periods before (2019) 

and after (2022) the COVID-19 pandemic remote-learning period; (b) whether the 

sociodemographic correlates of the 24-hour movement behaviors persisted from 2019 

to 2022; and (c) examine whether the prospective changes in the 24-hour movement 

behaviors varied according to sociodemographic characteristics. 
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1.3 PURPOSE 

 

1.3.1 General purpose 

 

Examine the effect of accelerometer-wearing instructions given to participants 

on wrist-worn accelerometer wear time, and evaluate cross-sectional and prospective 

changes in the 24-hour movement behaviors among adolescents in the context of 

COVID-19. 

 

1.3.2 Specific purposes 

 

I. Compare accelerometer wear time and compliance with wear-time criteria 

between two data collection plans, which differs according to the type of 

wristband and instructions to whether the device should be removed, using a 

quasi-experimental design; 

II. Analyze adolescents’ perception of using wrist-worn accelerometers, and 

identify sociodemographic and behavioral correlates of accelerometer wear-

time criteria based on the 24-hour wrist-worn accelerometer protocol. 

III. Examine between-participant differences in 24-hour movement behaviors from 

before (2019) to after (2022) the COVID-19 pandemic remote-learning period 

using a repeated cross-sectional design, and assess whether the 

sociodemographic correlates of the 24-hour movement behaviors persisted 

from 2019 to 2022; 

IV. Examine within-participant differences in 24-hour movement behaviors from 

before (2019) to after (2022) the COVID-19 pandemic remote-learning period, 

using a prospective design and verify whether they are moderated by 

sociodemographic factors. 
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1.4 SIGNIFICANCE AND INNOVATION 

 

The shift from traditional approaches of movement behaviors as independent 

of each other to a new paradigm accounting for integrated behaviors emerged in times 

of challenges in physical activity research. From the public health perspective, the 

COVID-19 pandemic directly affected society's social and economic structure, and its 

long-term impact on health behaviors is yet to be examined. From the methodological 

perspective, the assessment of 24-hour movement behaviors relies on accurate time-

use measurements that lack standardized protocols. Considering that the evidence for 

public health guidance should be based on strong evidence, this study brings 

methodological and epidemiological contributions. 

Using wrist-worn protocols to assess 24-hour movement behaviors in an 

integrated way is novel, especially in Brazil. Traditional accelerometer-wearing 

protocols designed to measure physical activity during waking hours are not adequate 

for measuring the whole 24-hour period. Such protocols commonly require participants 

to provide data for at least 6 to 10 hours per day and, therefore, cannot provide reliable 

data that account for the time in bed. Such minimal wearing time requirement increased 

to 16 hours per day when the focus is to measure the whole 24-hour construct.4 Given 

previous evidence of selection bias and high attrition due to the non-use of hip-worn 

accelerometers to capture awake physical activity in Brazil,17 a careful evaluation of a 

wrist-worn protocol is required to guide methodological decisions. Therefore, Phase I 

of this thesis comprehends a pilot study designed to examine predictors of 24-hour 

wrist-worn compliance and guide the methodological decisions to be applied to the 

main study. Findings should be useful to researchers who plan to use 24-hour wrist-

worn protocols and to manufacturers for designing devices that account for 

characteristics that matter for participants to wear the devices properly. 

A repeated cross-sectional with a nested cohort study was designed to monitor 

changes in the 24-hour movement behaviors from pre- to post-pandemic. This is the 

main study of this thesis, which is presented as Phase II. The study has the potential 

to fill the following evidence gaps:  

I. Currently, there is a lack of evidence of the long-term impact of COVID-19 on 

health outcomes and behaviors, as most of the evidence is from the first year of 

the outbreak when several restrictive measures were being imposed. Evidence 
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from the later stages and post-pandemic, after the restrictions were no longer 

in place, is lacking. 

II. The pandemic affected the whole world, and no control groups could be drawn 

to examine how behavioral changes due to the pandemic context differ from 

expected changes. The comparison of findings from the repeated cross-

sectional and the prospective designs allows further inspection of whether the 

differences in the 24-hour movement behaviors from 2019 to 2022 were due to 

the pandemic or expected with aging. 

III. Most of the evidence during the COVID-19 outbreak is from cross-sectional 

studies, based on self-reported data, that examined one or two movement 

behaviors individually and not the full 24-hour movement behavior composition, 

which limits the understanding of the movement behaviors under the time-use 

epidemiology. By using accelerometers to assess movement behaviors, the 

source of behavioral changes can be identified (e.g., the decrease of MVPA 

may be due to the increase of SB, LIPA, or SPT). 

IV. The study is representative of students from high school integrated with 

professional courses in the Federal Institutions of the Florianópolis mesoregion. 

Thus, findings can guide local efforts to mitigate the negative effects of the 

pandemic on adolescents’ health. 

 

 

 

 

 



30 

2 PHASE I – PILOT STUDY 

 

This section refers to Phase I of the ELEVA study, which is a quasi-

experimental study designed to address the first three specific purposes of this thesis. 

This section was published in the Journal for the Measurement of Physical Behaviour 

on 23 August 2021 (Appendix A).1 Thus, the contents of this section were reported as 

accepted for publication.  

 

2.1 METHODS 

 

2.1.1 Study design 

 

 Cross-sectional data from the pilot study of the Estudo Longitudinal do Estilo 

de Vida de Adolescentes (ELEVA, translated as Longitudinal Study of the Lifestyle of 

Adolescents) were analyzed. The ELEVA is a longitudinal study that evaluated 

changes in health indicators and lifestyle behaviors from the first through the last year 

of high school among students from three municipalities of Grande Florianópolis 

mesoregion, Southern Brazil. The pilot study of the ELEVA was conducted between 

May and July 2019 to test and validate instruments and protocols for the data 

collection of the longitudinal study. Additional methodological details, current school 

reports, and scientific publications of the ELEVA study are available elsewhere 

(eleva.ufsc.br/en). 

 

2.1.2 Participants 

 

 All high school students from a school in Florianópolis, Brazil, were invited to 

participate in the pilot study. The school had similar characteristics to the target 

schools of the ELEVA study and was selected as a convenience sample. Participants 

were required to provide written informed consent and assent forms, signed by their 

parents/guardians and themselves. The exclusion criterion was the inability to take 

part in one of the study measurements due to injury or illness. From the pool of 203 

eligible students, 143 provided signed consent forms (Appendix B) and were included 

in this study (70% response rate). The research project was approved by the Ethics 
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Committee in Research with Human Beings of the Federal University of Santa 

Catarina (protocol number: 3.168.745) (Appendix C). 

 

2.1.3 Accelerometer data collection plan 

 

 Triaxial ActiGraph accelerometers (ActiGraph Corporation, Pensacola, FL), 

models GT3x+ and wGT3x+ were used in this study. The accelerometers (n = 164) 

were carefully examined to ensure that the external case, water insulation rubber, and 

Micro-USB cover were intact prior to data collection. Participants were instructed by 

trained researchers to wear the accelerometer on their nondominant wrist for 24 hours 

on seven consecutive days. Monitors were initialized at a sampling rate of 30 Hz. 

Wearing instructions were provided according to the type of wristband participants 

received (Figure 2): (a) those who received a reusable fabric wristband (ActiGraph 

Corporation, Pensacola, FL), composed of 80% Polypropylene and 20% Terylene, 

with a hook-and-loop fastener, were instructed to remove the accelerometer for 

showering and any activities where it would be submerged in water (e.g., surfing, 

swimming, washing the dishes) and (b) those who received a disposable Polyvinyl 

Chloride (PVC) band (Precision Dynamics Corporation, CA) were instructed not to 

remove the accelerometer when performing any water-based activities. These 

participants received two to five extra disposable bands to replace the original in case 

of damage or if they had to remove it (e.g., security protocols in banks or at airports). 

The number of extra bands was decided by the participants, who were instructed to 

put the accelerometers back on as soon as possible after removing them. The 

wristband types were randomly distributed among participants. However, the following 

adverse events occurred: First, students who were not present at the scheduled time 

when accelerometers were initially distributed (due to being on a school tour) reached 

out to researchers to participate in the study. They were accepted but because this 

situation was not expected, there were no PVC wristbands available for them. Thus, 

reusable bands were distributed to these students. Second, disposable bands were 

replaced with reusable bands for participants who would be competing in interschool 

matches since wearables were not be allowed. 
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Figure 2 – Wristbands used for the 24-hour accelerometer monitoring protocol. 

 

Note: Participants who received a disposable PVC band (A) were instructed not to remove the 
monitor. Those who received a reusable fabric wristband (B) were instructed to remove the monitor 

only when performing water-based activities. Source: author. 

 

2.1.4 Measures 

 

 Accelerometer raw data were processed using the “GGIR” package (version 

2.0.2)4 in R (version 4.0.1; R Foundation for Statistical Computing, Vienna, Austria). 

The process includes an autocalibration of the signal according to local gravity, 

followed by the extraction of metrics used for sensor wear detection over 5-s 

epochs.4,74 The detection of the non-wear time is based on the raw acceleration from 

the three axes (expressed in milli-gravitational units) using a validated algorithm.75 

Briefly, the non-wear time was inferred from the SD and value range of each 

accelerometer axis in 60-min windows with 15-min moving increments. A time window 

was classified as non-wear time if the SD was <13 mg and the value range was <50 

mg for at least two out of the three axes. By using a 60-min time window, the method 

aims to detect periods of monitor non-wear time lasting for >1 hour, which are the 
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periods that would most impact summary measures. Furthermore, using this time 

window ensured that short periods of inactivity or even sleep were not misclassified 

as non-wear time.76 The GGIR package function for imputation of non-wear periods of 

acceleration data was disabled. As participants received the monitors at different 

periods due to school class schedules, the accelerometer wear time was estimated 

from the first to the last midnight of the measured week. This procedure was conducted 

to standardize the length of measurements among participants. Thus, partial 

estimates of the first and the last day were excluded and data from six complete 

measured days (24 hours/day) were included in the analyses. The applied R code is 

available in the supplementary material (APPENDIX D, Suppl1).  

 The following participants’ level variables were derived from accelerometer 

data: (a) protocol wear time (expressed as the percentage of the duration of the 144-

hour monitoring protocol); (b) number of valid days (0–6), applying two definitions of a 

valid day, which consider each midnight-to-midnight period (24 hours) in which the 

accelerometer was worn for at least 16 or 23 hours; and (c) compliance with sample 

eligibility criteria of providing at least three valid weekdays and one valid weekend of 

accelerometer data. We evaluated adherence to accelerometer wear-time criteria by 

considering both 16 and 23 hours as definitions for valid days. The 16-hour valid day 

definition is commonly applied,77–79 together with procedures to impute non-wear time 

based on daily averaged time-specific estimates of accelerometer data (not applied in 

the present analyses). The 23-hour valid day definition was chosen as an 

approximation of a complete measured day (i.e., 24-hours of wear time) which is of 

interest to studies focused on evaluating repeated real-time data, such as changes of 

the day-by-day estimates and the composition of 24-hour movement behaviors. 

Information regarding loss and damage of accelerometers was obtained.

 Participants answered two online questionnaires hosted on the 

SurveyMonkey® platform using smartphones or tablets (APPENDIX E). The first 

questionnaire was administered on the first day of the accelerometer monitoring phase 

and included questions related to physical activity, sleep duration, and the following 

sociodemographic characteristics: sex (male or female); age (completed years); family 

structure (living or not living with both parents); parents’ level of education (≥12 years, 

11 years, ≤10 years, or “Do not know”); and participant’s work status (no or yes). 

 Self-reported physical activity was assessed using an adapted version of the 

Self-Administered Physical Activity Checklist, which asks the following question: “In 
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general, which of the following activities do you practice? Report how many days in a 

typical week and for how long each day you engage in any of the activities.” 

Participants reported the frequency (0–7 days/week) and session duration (in minutes) 

of each activity performed in a typical week. The checklist was composed of 22 

activities commonly practiced in Southern Brazil which were identified in a previous 

study;80 participants could include other unlisted activities. The adapted version of the 

instrument was validated for Brazilian adolescents.81 The weekly volume of overall 

physical activity in minutes was calculated by summing the volume (frequency × 

duration) of all listed activities. The volume of sports was calculated by summing the 

volume of soccer, futsal, basketball, handball, volleyball, tennis, table tennis, 

swimming, athletics, combat sports, gymnastics, cycling, skating, and surfing. Non-

sports were calculated by summing the volume of capoeira, dances, collective 

gymnastics (gyms), weightlifting, walking, jogging, and active play. These grouping of 

physical activities were previously applied.82 Due to known issues of overestimation 

and common outliers in continuous self-reported measures of physical activity, the 

maximum values of these variables were truncated to their 95° percentiles. 

 Sleep duration was estimated using the difference between the average self-

reported sleep onset (in hours and minutes) and wake up on weekdays (i.e., Monday 

to Friday) and weekend days, separately. This question was used in previous studies 

with Brazilian adolescents.83,84 The daily sleep duration (in hours) was weighted 

according to weekdays and weekends (5:2 ratio). Exploratory analysis identified 

outliers with values of sleep duration starting from 20 hours. These observations were 

considered implausible and were excluded (n = 2). 

 The second questionnaire was applied 1 week later, on the last day of the 

accelerometer monitoring protocol, and included questions regarding participants’ 

perceptions of wearing the monitors. Questions assessed (a) how uncomfortable it 

was to wear the accelerometer, (b) how uncomfortable or inconvenient was the 

appearance of the accelerometer on a daily basis, (c) how often in the past seven days 

participants felt that wearing the accelerometer was shameful, (d) how often in the 

past seven days the use of the accelerometer hindered practice of any daily activity 

(e.g., brushing teeth, bathing, studying), (e) how often in the past seven days the use 

of the accelerometer hindered the practice of physical activities (e.g., playing football, 

cycling, swimming), and (f) how often the device bothered the participant when falling 

asleep, and/or sleeping at night. For items (a) and (b), four response options were 
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available in a Likert-like scale (very uncomfortable, uncomfortable, comfortable, and 

very comfortable), and for items (c) through (f), five possible answers were available 

based on weekly frequency (0, 1–2, 3–4, 5–6, and 7 days/week). These items were 

created for this study, and the questions were based on previous evidence.7,12 

 

2.1.5 Statistical Analyses 

 

 Participants’ characteristics were described using means and SDs, and relative 

and absolute frequencies for continuous and categorical variables, respectively. Due 

to the skewed distributions of accelerometer wear time and self-reported physical 

activity, these variables were described using medians and interquartile ranges. 

Socioeconomic and self-reported behavioral characteristics were described according 

to accelerometer data collection plans which were identified as “Disposable PVC” and 

“Reusable fabric” wristband groups. Participants’ perceptions of wearing the 

accelerometers were also compared between sexes and data collection plans by 

applying Wilcoxon rank-sum tests.  

 Accelerometer wearing time estimates and compliance with wear-time criteria 

were compared between data collection plans. First, the inverse cumulative 

distribution functions of accelerometer wear time (i.e., the proportion of participants 

who would provide enough valid data to be included in the study based on different 

values of wear time) were compared between data collection plans using 

Kolmogorov–Smirnov test.85 Second, complementary analyses comparing plans’ 

estimates of wear time and the count of valid days were performed using Wilcoxon 

rank-sum tests. Third, the compliance with wear-time criteria of participants providing 

at least three valid weekdays and one valid weekend were compared between plans 

using Wald tests. Results were reported as predicted probabilities and their respective 

95% confidence intervals (CIs). 

 Logistic regression models were used to analyze the associations between the 

perception of using accelerometers and socioeconomic factors, and the compliance 

with wear time criteria. Crude and adjusted models were fitted for each outcome. The 

crude models included only bivariate associations; the adjusted models included sex, 

age, and a dichotomous variable for the accelerometer data collection plan (i.e., 

disposable PVC vs. reusable fabric bands) as covariates. Variables referring to the 
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perceptions of wearing the monitor were treated as ordinal and were standardized as 

z scores for easier interpretation. Results were expressed as odds ratios (ORs) and 

respective 95% CI. 

 

2.1.6 Sensitivity Analysis 

 

 Due to the unexpected event in the data collection phase, the randomization of 

the wristband-types distribution was not completely achieved. To reduce bias in 

comparing the data collection plans (reusable fabric vs. disposable PVC wristbands), 

the authors conducted the following sensitivity analyses: three samples of the same 

size as the disposable PVC wristband group (n = 57) were randomly drawn from the 

sample of participants who wore reusable fabric wristbands (n = 80). Then, the 

analyses comparing both accelerometer data collection plans were repeated for each 

randomly drawn sample. 

 

2.2 RESULTS 

 

From a total of 143 students who participated in the study, none were excluded 

due to being ill or injured during the data collection. However, sample losses occurred 

due to accelerometer loss (n = 1) and technical issues (n = 5, damaged accelerometer 

case [n = 1], and inability to download [n = 2] or process accelerometer raw data [n = 

2]). Technical issues of three out of five accelerometers were observed among 

participants who wore the disposable PVC wristband. Participants (mean age: 16.3 ± 

1 years) were mostly female, not engaged in work, and had parents with at least 12 

years of study (Table 1). 
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Table 1 – Characteristics of participants according to accelerometer data collection 
plan. ELEVA pilot study, Florianópolis, Brazil, 2019. 

Variables 
Overall  

sample 

(n=137) 

Reusable 

fabric  

wristband 

(n=80) 

Reusable 

PVC  

wristband 

(n=57) 

p-

value* 

Sex, n (%)    0.03 

Male 48 (35.0) 34 (42.5) 14 (24.6)  
Female 89 (65.0) 46 (57.5) 43 (75.4)  
Age (completed years), mean±SD 16.3±1.0 16.5±1.1 16.1±0.9 0.03 

Family structure, n (%)  
  0.85 

Do not live with both parents 54 (39.4) 31 (38.8) 23 (40.4)  
Live with both parents 83 (60.6) 49 (61.3) 34 (59.6)  
Parent's level of education, n (%)  

  0.99 

≤10 years 7 (5.1) 4 (5.0) 3 (5.3)  
11 years 37 (27.0) 21 (26.3) 16 (28.1)  
≥12 years 86 (62.8) 51 (63.7) 35 (61.4)  
Did not know 7 (5.1) 4 (5.0) 3 (5.3)  
Work status, n (%)  

  0.81 

No 124 (90.5) 72 (90.0) 52 (91.2)  
Yes 13 (9.5) 8 (10.0) 5 (8.8)  
Overall physical activity (hour/week), median (IQR) 3.5 (0.3-6.7) 4.0 (0.3-6.8) 2.7 (0.3-6.0) 0.66 

Sports (hour/week), median (IQR) 2.0 (0.0-3.3) 2.0 (0.0-4.3) 2.0 (0.0-2.5) 0.17 

Non-sports (hour/week), median (IQR) 0.1 (0.0-3.0) 0.0 (0.0-2.9) 0.3 (0.0-3.8) 0.16 

Sleep duration (hour/day), mean±SD 7.7±1.3 7.8±1.3 7.6±1.2 0.41 

Note: *Wilcoxon rank-sum test and Chi-squared test for continuous and categorical variables, 
respectively; SD: standard deviation; IQR: interquartile range (p25-p75). Source: author. 

 

Ninety-five out of 143 participants (66%) were at school on the last day of the 

accelerometer measurement and answered the perception questionnaire (Table 2). 

Approximately half of the participants felt somewhat/very uncomfortable wearing the 

accelerometer on the wrist for a week. The accelerometer monitoring protocol was 

observed to have frequently (i.e., three or more days during the week) hinder daily 

activities, physical activities, and night sleep among 17%, 9%, and 27% participants, 

respectively. The comparisons of participants’ perceptions of wearing the 

accelerometers between sexes and data collection plans are available in the 

supplementary file (APPENDIX D, Suppl2-3). The perception of physical activity being 

hindered due to wearing the accelerometer was higher in males than females 

(APPENDIX D, Suppl2). No differences in the perception variables were observed 

when comparing both accelerometer data collection plans (APPENDIX D, Suppl3).
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Table 2 – Participants’ perceptions on wearing the accelerometers (n = 95). ELEVA 
pilot study, Florianópolis, Brazil, 2019. 

Variables n (%) 

Discomfort  

Somewhat comfortable 5 (5.3) 

Very comfortable 42 (44.2) 

Somewhat uncomfortable 43 (45.3) 

Very uncomfortable 5 (5.3) 

Inconvenience  

Somewhat convenient 25 (26.3) 

Very convenient 43 (45.3) 

Somewhat inconvenient 17 (17.9) 

Very inconvenient 10 (10.5) 

Shameful  

Never during the week 57 (60.0) 

One or two days during the week 25 (26.3) 

Three or four days during the week 7 (7.4) 

Five or six days during the week 1 (1.1) 

Every day during the week 5 (5.3) 

Hinder daily activities  

Never during the week 46 (48.4) 

One or two days during the week 33 (34.7) 

Three or four days during the week 7 (7.4) 

Five or six days during the week 2 (2.1) 

Every day during the week 7 (7.4) 

Hinder physical activity  

Never during the week 67 (70.5) 

One or two days during the week 19 (20.0) 

Three or four days during the week 3 (3.2) 

Five or six days during the week 1 (1.1) 

Every day during the week 5 (5.3) 

Hinder night sleep  

Never during the week 43 (45.3) 

One or two days during the week 26 (27.4) 

Three or four days during the week 7 (7.4) 

Five or six days during the week 10 (10.5) 

Every day during the week 9 (9.5) 

Source: author. 

 

 The cumulative function of accelerometer wear time is described in Figure 3. 

The function describes the proportion of participants who wore the accelerometer for 

at least the amount of time labeled on the x-axis. A steadier decrease of the 

accelerometer wear time was observed among participants of the reusable fabric 
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wristband group when compared with their counterparts (p < .001). The 

complementary analysis showed that participants of the disposable PVC wristband 

group provided significantly higher protocol wear time (median [interquartile range]: 

99.8% [83.9–100.0] vs. 92.2 [73.6–99.5], p < .001) and higher number of valid days 

considering both 16-hour (mean ± SD: 5.8 ± 0.7 vs. 4.9 ± 1.7, p < .001) and 23-hour 

criteria (mean ± SD: 5.7 ± 0.9 vs. 3.8 ± 2.0, p < .001). Similar differences were observed 

in subsamples of participants who complied with the sample eligibility criteria of 

providing at least one valid weekend day and three valid weekdays (APPENDIX D, 

Suppl4). In addition, sensitivity analyses showed similar results when comparing three 

randomly drawn samples of participants who wore reusable fabric wristbands with 

those who wore disposable PVC wristbands (APPENDIX D, Suppl5). 

 

Figure 3 – Cumulative distribution function of accelerometer wear time according to 
data collection plan among adolescents (n = 137). ELEVA pilot study, Florianópolis, 

Brazil, 2019. 

 
Note: Participants who received a reusable fabric wristband were instructed to remove the monitor 

only when performing water-based activities. Those who received a disposable PVC band were 
instructed to not remove the monitor. Source: author.  

 
 The predicted proportion of participants who complied with specific wear-time 

criteria is presented in Figure 4. Participants of the reusable fabric wristband group 
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were less likely to adhere to any of the wear-time criteria when compared with those 

of the disposable PVC wristband group. These differences were higher (~40%) when 

23 hours of valid accelerometer wear time was required to validate the measured day. 

 

Figure 4 – Predicted proportion of compliance with wear-time criteria according to 
accelerometer data collection plan (n=137). ELEVA pilot study, Florianópolis, Brazil, 

2019. 

 

Note: Error bars represent the 95% confidence intervals; Participants who received a reusable fabric 
wristband were instructed to remove the monitor only when performing water-based activities. Those 

who received a disposable PVC band were instructed to not remove the monitor. Source: author. 

 

 The associations between socioeconomic, behavioral characteristics, and the 

perception of wearing the accelerometer and compliance with the wear-time criteria 

are presented in Table 3. As observed in the adjusted models, participants who worked 

were less likely to comply with the 23-hour protocol (OR = 0.17; 95% CI [0.04, 0.73]). 

This association was not observed for the 16 daily-hours protocol. Self-reported 

physical activity, both overall and type-specific, and sleep duration were not associated 

with any compliance protocols. After adjustments for sex, age, and accelerometer data 

collection plan, it was observed that participants who reported that wearing the 

accelerometer hindered their daily activities were less likely to comply with both the 

16-hour (OR = 0.59; 95% CI [0.36, 0.96]) and 23-hour (OR = 0.62; 95% CI [0.38, 0.99]) 

protocols. However, the perception that wearing the accelerometer would hinder the 
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practice of physical activity and sleep was not associated with wear time criteria. 

Participants who reported feeling ashamed when wearing the accelerometer were less 

likely to comply with the 23-hour (OR = 0.59; 95% CI [0.36, 0.96]), but not with the 16-

hour protocol. A similar association was observed among participants who perceived 

the accelerometer’s appearance as inconvenient when used on a daily basis, but only 

in the crude model (OR = 0.59; 95% CI [0.38, 0.93]). 
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Table 3 – Associations between sociodemographic and behavioral characteristics, and perception of wearing the accelerometer 
with sample eligibility criteria in Brazilian adolescents. ELEVA pilot study, Florianópolis, Brazil, 2019. 

Models 

16 hour/day for 3 

weekdays + 1 weekend 

criteria 

16 hour/day for 3 

weekdays + 1 weekend 

criteria 

 
23 hour/day for 3 

weekdays + 1 weekend 

criteria 

23 hour/day for 3 

weekdays + 1 weekend 

criteria 

Crude Adjusted  Crude Adjusted 

OR (95%CI) OR (95%CI)  OR (95%CI) OR (95%CI) 

Socioeconomic and behavioral (n=137)  
    

  Sex      
  Male ref Ref  ref ref 

  Female 2.36 (0.95,5.86) 1.95 (0.76,4.99)  1.38 (0.66,2.88) 0.95 (0.41,2.16) 

  Age (completed years) 0.97 (0.63,1.50) 1.04 (0.67,1.61)  0.90 (0.63,1.26) 1.06 (0.73,1.54) 

  Family structure  
  

 
 

  Do not live with both parents ref Ref  ref ref 

  Live with both parents 2.31 (0.93,5.74) 2.45 (0.95,6.31)  1.19 (0.58,2.46) 1.28 (0.57,2.89) 

  Work status  
  

 
 

  No ref Ref  ref ref 

  Yes 0.41 (0.11,1.46) 0.43 (0.11,1.70)  0.27 (0.08,0.87) 0.17 (0.04,0.73) 

  Overall physical activity (hour/week) mean±sd 1.00 (0.91,1.09) 1.02 (0.92,1.12)  1.01 (0.94,1.09) 1.03 (0.94,1.12) 

  Sports (hour/week) 0.98 (0.82,1.18) 1.06 (0.88,1.28)  0.92 (0.80,1.06) 0.96 (0.82,1.13) 

  Non-sports (hour/week) 1.03 (0.87,1.23) 0.99 (0.83,1.19)  1.11 (0.96,1.28) 1.08 (0.92,1.28) 

  Sleep duration (hour/day) 0.85 (0.61,1.19) 0.89 (0.62,1.26)  0.97 (0.73,1.28) 1.01 (0.74,1.38) 

Protocol perception (n=95)  
    

  Discomfort 1.01 (0.55,1.85) 1.15 (0.44,3.04)  0.81 (0.51,1.26) 0.77 (0.35,1.69) 

  Inconvenience 0.86 (0.48,1.56) 0.93 (0.47,1.85)  0.59 (0.38,0.93) 0.58 (0.33,1.02) 

  Shameful 0.98 (0.54,1.80) 1.06 (0.57,1.97)  0.61 (0.40,0.95) 0.59 (0.36,0.96) 

  Hinder daily activities 0.59 (0.36,0.99) 0.59 (0.36,0.96)  0.71 (0.47,1.09) 0.62 (0.38,0.99) 

  Hinder physical activity 1.12 (0.57,2.20) 1.25 (0.56,2.77)  0.83 (0.55,1.27) 0.73 (0.43,1.24) 

  Hinder night sleep 0.96 (0.53,1.74) 0.92 (0.58,1.44)  0.90 (0.58,1.39) 0.83 (0.58,1.20) 

Note: Accelerometer wearing perception scores were standardized (mean±SD, 0±1); Bold values estimates were significant at p<0.05. 
*Models were adjusted for sex, age, and accelerometer wearing protocol (i.e., disposable PVC versus reusable fabric bands) 

CI, confidence intervals; OR, odds ratio; SD, standard deviation. Source: author. 
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2.3 DISCUSSION 

  

 This study compared the compliance with accelerometer wear time criterion 

between two accelerometer data collection plans and identified potential 

socioeconomic and wearing perception correlates of compliance among a sample of 

Brazilian adolescents. Our findings provide insights on how to improve compliance with 

accelerometer monitoring protocols by applying low-cost changes in materials and 

reviewing instructions given to participants. Furthermore, we observed that correlates 

of compliance identified in hip-mounted accelerometer protocols, such as sex and 

age,15–17 were not confirmed in the 24-hour wrist-worn accelerometer protocol. 

However, protocol changes come with emerging research challenges that are 

discussed in this study. 

 We observed higher accelerometer wear time and compliance with wear time 

criteria among participants of the disposable PVC wristband group compared with 

those of the reusable fabric wristband group. Besides the band composition, the main 

difference between protocols is that participants who received the reusable fabric band 

were instructed to remove the monitor for any water-based activity (e.g., showering). 

Although these activities do not tend to take long on a daily basis, a significant impact 

in adherence to accelerometer wearing protocols may be observed due to participants 

forgetting to put the monitor back on after water-based activity, as previously 

reported.86 In addition, the PVC band is resistant to tension and may provide a more 

comfortable experience for participants as it does not remain wet when exposed to 

water. The limited opportunities for wristband replacement among participants who 

received disposable bands may also play a role in protocol adherence, as participants 

may opt to remove the accelerometer only when strictly necessary. Our findings on 

comparing both accelerometer data collection plans favor the use of disposable PVC 

wristbands and not requiring participants to remove the device to perform usual water-

based activities. However, with the shift from hip-mounted to 24-hour wrist-worn 

accelerometer protocols, challenges due to external case damage and water infiltration 

emerge and require careful preparation for data collection. In this study, one out of 143 

accelerometers may have been exposed to water infiltration due to case damage. 

 We found no associations between sex or age and compliance with wear time 

criteria, which is in line with previous evidence of wrist-worn accelerometer compliance 

not differing according to sex and age in a sample of U.S. adolescents aged 12 to 17 
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years.87 This finding differs from previous studies with hip-mount accelerometers which 

identified higher compliance among females15,17,88 and younger adolescents.15 In this 

study, participants who worked and those who reported that wearing the accelerometer 

hindered their daily activities, but not their self-reported physical activity or sleep, were 

less likely to comply with the wear time criteria. Our results suggest a change in the 

context where wearing the accelerometers may be inconvenient to participants with 

the shift from hip-mounted to wrist-worn protocols. The placement on the wrist may not 

be adequate for conducting work-related activities. Furthermore, wrist-worn devices 

tend to be more exposed. Their appearance may not be suitable for some work 

environments where the visual appearance is used as a communication tool. 

 Wrist-worn accelerometers are more exposed to physical damage due to direct 

impact in performing daily activities or specific types of physical activity (e.g., volleyball, 

martial arts) when compared with protocols where the accelerometer is attached to 

other body parts (e.g., hip, waist). However, we found no associations between self-

reported behavioral estimates (i.e., physical activity and sleep) and protocol 

compliance. Previous evidence showed that participation in unorganized activities and 

organized sport were common reasons for removing hip-mounted accelerometers.86 

Our findings suggest that the wrist-worn accelerometer may not hinder the practice of 

physical activity or sleep enough for participants to remove the monitor. Therefore, the 

noncompliance with accelerometer wear time criteria may occur due to accelerometer 

removal in other contexts of students’ daily life that were not evaluated in this study 

(e.g., social activities). Thus, further studies are required to investigate these contexts. 

 Half of the participants reported feeling somewhat/very uncomfortable with 

wearing the accelerometer; almost 15% of participants reported feeling ashamed most 

days during the week due to the use of the monitor. However, only the feeling of shame 

was associated with lower protocol compliance. The feeling of shame was previously 

reported as a possible reason for research nonparticipation, especially due to the fear 

of being bullied by peers.9,14 The appearance of the accelerometer may be one of the 

reasons for this perception, which is supported by previous evidence in which most 

young people preferred to use the GENEActiv instead of the ActiGraph wGT3X-BT 

devices because it looks more like a conventional watch.14 Appearance plays an 

important role in social pressure in countless aspects of life, especially among 

youth.[34,35] Adolescents tend to want to look attractive not only to themselves but to 

their peers, either to draw attention or to avoid being bullied.89,90 Thus, accelerometers 
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designed to be more fashionable and attractive to adolescents may support increased 

compliance with accelerometer monitoring protocols. 

 This study provided further understanding of how instructions in accelerometer 

removal may affect the adherence to monitoring protocols. In addition, we explored the 

perceptions of the participants on using the accelerometer which is often ignored in 

studies. Nevertheless, this study has limitations to be acknowledged. The sample 

comprised students from a convenience-sampled school; this sample was selected 

based on similarities to the target population of the ELEVA study, which applied a 

census methodology. Self-reported measures of physical activity and sleep were used 

which may have introduced a recall and memory bias. The questionnaire used to 

assess the perceptions related to accelerometer use did not undergo a psychometric 

and validation process although it was developed based on previous instruments. The 

randomization of the wristband distribution was not completely achieved. Therefore, 

sensitivity analyses were conducted. 

 

2.4 CONCLUSION 

  

 Greater adherence to 24-hour wrist-worn accelerometer monitoring protocols 

was observed among participants who wore disposable PVC wristbands and were 

instructed not to remove the monitor for water-based activities. In addition, students 

who worked and those who reported that wearing the accelerometer hindered their 

daily activities were less likely to comply with accelerometer wear-time criteria. The 

higher perception of shame due to accelerometer wearing was also associated with 

lower compliance. The implementation of accelerometer data collection plans with 

strategies toward reducing opportunities for accelerometer removal (e.g., sealing the 

accelerometer to allow use during water-based activities; providing a limited number 

of disposable wristbands) may substantially improve compliance with 24-hour 

monitoring protocols among high schoolers. Improving the appearance and comfort of 

the accelerometers may increase the high schoolers’ willingness to follow monitoring 

protocols and ultimately provide valid data. Future studies should investigate potential 

predictors of noncompliance with accelerometer monitoring protocols among other 

populations, especially adults who may be more prone to remove the device due to 

greater engagement in work-related activities.
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3 PHASE II – MAIN STUDY 

 

This section refers to the Phase II of the ELEVA study, which includes both 

repeated cross-sectional and prospective studies designed to address the fourth to 

sixth specific purposes of this thesis. The contents of this section were not published 

at the time of the thesis defense. 

 

3.1 METHODS 

 

3.1.1 Study design  

 

 This study analyzed data from the ELEVA study (Portuguese acronym 

translated as Longitudinal Study of the Lifestyle of Adolescents). The ELEVA study, 

which has a repeated cross-sectional design with a nested cohort, examined health 

indicators and lifestyle of students enrolled in high school courses integrated with 

professional courses from the metropolitan region of Florianópolis, Southern Brazil, in 

2019 and 2022.  

 

3.1.2 Population and participants 

  

 The population comprises students enrolled in public high-school courses 

integrated with professional courses from the metropolitan region of Florianópolis. The 

metropolitan region, also known as “Grande Florianópolis” (Figure 5), has three public 

schools that offer high school integrated with professional courses. These schools are 

in the municipalities of Florianópolis, São José and Palhoça. The population size (2017 

data) and Human Development Index (2010 data) of these regions were, respectively, 

485,838 habitants and 0.847 for Florianópolis; 239,718 habitants and 0.809 for São 

José and 164,926 habitants and 0.757 for Palhoça.91 

 



47 

Figure 5 – Metropolitan region of Florianópolis, Santa Catarina, Southern Brazil. 

 

Source: Wikipedia. Licensed under GNU Free Documentation License 
 

  

 High schools that are integrated with professional courses are characterized by 

having six semesters of traditional high school combined with two semesters of 

professional courses. The metropolitan region of Florianópolis accounts for the largest 

proportion of students in such courses relative to the whole state of Santa Catarina 

(18.2% of 13,551 in 2019, and 18.4% of 16,192 in 2022).92 In both survey years, all 

three public schools in the metropolitan region that offered high-school integrated with 

professional courses were invited and accepted to be part of the study. All students in 

the first three years of their courses were eligible for the repeated-cross-sectional 

sample in 2019 and 2022. Those who were assessed in 2019 and remained enrolled 

in their courses (most expected to be graduating from their courses between the end 

of 2022 and early 2023) were eligible for the nested cohort. A census approach was 

adopted, and all students attending classes during the data collection periods were 

invited to participate except those who were unable to take part in the study 

measurements due to injury, illness, or disabilities.  

 Participants aged <18 received assent and consent forms for them and their 

legal guardians to sign, respectively (APPENDIX F). Those aged 18 or older only 

received a consent form. The project was approved by the Human Research Ethics 
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Committee of the Universidade Federal de Santa Catarina in 2019 (protocol number: 

3.168.745) and 2022 (protocol number: 5.652.499) (APPENDIX C e G). 

 The study’s reach is described in Figure 6. Out of 2,320 students eligible for the 

repeated cross-sectional sample, 2,008 agreed to participate and were included in the 

study. A total of 333 participants who were assessed in 2019 were registered as 

students in the same institutions in 2022 and were eligible for the longitudinal sample.  

 

Figure 6 – Design of the ELEVA study, Phase II. 

Source: author 
 

3.1.2.1 COVID-19 Context 

 

The exponential growth of infection rates caused by the novel coronavirus 

(SARS-CoV-2), which originated in Wuhan, China, in early 2020, led to the World 

Health Organization (WHO) declaring the COVID-19 pandemic on March 11, 2020.55 

Following this declaration, several preventive measures were adopted worldwide to 

mitigate the widespread infection, especially the social distancing measures. In the 
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federal institutions of the state of Santa Catarina, Brazil, school classes were officially 

suspended on March 20.93 Given the uncertainty surrounding the end of the COVID-

19 pandemic, these schools changed from in-person to remote classes that persisted 

until June 6, 2022.94 From this date forward individuals with suspected infections must 

refrain from participating in in-person activities. The use of masks was recommended 

but not mandatory, and the requirement for a minimum safety distance of one meter 

between individuals has also been revoked. In short, as of this date, school activities 

have reverted to their pre-pandemic state. 

Thus, the repeated cross-sectional design of this study accounts for two waves 

of high school students: (a) those surveyed shortly before the COVID-19 pandemic, 

and (b) those surveyed shortly after returning to in-person schooling after a remote-

learning period adopted as a preventive measure against COVID-19. The nested 

cohort comprises students who were surveyed in both waves, which were mostly in 

their first and last high school year at the time of the first and second surveys, 

respectively. 

 

3.1.3 Data collection 

 

The data collection was performed over three visits to each class that occurred 

at the schools. The first visit aimed to introduce the study to eligible students and invite 

them by delivering assent and consent forms to be signed before the next visit. In the 

second meeting, students answered an online questionnaire on SurveyMonkey® using 

their smartphones (24 minutes on average to complete), had their height and weight 

measured, and received accelerometers and wristbands instructions on how to use 

them. The third visit in the following week was used to retrieve the accelerometers. In 

both study years, the data collection occurred from August to December, which 

corresponded to the second semester of the school year. The period of assessment 

for each school was similar in both survey years to reduce biases related to seasonality 

(e.g., a school assessed during early summer in 2019 was also assessed in 2022 early 

summer). A copy of the questionnaire is available online at 

eleva.ufsc.br/en/questionario/ 

.
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3.1.4 Measures 

 

3.1.4.1 Movement behaviors 

 

The 24-hour movement behaviours (i.e., MVPA, LIPA, SB and SPT) were 

assessed using triaxial Actigraph GT3x+ and wGT3x+accelerometers (ActiGraph 

Corporation, Pensacola, Florida, USA). Participants were instructed to wear the 

accelerometer on their non-dominant wrist for 24 hours on seven consecutive 

days. The monitors were attached to the wrist by a disposable PVC band and 

participants were asked to only remove them during activities in which the devices 

could be submerged in water (e.g., swimming, surfing) but not during other water-

based activities (e.g., showering, washing dishes). Extra disposable bands were 

made available. This protocol was slightly adapted based on previous analyses 

performed at Phase I showing that instructions for removal for any water-based 

activities may negatively impact compliance with wear-time criteria in 24-hour 

protocols.1 Accelerometer non-wear time based on triaxial data was assessed 

using a validated algorithm.75 Participants who provided data for at least 16 

hours/day over a minimum of three weekdays and one weekend were included 

in the analyses. Although the criterion of 16 hours/day was used as traditionally 

applied for measuring the 24-hour behaviors, the average wear time among 

participants who met the wear criteria was 23.8 hours.  

Accelerometer raw data were collected at a frequency of 30 Hz, 

calibrated to local gravity, and expressed as Euclidean norm minus one (ENMO) 

using 5-sec epochs. Time gaps identified as non-wear time through each 24-hour 

interval that reached the validation criteria (≥1  hours) were imputed at the raw-

data level based on average values across days. Thus, all valid days are 

normalized to 24 hours. Each epoch in a 24-hour window was classified as SB (< 

 5.  mg), LIPA (≥  5.  and < 201.  mg) or MVPA (≥201.  mg) using the 

Hildebrand cut-off points95,96 recommended for adolescents.97 The SPT was 

obtained using the Heuristic algorithm that examined the distribution of change in 

Z-angle. This algorithm differentiates sleep from other inactivity windows by 

calculating the longest sustained period of inactivity with the lowest number of 

interruptions in a 24-hour time window.98 The parameter sleep window, which is 



51 

commonly referred as a proxy measure of time in bed, was used as SPT. The 

time spent in MVPA, LIPA, SB, and SPT were weighted according to weekdays 

and weekends (5:2 ratio) and averaged across days for each participant using a 

midnight-to-midnight day definition. The accelerometer data were processed 

using the “GGIR” package version 2.9.1 in R software,4 version 4.3.0 (R 

Foundation for Statistical Computing, Vienna, Austria).  

 

3.1.4.2 Sociodemographic characteristics 

 

The following sociodemographic characteristics were assessed: sex 

(male or female); age (years); highest education of a parent/legal guardian (<8 

years, 9-11 years, >11 years or don’t know); and family structure (live with both 

parents, live with a single parent, does not live with parents). Socioeconomic 

status (SES) was obtained by a scoring system proposed by the Brazilian 

Association of Research Companies to represent a countrywide standardized 

measure of SES in Brazil.99 The scoring is applied to household belongings (i.e., 

number of bathrooms, housemaids, cars, computers, dishwashers, fridges, 

freezers, washing machines, DVD players, microwave ovens, motorcycles, 

drying machines; highest education level of the family; having piped water, living 

in a paved street) reported by participants. Each item was weighted and summed 

into a score ranging from zero to 100, with higher values indicating higher family 

wealth.  

 

3.1.5 Statistical analysis 

 

3.1.5.1 Compositional data 

 

The 24-hour movement behaviors were treated as a compositional 

variable labelled as time-use composition. As the accelerometer variables were 

aggregated based on a midnight-to-midnight day definition, the composition is 

constrained to 1440 minutes (i.e., 24 hours). To account for the properties of 

compositional data, the set of variables will be transformed into three isometric 
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log-ratio (ILR) coordinates (i.e., pivot coordinates) using a sequential partition.20 

The resulting coordinates are expressed as follows: 
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3

4
ln (

𝑀𝑉𝑃𝐴

√𝐿𝐼𝑃𝐴 ∙ 𝑆𝐵 ∙ 𝑆𝐿𝑃
3 ) 

𝐼𝐿𝑅2 =  √
2

3
ln (

𝐿𝐼𝑃𝐴

√𝑆𝐵 ∙ 𝑆𝐿𝑃
2 ) 

𝐼𝐿𝑅3 =  √
1

2
ln (

𝑆𝐵

𝑆𝐿𝑃
) 

 

The set of ILR coordinates describes the whole composition of the 24-

hour movement behaviors and their values are used for modeling. Predictions 

based on ILR values are commonly back transformed into proportions relative to 

the length of the day (24 hours) to ease the interpretation. The first pivot 

coordinate (ILR1) refers to the contribution of the numerator (MVPA as 

exemplified in the equation) relative to the geometric average of the remaining 

composition. Thus, the coefficient of ILR1 in regression models are commonly 

interpreted as the effect of unit changes in the numerator relative to the 

proportional decrease in the remaining behaviors (denominators). The remaining 

ILR coordinates should be included as covariates (or additional outcomes on 

multivariate models) to account for the whole composition on predictions. A 

partition rotation is commonly performed when there is interest in examining other 

single behaviors relative to the composition. In such a case, a new set of ILR 

coordinates are created by changing the position of variables (e.g., ILR1 as the 

relative contribution of SLP relative to the remaining behaviors). Extended 

explanations on how to analyze compositional data are available 

elsewhere.20,26,100,101 Compositional data were treated in the R packages 

Compositions and robCompositions. 

  

3.1.5.2 Descriptive statistics and retention analyses 

 

 Descriptive statistics were used to characterize the cross-sectional and 

longitudinal samples. Means and standard deviations (SD) were used to describe 

continuous variables, while absolute and relative frequencies were used for 
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nominal variables. The geometric mean (i.e., the relative contribution of each 

behavior to the 24 hours expressed as proportions) and the variation matrix (i.e., 

the magnitude of co-dependency between components of the composition with 

lower values expressing higher correlations) were used to describe the time-use 

composition. 

 A series of analyses were performed to examine potential selection bias 

due to sample losses. Sociodemographic characteristics will be compared 

between the following groups: (a) repeated-cross sectional samples, (b) 

participants included and excluded due to no-valid accelerometer data for all 

samples, (c) participants assessed at both time points and dropouts in the 

longitudinal sample. Pearson x² and Wilcoxon rank sum tests will be used to 

compare numerical and categorical variables, respectively. 

  

3.1.5.3 Inferential analyses  

 

 The analyses were proposed to examine between- and within-participant 

differences in the time-use composition from 2019 to 2022 and their 

sociodemographic correlates. The following concerns were taken into account for 

choosing an adequate modeling approach: (a) the analysis should be appropriate 

to model multivariate outcomes (i.e., correlated dependent variables – the ILR 

coordinates - modeled together); (b) the analysis should account for the multilevel 

structure of the data (i.e., repeated measurements per individual who are nested 

within schools [three-level model]); (c) analysis should, preferably, allow 

unbalanced data to be modeled (i.e., by not excluding participants who were 

assessed in 2019 but not in 2022).  

  A stacked regression approach was applied to all analyses to account for 

the dependency between ILR coordinates and the nested structure of the data. 

The process requires reshaping the dataset to a longer format and stacking the 

values of ILR coordinates for each participant, which are identified by a three-

level factor variable. Thus, the cross-sectional dataset includes three 

observations per individual, one for each ILR coordinate, while the longitudinal 

dataset includes six observations per individual, one for each ILR coordinate at 

each time point (i.e., 2019 and 2022). The time variable refers to between-

individual differences in the cross-sectional analysis and to within-individual 
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changes over time in the prospective analysis. Given that the average of ILR 

values is conditional to their respective ILR factor levels, stacked data is modelled 

with no intercept and all independent variables being modeled should be 

conditioned to the ILR factor variable. The approach is explained elsewhere.101  

 A sequential decision approach was used to avoid concluding on spurious 

associations. First, all the associations of interest were tested against the whole 

time-use composition. In case of significant associations (p<0.05), associations 

were then examined for specific components of the composition. All analyses 

were performed in R and the code which includes models’ specifications and 

fitting diagnosis is available (APPENDIX H). 

 

3.1.5.3.1 Cross-sectional data 

 

 Multilevel mixed models were applied to the stacked data to analyze 

composition differences between survey waves (i.e., 2022 versus 2019) in the 

repeated cross-sectional samples. Five models were fitted which include a main 

model testing the whole composition and four coordinate-specific models testing 

the contribution of each 24-hour movement behavior related to whole time-use 

composition (i.e., MVPA, LIPA, SB, or SPT). 

 The main model included random intercepts for individuals (accounting for 

multiple observations per individual due to the stacked data) and for individuals 

nested within schools (accounting for the clustering effect of school). The 

outcome was the stacked values of the ILR coordinates (i.e., time-use 

composition) which was modeled using a Gaussian distribution. The values of the 

ILR coordinates were regressed on the interaction between the ILR factor 

variable and time point. Thus, a type-III likelihood test was performed to 

determine whether the composition differed between time points (ILR factor by 

time interaction term). The coordinate-specific models were specified using the 

same approach of the main model. Therefore, four sets of pivot coordinates were 

created by rotating the components of the composition (e.g., MVPA relative to the 

remaining composition) and were used as the outcomes. In the context of the 

stacked data, the slope of time conditioned to first level of the ILR factor variable 

refers to the change in the first pivot coordinate (ILR1). The variables age, sex, 

SES (standardized as z-score), and family structure were included as covariates 
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to all models. Parental education level was not included as a covariate due to 

being highly correlated with SES. To ease the interpretation of findings, predicted 

ILR coordinates were extracted from the main model and back-transformed into 

geometric averages per time point. 

 A similar modeling approach was used to assess the whether the 

sociodemographic correlates of the time-use composition remained consistent 

from 2019 to 2022. To do so, the interactions terms for each sociodemographic 

variable associated with the slope of time (e.g., ILR factor by time by sex) were 

included to the five previously described models. In the context of the stacked 

data, the coefficients are interpreted as follows: (a) the slope for “ILR factor by 

covariate” refers to the effect of the covariate on the composition at 2019; and (b) 

the slope for “ILR factor by time by covariate” refers to the effect of the covariate 

on the composition difference between waves, or whether the association 

observed at 2022 differs from those observed at 2019.   

 

3.1.5.3.2 Prospective data 

 

 Prospective analyses were performed to examine changes over time in the 

24-hour movement behaviors from 2019 to 2022. Data were modeled using a 

similar model specification than those applied to cross-sectional data but with 

time invariant covariates (i.e., characteristics at 2019), and the inclusion of a 

random slope for the ILR factor at the individual level to account for the repeated 

measures of compositions over time and their correlations. Given that mixed 

models can handle unbalanced data, dropouts from the prospective data (missing 

data in 2022 but not in 2019) were retained in the analyses.  

  A final set analyses were performed to examine whether age, sex, SES, 

or family structure modified the changes over time in the 24-hour movement 

behaviours. Associations were tested by including the interactions terms for each 

sociodemographic variable associated with the slope of time. These interactions 

were examined separately in distinct models to avoid overfitting given the small 

sample size relative to complexity of the models. 
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3.1.5.4 Sensitivity analysis 

 

 All the analyses were repeated while accounting for the exclusion of 

compositional outliers detected based on the inspection of Mahalanobis 

Distance.  

 Although the cut-off points used to estimate MVPA, LIPA, and SB were 

used in previous studies with adolescents and are currently recommended for 

this age group, 97 they were developed in a sample of children (7-11 years) and, 

currently, there are no published cut-off points developed specifically for the age 

of participants in this study. Thus, all the main analysis were replicated using 

accelerometer estimates of SB (<   .  mg), LIPA (≥   .  and < 100.  mg) and 

MVPA (≥100.  mg) derived from adults (1 -65 years) cut-off points 95,96. 

 

3.2 RESULTS 

 

3.2.1 Cross-sectional data 

 

Out of 2,008 participants included in the repeated cross-sectional 

sample, 666 and 599 provided valid data for all variables of interest in 2019 and 

2022, respectively. The reasons for exclusion are described in Figure 7. 

Comparisons between participants who provided valid accelerometer data and 

those excluded for not complying with the accelerometer protocol in 2019 (n = 

124) and 2022 (n = 236) are presented in APPENDIX I. The proportion of males 

(44% versus 53%) and the average SES score (38.7 versus 41.2) were lower 

among participants compared to those who did not comply with the accelerometer 

protocol in 2022. Compliance with the accelerometer protocol was higher among 

females than males in 2022 (included were 56% females, excluded were 47% 

females, p = 0.015). None of the remaining sociodemographic characteristics 

differed according to accelerometer compliance in 2019 or 2022.
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Figure 7 – Attrition in the repeated cross-sectional samples of the ELEVA study. 

Source: author 

  

Participants (53% female, average age of 16.4 ± 1.1) were mostly living 

with both parents (61%), and had parents with a high education level (59% with 

>11 years of study). Participants’ characteristics according to the wave of study 

are presented in Table 4. No significant differences were observed for 

sociodemographic characteristics between waves, except for age, which was 0.2 

years lower, on average, among participants of the 2019 wave.  
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Table 4 – Participant’s characteristics in repeated cross-sectional samples. 

Variable 

Total 

sample 

N = 1,276 

2019 

sample 

N = 679 

2022 

sample 

N = 597 

p-value* 

Sex, n (%)    0.059 

    Male 598 (47%) 335 (49%) 263 (44%) 
 

    Female 678 (53%) 344 (51%) 334 (56%) 
 

Age (years), mean (SD) 16.4 (1.1) 16.3 (1.1) 16.5 (1.2) 0.019 

Highest education among 

parents, n (%) 
 

  
0.100 

    <8 years 73 (5.7%) 40 (5.9%) 33 (5.5%) 
 

    8-11 years 405 (32%) 227 (33%) 178 (30%) 
 

    >11 years 759 (59%) 398 (59%) 361 (60%) 
 

    Do not know 39 (3.1%) 14 (2.1%) 25 (4.2%) 
 

SES score (0 - 100), mean (SD) 38.9 (10.0) 39.1 (9.8) 38.7 (10.2) 0.400 

Family structure, n (%) 
 

  0.140 

    Live with both parents 780 (61%) 431 (63%) 349 (58%) 
 

    Single parent 430 (34%) 212 (31%) 218 (37%) 
 

    Do not live with parents 66 (5.2%) 36 (5.3%) 30 (5.0%) 
 

Note: SD, Standard Deviation; SES, Socioeconomic Status; *Wilcoxon rank sum test applied to 
age and SES, and Pearson x² tests applied to the remaining variables. Source: author. 

 

The unadjusted compositional average and ternary confidence intervals 

of the 24-hour movement behaviors in the 2019 and 2022 cross-sectional 

samples are presented in Figure 8. These plots describe the relative contribution 

of a single movement behavior relative to two of the three remaining behaviors. 

To account for all the combinations of behaviors, four plots are designed by 

rotating the axis. The relative proportion of each behavior to the 24 hours was 

2.1% MVPA, 19.2% LIPA, 47.2% SB and 31.4% SPT in 2019; and 1.9% MVPA, 

19.2% LIPA, 48.5% SB and 31.5% SPT in 2022.
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Figure 8 – Ternary diagrams describing the 24-hour time-use composition 
among high school students from the repeated cross-sectional samples (2019 

and 2022), Brazil. 

 

Note: Solid-coloured circles and dashed lines represent the unadjusted compositional mean. 
Coloured areas refer to the ternary 95% confidence intervals. MVPA, moderate-to-vigorous-
intensity physical activity; LIPA, light-intensity physical activity; SB, sedentary behavior; SPT, 

sleep duration. Source: author. 

 
The comparison of the adjusted time-use composition between waves is 

presented in Table 5. The 24-hour time-use composition differed between waves 

(p < 0.001), which was primarily explained by a slightly lower MVPA (-11%, 

equivalent to 3.3 min/day), and a higher SB (0.7%, equivalent to 4.7 min/day). 

Additional information on the compositional variation matrices is available at 

APPENDIX H. 
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Table 5 – Comparison of 24-hour time-use composition between 2019 and 2022 
cross-sectional samples. 

Outcomes 
Adjusted predictions (min/day)a 

∆ (%)b p-valued 
2019 sample 2022 sample 

Composition    <0.001c 

MVPA 29.9 26.6 -11.0 <0.001 

LIPA 275.8 274.0 -0.7 0.120 

SB 679.6 684.3 0.7 0.013 

SPT 454.7 455.1 0.1 0.040 

Note: Models were adjusted for age, sex, SES, and family structure. a Marginal means adjusted 
for mean age and proportionally weighted according to the levels of factor covariates; b Relative 

difference from 2022 and 2019; c Type-III likelihood test comparing the whole composition 
between time points; d All p-values except for the composition were from the comparison 

between the pivot coordinates between time points; MVPA, moderate-to-vigorous-intensity 
physical activity; LIPA, light-intensity physical activity; SB, sedentary behavior; SPT, sleep time. 

Source: author. 

 

The analyses assessing whether the sociodemographic correlates of the 

24-hour time-use composition remained consistent from 2019 to 2022 are 

presented in Table 6. According to the conditional effects, both sex (x2 = 74.2, p 

< 0.001) and family structure (x2 = 14.9, p = 0.021) were associated with the 24-

hour time-use composition in 2019. In addition, the association between 

sociodemographic characteristics and the 24-hour time-use composition did not 

differ between 2022 and 2019, suggesting that disparities observed in 2019 

persisted in 2022.  
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Table 6 – Stability of sociodemographic correlates of the 24-hour time-use 
composition from 2019 to 2022. 

Variable Wald x2 df p-value* 

Conditional effects at 2019 a    

    Sex 74.19 3 <0.001 

    Age (years) 2.75 3 0.431 

    SES score (0 - 100) 1.93 3 0.587 

    Family structure 14.87 6 0.021 

Additive effects at 2022 b   
 

    Sex 1.83 3 0.608 

    Age (years) 4.07 3 0.254 

    SES score (0 - 100) 2.99 3 0.393 

    Family structure 11.57 6 0.072 

Note: a Conditional effects refer to the parameter for “ILR factor by covariate”; b Additive effects 
refer to the parameter for “ILR factor by time by covariate”; * Type-III likelihood test; SES, 

Socioeconomic Status. Source: author. 

 

The analyses examining the sociodemographic correlates of the 

components within the 24-hour time-use composition based on coordinate-

specific models is presented in Table 7. Back-transformed predictions performed 

to ease the interpretation of associations were provided in Table 8. In 2019, the 

average time spent in MVPA was 4.7 min lower in females than in males (βILR = -

0.15, 95%CI: -0.20, -0.10). In addition, females spent 18.7 min more LIPA (βILR = 

0.10, 95%CI: 0.05, 0.15) and 17.7 min more SLP (βILR = -0.07, 95%CI: 0.02, 0.12) 

compared to males. The association between sex with MVPA (βILR = 0.06, 95%CI: 

-0.02, 0.12), LIPA (βILR = -0.01, 95%CI: -0.08, 0.07), and SLP (βILR = -0.01, 

95%CI: -0.08, 0.06) did not differ between time points. Adolescents who lived with 

a single parent had, on average, slightly more MVPA than those who lived with 

both parents in 2019 (βILR = 0.06, 95%CI: 0.00, 0.11). This relationship also did 

not differ between time points (βILR = -0.02, 95%CI: -0.09, 0.06). The observed 

stability of correlates suggests that the cross-sectional differences in the 24-hour 

movement behaviors from 2019 to 2022 were not moderated by 

sociodemographic characteristics.  
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Table 7 – Stability of sociodemographic correlates of the components within the 
24-hour time-use composition from 2019 to 2022. 

Variable 

First pivot coordinates (ILR1) 

MVPA LIPA SB SLP 

β (95%CI) β (95%CI) β (95%CI) β (95%CI) 

Conditional effects at 

2019 
    

    Sex 
    

    Male REF REF REF REF 

    Female -0.15 (-0.20, -0.10) 0.10 (0.05, 0.15) -0.03 (-0.08, 0.02) 0.07 (0.02, 0.12) 

    Age (years) 0.00 (-0.02, 0.02) -0.00 (-0.03, 0.02) 0.01 (-0.01, 0.03) -0.01 (-0.03, 0.01) 

    SES score (0 - 100) 0.01 (-0.02, 0.03) -0.01 (-0.04, 0.01) -0.00 (-0.03, 0.02) 0.00 (-0.02, 0.03) 

    Family structure 
    

    Live with both parents REF REF REF REF 

    Single parent 0.06 (0.00, 0.11) -0.05 (-0.11, 0.00) -0.00 (-0.05, 0.05) 0.01 (-0.05, 0.06) 

    Does not live with            

parents -0.06 (-0.16, 0.05) 0.02 (-0.09, 0.13) -0.01 (-0.11, 0.10) 0.04 (-0.07, 0.15) 

Additive effects at 

2022 
    

    Sex 
    

    Male REF REF REF REF 

    Female 0.05 (-0.02, 0.12) -0.01 (-0.08, 0.07) -0.01 (-0.08, 0.06) -0.01 (-0.08, 0.06) 

    Age (years) -0.03 (-0.06, 0.00) 0.02 (-0.01, 0.05) 0.02 (-0.02, 0.05) 0.01 (-0.03, 0.04) 

    SES score (0 - 100) -0.02 (-0.05, 0.02) 0.02 (-0.02, 0.05) 0.01 (-0.03, 0.05) -0.01 (-0.04, 0.03) 

    Family structure 
    

    Live with both parents REF REF REF REF 

    Single parent -0.02 (-0.09, 0.06) 0.02 (-0.06, 0.10) -0.01 (-0.08, 0.07) -0.02 (-0.10, 0.06) 

    Does not live with 

parents 0.27 (0.11, 0.43) -0.09 (-0.25, 0.08) -0.11 (-0.27, 0.05) -0.07 (-0.24, 0.09) 

Note: a Conditional effects refer to the coefficient for “ILR1 by covariate”; b Additive effects refer 
to the coefficient for “ILR1 by time by covariate”; * Type-III likelihood test; SES, Socioeconomic 

Status. Source: author. 
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Table 8 – Back-transformed estimates of the 24-hour movement behaviors from 2019 
to 2022 according to sex and family structure. 

Variable 
Adjusted predictions (min/day)a 

MVPA LIPA SB SLP 

Estimates at 2019     

Sex     
    Male 32.5 265.7 696.2 445.6 

    Female 27.8 284.4 664.8 462.9 

   ∆ (Female - Male) -4.7 18.7 -31.4 17.3 

Family structure     
    Live with both parents 29.4 279.0 679.1 452.5 

    Single parent 31.2 268.8 682.2 457.7 

    Does not live with parents 27.7 280.3 667.7 464.3 

   ∆ (Single - Both parents) 1.8 -10.2 3.1 5.2 

   ∆ (None - Both parents) -1.7 1.3 -11.4 11.8 

Estimates at 2022     
Sex     
    Male 27.8 263.6 701.9 446.6 

    Female 25.5 283.1 668.6 462.8 

   ∆ (Female - Male) -2.3 19.5 -33.3 16.2 

Family structure     
    Live with both parents 25.9 275.2 684.3 454.6 

    Single parent 26.9 271.0 687.9 454.1 

    Does not live with parents 33.2 276.3 659.3 471.2 

   ∆ (Single - Both parents) 1.0 -4.2 3.6 -0.5 

   ∆ (None - Both parents) 7.3 1.1 -25.0 16.6 
Note: Models were adjusted for age, sex, SES, and family structure. a Marginal means adjusted for 

mean age and proportionally weighted according to the levels of factor covariates; MVPA, moderate-
to-vigorous-intensity physical activity; LIPA, light-intensity physical activity; SB, sedentary behavior; 

SPT, sleep time. Source: author. 

 

3.2.2 Longitudinal data 

  

Of the 333 participants of the 2019 wave enrolled in the schools in 2022, 249 

provided complete data in 2019 and were analyzed. Reasons for losses are described 

in Figure 9. Losses due to non-compliance with the accelerometer protocol were not 

associated with sociodemographic characteristics (APPENDIX I).  
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Figure 9 – Attrition in the nested cohort sample of the ELEVA study. 

Source: author 

 

Out of the 249 participants, 138 provided valid data in 2022 (retention rate of 

55%).  Most losses to follow-up reflected school dropouts (65 of 111) as these students 

were not attending classes during the data collection period. Dropouts were slightly 

older than those who were assessed at both time points (Table 9). 

 
Table 9 – Participant’s characteristics in the longitudinal sample. 

Variable 
Time 1 (2019) 

N = 249 
Time 2 (2022) 

N = 138 
Dropouts 
N = 111 

p-value* 

Sex, n (%)   
 0.8 

    Male 117 (47%) 64 (46%) 53 (48%)  
    Female 132 (53%) 74 (54%) 58 (52%)  
Age (years), mean (SD) 15.6 (0.8) 15.4 (0.7) 15.8 (0.9) <0.001 

Highest education among parents, n (%)   
 0.4 

    <8 years 12 (4.8%) 6 (4.3%) 6 (5.4%)  
    8-11 years 93 (37%) 46 (33%) 47 (42%)  
    >11 years 137 (55%) 81 (59%) 56 (50%)  
    Do not know 7 (2.8%) 5 (3.6%) 2 (1.8%)  
SES score (0 - 100), mean (SD)   

 0.9 

Family structure, n (%) 38.5 (9.4) 38.6 (9.8) 38.4 (9.0)  
    Live with both parents   

 0.9 

    Single parent 159 (64%) 87 (63%) 72 (65%)  
    Do not live with parents 80 (32%) 46 (33%) 34 (31%)   

Note: SD, standard deviation; SES, socioeconomic status; *Tests comparing Time 2 and Dropouts: 
Wilcoxon rank sum test applied to age and SES, and Pearson x² tests applied to the remaining 

variables. Source: author. 
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The unadjusted compositional mean and ternary confidence intervals of the 

24-hour movement behaviors in the longitudinal sample in 2019 and 2022 are 

presented in Figure 10. The relative proportion of each behavior to the 24 hours was 

2.2% MVPA, 19.5% LIPA, 46.4% SB and 31.9% SPT in 2019; and 1.8% MVPA, 18.4% 

LIPA, 48.7% SB and 31.1% SPT in 2022. 

 
Figure 10 – Ternary diagrams describing the 24-hour movement behavior 

composition among high school students from the longitudinal sample in 2019 and 
2022, Brazil. 

 

Note: Solid-coloured circles and dashed lines represent the unadjusted compositional average. 
Coloured areas refer to the ternary 95% confidence intervals. MVPA, moderate-to-vigorous-intensity 
physical activity; LIPA, light-intensity physical activity; SB, sedentary behavior; SPT, sleep duration. 

Source: author. 

 

The within-participant changes in the time-use composition are presented in 

Table 10. A change in the composition was observed from 2019 to 2022 (p < 0.001). 

The contribution of SB increased (5.1%, equivalent to 34 min/day) in detriment of lower 

time spent in MVPA (-17.7%, equivalent to 5.4 min/day), lower LIPA (-5.9%, equivalent 

to 16.3 min/day) and lower SPT (-2.6%, equivalent to 12.2 min/day). Changes over 
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time were not statistically significant for LIPA and SPT and the magnitude their 

contribution to time reallocations should not be taken as conclusive. 

 

Table 10 – Within-participant changes in 24-hour movement behaviour composition 
between 2019 and 2022 samples. 

Outcomes 
Adjusted predictions (min/day)a 

∆ (%)b p-valued 
2019 sample 2022 sample 

Composition       <0.001c 

MVPA 30.5 25.1 -17.7 <0.001 

LIPA 277.4 261.1 -5.9 0.923 

SB 671.5 705.5 5.1 <0.001 

SPT 460.6 448.4 -2.6 0.084 

Note: Models were adjusted for sociodemographic characteristics at 2019 (i.e., age, sex, SES, and 
family structure). a Marginal means adjusted for mean age and proportionally weighted according to 

the levels of factor covariates; b Relative difference from 2022 and 2019; c Type-III likelihood test 
comparing the whole composition between time points; d All p-values except for the composition were 

from the comparison between the pivot coordinates between time points; MVPA, moderate-to-
vigorous-intensity physical activity; LIPA, light-intensity physical activity; SB, sedentary behavior; SPT, 

sleep time. Source: author. 

 

The analyses on potential moderators of the time differences in the 24-hour 

movement behaviours composition are presented in Table 11. None of the three-way 

interaction terms between the 24-movement composition, time (i.e., 2022 versus 

2019), and sociodemographic variables were significant at p-value < 0.05, suggesting 

that the changes over time did not differ between subgroups of participants.  Thus, 

coordinate-specific models examining changes in the components of the composition 

were not explored. 

 

Table 11 – Moderation effects of sociodemographic factors on the changes in the 24-
hour movement composition from 2019 to 2022. 

Moderatorsa df Wald x2 p-value* 

Sex 3 2.39977 0.494 

Age (years) 3 3.33398 0.343 

SES score (0 - 100) 6 5.5176 0.479 

Family structure 3 4.39775 0.222 

Note: a Each moderator was associated with the slope of time (i.e., ILR factor by time by covariate) 
testing whether they moderate the changes in the 24-hour movement composition; * Type-III likelihood 

test; ILR, Isometric log-ratio factor, SES, Socioeconomic status. Source: author. 
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3.2.3 Sensitivity analyses 

  

The analyses accounting for the exclusion of compositional outliers and 

complete case filtering for the prospective sample let to the same conclusions (data 

not shown). The analyses performed using cut-off points designed for adults to classify 

SB, LIPA, and MVPA are available in APPENDIX J. The 24-hour time-use composition 

did not differ between 2019 and 2022 in the cross-sectional analysis (p = 0.061). The 

association between sociodemographic characteristics and the time-use composition 

in 2019 changed compared to the findings that were derived using the cut-off points 

for children. The effects of both sex and family structure with MVPA previously 

observed using children cut-off points were partially reallocated to LIPA. However, the 

stability of correlates was similar between analyses using distinct cut-off points. 

Prospective changes were observed to be in the same direction but with a lower 

magnitude compared to the findings that were derived using the cut-off points for 

children. 

 

3.3 DISCUSSION 

 

This study compared the 24-hour movement behaviors among high-school 

students in Brazil, focusing on the periods before the COVID-19 pandemic (2019) and 

after the reopening of schools for in-person classes (2022). The behaviors were 

assessed using accelerometers and were analyzed using compositional data analyses 

within a study featuring a cohort nested within a repeated cross-sectional survey. The 

adopted design is robust for investigating the effects of a pandemic that impacted the 

whole world, eliminating the possibility of having control groups. The nested cohort and 

a repeated cross-sectional sample allowed us to understand how the observed 

behavioral changes differ from what is typically expected with aging during the high 

school years. 

The analysis of repeated cross-sectional data revealed slight differences in the 

composition of 24-hour movement behaviors when comparing students who did not 

face the COVID-19 pandemic before starting high school versus those high school 

students who returned to in-person instruction after COVID-19 restrictions were lifted. 

Although statistically significant, the SB and SLP differences were quite small and are 

considered to have limited impact on the overall health of the population. Time spent 
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in MVPA was slightly lower in 2022 than in 2019 (-3.3 min/day). Although there is 

consistent evidence of lower MVPA59 and increased SB60,61 and SPT61,62 when 

comparing the pre-COVID period with the earlier stages of the pandemic, studies have 

shown a trend toward diminishing differences in movement behavior levels when 

comparisons are made with periods of relaxed restrictions. A prospective comparison 

of Swedish students that compared the pre-COVID-19 and mid-2021 periods, when 

schools remained closed in Sweden, found a decrease in SPT and LIPA, an increase 

in SB, and no change in MVPA.65 Studies of adolescents that compared movement 

behaviors during COVID-19 with the behaviors levels after the return to school63 and 

with the complete removal of social restrictions64 observed higher levels of physical 

activity at the later periods. Collectively, these findings may suggest that most of the 

unhealthy changes that occurred to adolescents’ 2 -hour movement behaviors during 

the early stages of the pandemic were due to the restricted access to schools and sport 

facilities and that once they were lifted, adolescents quickly returned to their normal 

movement behavior levels.  

In contrast to the cross-sectional findings, the prospective analyses 

demonstrated considerable changes in the 24-hour movement behavior composition 

among students who started high school in 2019 and experienced most of it during the 

pandemic. These changes were characterized by a 17.7% decrease in MVPA, and a 

5.1% increase in SB from 2019 to 2022. These results are in line with prospective 

evidence prior to COVID-19 showing that, throughout adolescence, objectively-

measured MVPA48 and SPT51 tend to decrease while the time spent on SB increases49. 

Taken together, the findings from prospective and repeated cross-sectional analyses 

suggest that the prospective changes in the 24-hour movement behaviors may be 

partially explained by aging and partially attributable to COVID-19 restrictions. 

However, the evidenced unhealthier changes in MVPA,59 SB,61 and SPT61 from prior-

COVID-19 to the earlier stages of the pandemic could not be assessed in this study 

and, therefore, the investigation comparing the periods prior-, during- and post-COVID-

19 should be examined in future studies. 

The analyses of sociodemographic correlates of the 24-hour movement 

behaviors revealed that the inequalities observed before the pandemic persisted from 

before to after the COVID-19 pandemic. In summary, females spent less daily time in 

MVPA and more time in both LIPA and SPT compared to males. Adolescents who live 

with a single parent had slightly more MVPA than their counterparts who live with both 
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parents. Sex and family structure inequalities related to the 24-hour movement 

behaviors are consistent with the literature and were extensively discussed in the 

context of this study.67,102 The stability of the correlates is in line with the moderation 

analysis performed in the prospective sample, revealing that changes in the 24-hour 

time-use composition from 2019 to 2022 did not vary according to sociodemographic 

characteristics. The absence of pronounced moderation effects suggests that external 

factors, such as the return to in-person schooling, may have played a predominant role 

in shaping the activity patterns, diminishing the influence of individual 

sociodemographic characteristics. Sex, age, and SES were previously identified as 

potential moderators of differences in at least components of the 24-hour movement 

behaviors for comparisons accounting for both early61 and later63,65 phases of the 

pandemic. However, previous findings were inconsistent. For instance, Hurter and 

colleagues compared the period of lockdowns (January to February, 2021) with the 

return to school (April to May, 2021) among children and adolescents from the UK. 

They found an increase in MVPA that was associated with male sex (vs females), 

higher SES, and lower age.63 Helgadóttir and colleagues examined a sample of 

Swedish adolescents in 2019 and again in mid-2021 and found that the changes in 

SPT on weekdays and in LIPA and MVPA during school hours were higher among 

males than females, but did not differ according to parental education.65  Therefore, 

moderators of changes in the 24-hour movement behaviors accounting for the end of 

imposing restrictions may be specific to countries, and should be further explored.  

The possibility of the impact of social restrictions on the 24-hour movement 

behaviors lasting for long after the pandemic outbreak among adolescents raises 

concerns. The absence of school, club, and gym access during the pandemic may 

have hindered the development of motor skills related to sports, potentially creating 

barriers to future engagement in physical activity. The increased time spent on screens 

and the potential expansion of online teaching might have had enduring effects on 

accelerometer-measured SB. However, our study did not confirm the long-term impact 

of the pandemic, and challenges related to the promotion of healthy patterns of 24-

hour movement behaviors faced before the pandemic seem to be the same after the 

pandemic. 

This study has several strengths. First, the repeated cross-sectional with a 

nested cohort design allowed us to compare cross-sectional and prospective 

inferences within the same population. The study was conducted in a middle-income 
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country sample, Brazil, and COVD-19 related changes in movement behaviors in such 

countries are scarce. The target population of students from public high school 

integrated with professional courses, which is often misrepresented in national health 

surveys, was the focus of this study. The data collection was conducted a semester 

prior to COVID-19 in 2019 and in the first semester post the complete reopening of the 

participant schools, which is an adequate timing to examine pre- and pos-COVID-19 

behavioral changes. The outcomes (i.e., 24-hour movement behaviors) were 

objectively assessed using accelerometers, which provide more accurate estimates 

compared to self-reported instruments and allow us to account for the compositional 

structure of the data within the time-use epidemiology framework. The accelerometer-

wearing protocol was tested and adapted for the study, which allowed good 

compliance with the accelerometer criteria (23.8 hours/day of average wear time 

among the analyzed sample). A compositional multilevel modeling approach was 

applied to consider the co-dependency of the 24-hour movement behaviors and the 

nested nature of data (i.e., participants nested within schools). All the code designed 

for the statistical analysis was provided, which favors transparency and allows further 

examination by the scientific community. 

This study has limitations that need to be acknowledged. Although the 

specificity of the population is an important contribution of the study, the findings may 

not fully represent all subgroups within the broader public school system, especially 

socioeconomically vulnerable groups within the student population. Therefore, the 

findings of this study should be considered within the context of career and technical 

education programs, which are growing in Brazil. Another limitation is that data 

representing the earlier stages of the pandemic, when strict restrictive measures were 

imposed, could not be assessed. Finally, although the movement behaviors were 

assessed based on raw accelerometer data and were processed using open-source 

algorithms, no behavioral classification cut-off points designed specifically for the age 

range of the target population (i.e., most aged 15-18 years) are currently available. 

Thus, a sensitivity analysis was performed to examine whether the findings based on 

cut-off points designed for children and recommended for adolescents differ from those 

based on cut-off points designed for adults. 

 

3.4 CONCLUSION 
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Both within- and between-participant differences in the 24-hour movement 

behavior compositions were observed when comparing the periods prior to COVID-19 

in 2019 with after the reopening of schools for in-person classes in 2022. Sex and 

family structure inequalities related to the 24-hour movement behaviors persisted from 

2019 to 2022. Prospective analysis showed a considerable decrease in MVPA and an 

increase in SB that were expected with aging. No clear pattern of differences was 

observed for LIPA and SPT. Although in the same direction, the magnitude of 

differences comparing cross-sectional samples were small. The findings suggest that 

the 24-hour movement behaviors long-term changes may have been partially a 

consequence of aging and partially attributable to COVID-19 restrictions. Although the 

negative impact of the early stages of the pandemic on the 24-hour movement 

behaviors, previously identified by several studies, was not observed with the 

reopening of schools, the pursuit of an optimal balance of time use remains a public 

health priority. 
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4 FINAL CONSIDERATIONS 

 

This PhD thesis comprises a major study of two sequential phases. Phase I 

was a quasi-experimental study designed to evaluate wrist-worn accelerometer 

protocols and guide methodological decisions to be applied in Phase II, a repeated-

cross sectional with a nested cohort design, aimed to examine the 24-hour movement 

behaviors in the context of the COVID-19 pandemic among adolescents. 

In Phase I, we found that participants who wore disposable PVC wristbands 

and were instructed not to remove the monitor for water-based activities had 

significantly higher adherence to 24-hour wrist-worn accelerometer monitoring 

protocols (i.e., providing valid data) than those who received removable wristbands 

and were instructed according to traditional protocols (i.e., removing the devices to 

avoid water contact). Participants who reported that wearing the accelerometer 

hindered their daily activities, were employed, or felt embarrassed about wearing the 

device were less likely to comply with accelerometer wear-time criteria, regardless of 

the protocol used. These findings favored the adoption of the disposable wristband 

protocol in the main study, Phase II. The protocol was then slightly adapted, and Phase 

II participants were instructed to remove the devices only for activities in which they 

would be deeply submerged (e.g., swimming). Extensive efforts were made to ensure 

that the devices were protected against water infiltration and damage for field data 

collection, including regular checks to ensure the external case remained intact (e.g., 

with no fissures or cracking). Given previous evidence of studies with huge sample 

loss due to insufficient accelerometer wearing time among children and adolescents in 

Brazil, we recommend using the above-mentioned protocol to mitigate selection bias. 

In Phase II, we examined the 24-hour movement behaviors in two waves of 

high-school students (i.e., 2019 and 2022). Cross-sectional comparisons showed that, 

although statistically significant, the SB and SLP differences between 2019 and 2022 

have limited practical significance and are unlikely to have a meaningful impact on the 

population's overall health. Time spent in MVPA was slightly lower in 2022 than in 

2019. Cross-sectional analyses showed that sociodemographic inequalities related to 

the 24-hour movement behaviors persisted from 2019 to 2022. A nested cohort within 

the repeated cross-sectional samples was analyzed to examine prospective changes 

in the 24-hour movement behaviors. There was a considerable decrease in MVPA and 

an increase in SB. No statistically significant differences were observed for LIPA and 
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SPT. These findings are in line with evidence of the tracking of movement behaviors 

throughout adolescence. The findings suggest that the 24-hour movement behaviors 

long-term changes may have been affected by both age and COVID-19 restrictions. 

This conclusion is grounded especially on the similar time-use patterns observed in 

cross-sectional comparisons. The two waves of participants were age-paired by 

design. Thus, time-use differences between those were expected to be mostly 

explained by the social and structural consequences of the COVID-19 pandemic. 

However, no relevant time-use differences were observed, except for MVPA. In 

summary, at least in the context of the population of this study, the current challenges 

faced by public health to promote healthier patterns of time use (e.g., increase MVPA 

in detriment of decreasing SB) among adolescents are expected to be the same from 

before the pandemic outbreak.  

Nevertheless, the dissemination of findings has been tailored to suit the key 

audiences of this research: (I) researchers: all peer-reviewed publications, protocols 

and questionnaires related to the ELEVA study were made available and being 

updated at the study’s website (https://eleva.ufsc.br/); (II) school community and 

stakeholders: detailed reports of findings per school were sent to school managers, 

and presentations and discussion sessions were scheduled with schools communities, 

which include managers, staffs and students. Findings from the ELEVA study were 

presented at several national and international conferences. The abstract with 

preliminary results from Phase I was ranked among the favorite abstracts for the 

Actigraph award for physical activity level measurements at the 43rd International 

Symposium on Sports Sciences in 2020.103 The award winner was also an abstract 

with preliminary results of the correlates of 24-hour movement behaviors based on the 

first wave (i.e., 2019) of the ELEVA study.104 

 

 

  

https://eleva.ufsc.br/
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APPENDIX B – PHASE I: ASSENT AND CONSENT TERM 
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Document 2: Consent term
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APPENDIX D – PHASE I: PUBLISHED SUPPLEMENTARY FILE 

 

 T           x                                                            “C                 

adherence to a 24-hour wrist-                                                               ”        

Journal for the Measurement of Physical Behaviour on 23 August 2021. Please refer to the published 

version whenever a citation is intended (https://doi.org/10.1123/jmpb.2020-0062). 

 

Suppl1. GGIR script applied on accelerometer raw data.  

library("GGIR") 
 
g.shell.GGIR( 

   #------------------------------- 
             # General parameters 
             #------------------------------- 
             mode=c(1:2),  
             datadir="D:/Acc ",   
             outputdir="D:/Output", 
             overwrite = FALSE, 
             do.imp=FALSE, 
             idloc=1, 
             print.filename=TRUE, 
             printsummary=TRUE, 
             storefolderstructure = FALSE,   
             do.parallel = FALSE, 
             #------------------------------- 
             # Part 1 parameters: 
             #------------------------------- 
             do.enmo = TRUE, 
             chunksize=1,  
             #------------------------------- 
             # Part 2 parameters: 
             #------------------------------- 
             strategy = 2,  
             includedaycrit = 16,  
             maxdur = 0, 
             M5L5res = 10,  
             winhr = c(5),  
             qwindow=c(0,24),    
             mvpathreshold =c(200.6),  
             epochvalues2csv = FALSE,  
             bout.metric=1, 
             #----------------------------------- 
             # Report generation 
             #------------------------------- 
             do.report=c(1,2)) 

https://doi.org/10.1123/jmpb.2020-0062
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Suppl2. Comparison between sexes on the perception of wearing accelerometers among adolescents. 

ELEVA pilot study, Florianópolis, Brazil, 2019. 

Variables Overall sample 
Female Male 

p-value* 

 mean±sd  mean±sd  mean±sd 

Discomfort score (0-4) 2.5±0.7 2.4±0.6 2.7±0.8 0.1353 

Inconvenience score (0-4) 2.1±0.9 2.1±1.0 2.2±0.8 0.5679 

Shameful score (0-5) 1.7±1.0 1.6±1.0 1.7±1.1 0.8836 

Hinder daily activities (0-5) 1.9±1.1 1.7±1.0 2.1±1.3 0.0951 

Hinder physical activity (0-5) 1.5±1.0 1.3±0.7 2.0±1.3 0.0004 

Hinder night sleep (0-5) 2.1±1.3 2.1±1.4 2.2±1.3 0.6611 

Note: *Wilcoxon rank-sum test; SD: standard deviation. 

 

 

Suppl3. Comparison between disposable and reusable wristband plans on the perception of wearing 

accelerometers among adolescents. ELEVA pilot study, Florianópolis, Brazil, 2019. 

Variables 
Overall 

sample 

Disposable 

PVC 

wristband 

Reusable 

Fabric 

wristband 
p-value* 

 Mean ± SD  Mean ± SD  Mean ± SD 

Discomfort score (0-4) 2.5±0.7 2.4±0.8 2.6±0.6 0.3311 

Inconvenience score (0-4) 2.1±0.9 2.0±0.9 2.2±0.9 0.1142 

Shameful score (0-5) 1.7±1.0 1.5±1.0 1.7±1.0 0.1526 

Hinder daily activities (0-5) 1.9±1.1 1.9±1.2 1.8±1.1 0.7972 

Hinder physical activity (0-5) 1.5±1.0 1.5±1.1 1.5±0.9 0.6002 

Hinder night sleep (0-5) 2.1±1.3 2.3±1.3 2.0±1.4 0.2336 

Note: *Wilcoxon rank-sum test; SD: standard deviation. 
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Suppl4. Accelerometer weartime comparison between disposable and removable wristband plans in adolescents. ELEVA pilot study, Florianópolis, Brazil, 

2019. 

Variables Overall sample Disposable 

PVC wristband 

Removable 

Fabric wristband 
p-value* 

No eligibility criteria (n=137)         

Protocol wear time (%), median (IQR) 99.1 (83.9-100.0) 99.8 (99.5-100.0) 92.2 (73.6-99.5) <0.001 

Number of valid days (16 hour/day), mean± SD 5.2±1.4 5.8±0.7 4.9±1.7 <0.001 

Number of valid days (23 hour/day), mean± SD 4.6±1.9 5.7±0.9 3.8±2.0 <0.001 

16 hour/day for 3 weekdays + 1 weekend criteria (n=114) 
    

Protocol wear time (%), median (IQR) 99.7 (94.4-100.0) 100.0 (99.7-100.0) 96.5 (90.1-99.8) <0.001 

Number of valid days (16 hour/day), mean± SD 5.8±0.5 5.9±0.2 5.6±0.6 0.002 

23 hour/day for 3 weekdays + 1 weekend criteria (n=92) 
    

Protocol wear time (%), median (IQR) 99.8 (99.1-100.0) 100.0 (99.7-100.0) 99.5 (96.5-100.0) 0.004 

Number of valid days (23 hour/day), mean± SD 5.7±0.6 5.9±0.2 5.4±0.7 <0.001 

Note: *Wilcoxon rank-sum test; SD: standard deviation; IQR: interquartile range (p25-p75). 
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Suppl5. Sensitivity analyses of the comparison of wear time estimates between data collection 

plans. 

Procedure: Three samples of the same size as the disposable PVC wristband group (n=57) 

were randomly drawn from the sample of participants who wore reusable fabric wristbands 

(n=80). The analyses comparing both accelerometer data collection plans (disposable versus 

reusable) were repeated for each randomly drawn sample (figure below). The results were 

similar to those observed with the whole sample (n=80).  

Figure. Sensitivity analysis of the cumulative distribution function of accelerometer wear time 

compliance according to data collection plan among adolescents. ELEVA pilot study, 

Florianópolis, Brazil, 2019. 
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APPENDIX E – PHASE I: QUESTIONNAIRES 
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APPENDIX F – PHASE II ASSENT AND CONSENT TERMS 

 

Document 1: Assent term applied in 2019
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Document 2: Consent term applied in 2019
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Document 3: Assent term applied to minors (<18 years) in 2022 
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Document 4: Consent term applied to minors (<18 years) in 2022 
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Document 5: Consent term applied to majors (≥18 years) in 2022
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APPENDIX G – PHASE II: ETHICS COMMITTEE APPROVAL 
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APPENDIX H – PHASE II: MODEL SPECIFICATION AND DIAGNOSYS 

 

List of packages 

pacman::p_load( 
  tidyverse, 
  sjlabelled, 
  janitor, 
  lme4, 
  lmerTest, 
  gtsummary, 
  compositions, 
  robCompositions,   
  performance, 
  parameters, 
  emmeans, 
  kableExtra 
  ) 

 

1. CROSS-SECTIONAL DATA 

1.1 Describing the compositional data 

The variables MVPA, LIPA, SB and SPT are declared as a single compositional vector using the 
compositional::acomp() function. 

labels <- c("MVPA","LIPA","SB","SPT") 
 
coda <- Data_cross %>% 
  mutate( 
    activity = cbind(MVPA, LIPA, SB, SPT), 
    composition = acomp(activity)) 

 

Description of the compositional means expressed in proportion relative to the 24 hours and variation 
matrix. Note that these results are presented in Figure 8 (thesis). 

coda %>% group_by(survey) %>%  
  reframe( 
    avg = mean.acomp(composition), 
    beh = labels) %>%  
  ungroup() %>%  
  mutate(avg=round(avg*100,2)) %>%  
  pivot_wider( 
    names_from = c(beh), 
    values_from = c(avg) 
  ) %>% kable() 

 

survey MVPA LIPA SB SPT 

2019 2.13 19.24 47.19 31.43 

2022 1.88 19.15 47.49 31.49 
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# Variation matrix 
 
var1 <- coda %>%  
  filter(survey=='2019') %>%  
  select(composition) %>%  
  reframe(variation = round( 
    compositions::variation(composition), 3)) %>%  
  as.matrix(.) %>% data.frame() %>%  
  mutate(Variables = labels) %>%  
  relocate(Variables) 
 
names(var1) <- c('Variables',labels) 
var1 %>% kbl() 

 

Variables MVPA LIPA SB SPT 

MVPA 0.000 0.242 0.358 0.326 

LIPA 0.242 0.000 0.097 0.074 

SB 0.358 0.097 0.000 0.042 

SPT 0.326 0.074 0.042 0.000 

 

var2 <- coda %>%  
  filter(survey=='2022') %>%  
  select(composition) %>%  
  reframe(variation = round( 
    compositions::variation(composition), 3)) %>%  
  as.matrix(.) %>% data.frame() %>%  
  mutate(Variables = labels) %>%  
  relocate(Variables) 
 
names(var2) <- c('Variables',labels) 
  var2 %>% kbl()  

 

Variables MVPA LIPA SB SPT 

MVPA 0.000 0.281 0.443 0.393 

LIPA 0.281 0.000 0.109 0.089 

SB 0.443 0.109 0.000 0.046 

SPT 0.393 0.089 0.046 0.000 
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1.2 Preparing data for modeling 

First, the pivot coordinates accounting for distinct numerators (i.e., ilr_mvpa, ilr_lipa, ilr_sb, ilr_spt) are 
created and stored as data frames. Another coordinate using binary partition is created (i.e., ilr_simplex). 
All data frames are merged to the main dataset which will be reshaped to long format. 

# defining SBP 
 
# creating pivot coordinates 
ilr_mvpa <-  coda %>%  
  select(all_of(labels)) %>%  
  data.matrix() %>%  
  pivotCoord(1) %>%  
  data.frame() 
names(ilr_mvpa) <- c('ilr_mvpa.1', 'ilr_mvpa.2', 'ilr_mvpa.3') 
 
ilr_lipa <-  coda %>%  
  select(all_of(labels)) %>%  
  data.matrix() %>%  
  pivotCoord(2) %>%  
  data.frame() 
names(ilr_lipa) <- c('ilr_lipa.1', 'ilr_lipa.2', 'ilr_lipa.3') 
 
ilr_sb <-  coda %>%  
  select(all_of(labels)) %>%  
  data.matrix() %>%  
  pivotCoord(3) %>%  
  data.frame() 
names(ilr_sb) <- c('ilr_sb.1', 'ilr_sb.2', 'ilr_sb.3') 
 
ilr_spt <-  coda %>%  
  select(all_of(labels)) %>%  
  data.matrix() %>%  
  pivotCoord(4) %>%  
  data.frame() 
names(ilr_spt) <- c('ilr_spt.1', 'ilr_spt.2', 'ilr_spt.3') 
 
ilr_simplex <-  coda %>%  
  select(all_of(labels)) %>%  
  ilr() %>% data.frame() 
 
coda <- bind_cols(coda, ilr_mvpa, ilr_lipa, ilr_sb, ilr_spt, ilr_simplex) %>%  
  mutate( 
    ilr.1 = V1,  
    ilr.2 = V2,  
    ilr.3 = V3 
  ) 
 
coda_stacked <- coda %>%  
  pivot_longer(cols = starts_with( 
    c("ilr.", "ilr_mvpa.", "ilr_lipa.", "ilr_sb.", "ilr_spt.")),  
    names_to = c(".value", "ilr_factor"), 
    names_sep = "\\.") %>%  
  mutate(ilr_factor = as_factor(ilr_factor))  
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1.3 Overall composition difference between time points 

The lmer function was used to fit the multilevel model applied to the stacked data. The car::Anova 

function is used to test whether the composition differ between surveys (ilr_factor:survey). The 

emmeans function is used to get adjusted predictions (Table 5 in Thesis). 

model <- lmer(ilr ~  -1 + 
                ilr_factor + 
                ilr_factor:survey + 
                ilr_factor:sex + 
                ilr_factor:age + 
                ilr_factor:ses + 
                ilr_factor:family + 
                (1 | campus/id),  
              coda_stacked, 
              control = lmerControl( 
                optimizer ='optimx', optCtrl=list(method='L-BFGS-B'), 
                check.conv.singular =  
                  .makeCC(action = "ignore",  
                          tol = formals(isSingular)$tol))) 
 
check_model(model,  check = c("pp_check", "linearity", "homogeneity", "outliers")) 
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check_model(model,  check = c("qq", "normality", "reqq")) 
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model_parameters(model) %>%  
  select(Parameter, Coefficient, CI_low, CI_high, p) %>% kbl(digits = 3) 

 

Parameter Coefficient CI_low CI_high p 

ilr_factor1 1.349 1.081 1.618 0.000 

ilr_factor2 1.419 1.150 1.687 0.000 

ilr_factor3 0.904 0.635 1.172 0.000 

ilr_factor1:survey2022 0.079 0.044 0.114 0.000 

ilr_factor2:survey2022 0.056 0.021 0.091 0.002 

ilr_factor3:survey2022 0.035 -0.001 0.070 0.054 

ilr_factor1:sexFemale 0.136 0.100 0.171 0.000 

ilr_factor2:sexFemale -0.017 -0.053 0.018 0.339 

ilr_factor3:sexFemale 0.060 0.025 0.096 0.001 

ilr_factor1:age 0.010 -0.005 0.025 0.201 

ilr_factor2:age 0.013 -0.002 0.028 0.099 

ilr_factor3:age -0.008 -0.023 0.007 0.307 

ilr_factor1:ses 0.000 -0.002 0.002 0.861 

ilr_factor2:ses 0.001 -0.001 0.003 0.463 

ilr_factor3:ses 0.000 -0.002 0.002 0.773 

ilr_factor1:familySingle parent -0.055 -0.094 -0.016 0.005 

ilr_factor2:familySingle parent -0.006 -0.045 0.033 0.755 

ilr_factor3:familySingle parent -0.004 -0.043 0.035 0.843 

ilr_factor1:familyDoest not live with parents -0.051 -0.133 0.030 0.213 

ilr_factor2:familyDoest not live with parents -0.055 -0.136 0.026 0.186 

ilr_factor3:familyDoest not live with parents 0.010 -0.071 0.091 0.812 

SD (Intercept) 0.256 NA NA NA 

SD (Intercept) 0.037 NA NA NA 

SD (Observations) 0.187 NA NA NA 

 

car::Anova(model, type = "III") %>% kbl() 

 

 Chisq Df Pr(>Chisq) 

ilr_factor 127.7448596 3 0.0000000 

ilr_factor:survey 21.6667717 3 0.0000765 

ilr_factor:sex 119.6532360 3 0.0000000 

ilr_factor:age 12.6193739 3 0.0055364 

ilr_factor:ses 0.7123274 3 0.8703007 

ilr_factor:family 17.9505286 6 0.0063570 
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1.4 Pivot coordinates differences between time points 

The second set of models were fitted using the pivot coordinates as dependent variables. The 
ilr_factor1:survey coefficient is interpreted as the differences between surveys for the relative 

contribution of the numerator to the remaining behaviors. A total of 4 models were fitted and, for each, 
the p-value relative to the parameter ilr_factor1:survey was stored and described (Table 5 in 

Thesis). 

outcomes <- c('ilr_mvpa', 'ilr_lipa', 'ilr_sb', 'ilr_spt') 
 
# Running the models and saving parameters 
for (outcome in outcomes) { 
   
  model <- lmer(get(outcome) ~ -1 + 
                ilr_factor + 
                ilr_factor:survey + 
                ilr_factor:sex + 
                ilr_factor:age + 
                ilr_factor:ses + 
                ilr_factor:family + 
                  (1 | campus/id),  
                coda_stacked, 
                control = lmerControl( 
                  optimizer ='optimx', optCtrl=list(method='L-BFGS-B'), 
                  check.conv.singular =  
                    .makeCC(action = "ignore",  
                            tol = formals(isSingular)$tol))) 
 
  coef <- parameters(model) %>%  
    filter(Parameter=='ilr_factor1:survey2022') %>%  
    mutate( 
      Coefficient = sprintf(Coefficient, fmt = "%.3f"), 
      p = sprintf(p, fmt = "%.3f")) %>%  
    clean_names() %>%  
    select(c('parameter', 'coefficient', 'p')) %>%  
    as_tibble()  
   
  assign(paste0('c1_', outcome), coef) 
  remove(list = c('model')) 
} 
 
# Combining parameters in a single object 
 
coef <- bind_rows(c1_ilr_mvpa, c1_ilr_lipa, c1_ilr_sb, c1_ilr_spt) %>%  
  mutate(parameter = labels)  
 
coef %>% kbl() 

 

parameter coefficient p 

MVPA -0.104 0.000 

LIPA 0.028 0.120 

SB 0.045 0.013 

SPT 0.037 0.040 



135 

1.5 Stability of sociodemographic correlates 

The third set of models were fitted to test whether the characteristics associated with the time-use 
composition in 2019 persisted in 2022. The parameter ilr_factor:covariate refers to the association 

between the covariate and the composition in 2019. The parameter ilr_factor:survey:covariate 

refers to whether the effect of ilr_factor:covariate in 2022 differed from 2019. Only Sex and Family 

were significantly (p<0.05) associated with the composition in 2019, but no additive effect were observed 
in 2022. Either way, the predicted composition was computed to illustrate the differences. These findings 
are reported in Tables 6 and 8 (Thesis). 

model <- lmer(ilr ~ -1 + 
                ilr_factor + 
                ilr_factor:survey + 
                ilr_factor:sex + 
                ilr_factor:age + 
                ilr_factor:scale(ses) + 
                ilr_factor:family + 
                ilr_factor:survey:sex + 
                ilr_factor:survey:age + 
                ilr_factor:survey:scale(ses) + 
                ilr_factor:survey:family + 
                (1 | campus/id),  
              coda_stacked, 
              control = lmerControl( 
                optimizer ='optimx', optCtrl=list(method='L-BFGS-B'), 
                check.conv.singular =  
                  .makeCC(action = "ignore",  
                          tol = formals(isSingular)$tol))) 
 
car::Anova(model, type = "III") %>% kbl() 

 

 Chisq Df Pr(>Chisq) 

ilr_factor 86.611284 3 0.0000000 

ilr_factor:survey 2.683390 3 0.4430573 

ilr_factor:sex 74.188634 3 0.0000000 

ilr_factor:age 2.753043 3 0.4312882 

ilr_factor:scale(ses) 1.929577 3 0.5871511 

ilr_factor:family 14.865096 6 0.0213323 

ilr_factor:survey:sex 1.831520 3 0.6081000 

ilr_factor:survey:age 4.074444 3 0.2535369 

ilr_factor:survey:scale(ses) 2.991233 3 0.3929789 

ilr_factor:survey:family 11.570974 6 0.0722534 
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predictors <- c('sex', 'family') 
 
# Running the models and saving parameters 
for (predictor in predictors) { 
 
  formula <- as.formula(paste("~ ilr_factor *", predictor)) 
  pred <- tidy(emmeans::emmeans(model, formula, by=c('survey'), weights = "proportional")) %
>%  
    select(c("estimate", 'survey', 'ilr_factor', all_of(predictor))) %>%  
    pivot_wider(names_from = 'ilr_factor', values_from =c("estimate")) %>%  
    mutate(geo = clo(ilrInv(cbind( 
      `1`,  
      `2`,  
      `3`)), total=1440), 
      geo = round(geo, 1), 
      group = get(predictor)) 
 
  pred <- data.frame(pred$geo, 
                     survey = pred$survey, 
                     group = pred$group) %>%  
    relocate(survey) 
 
  colnames(pred)[2:5] <- labels  
 
assign(paste0('pred_', predictor), pred) 
} 
 
pred_sex %>% kbl() 

 

survey MVPA LIPA SB SPT group 

2019 32.5 265.7 696.2 445.6 Male 

2019 27.8 284.4 664.8 462.9 Female 

2022 27.8 263.6 701.9 446.6 Male 

2022 25.5 283.1 668.6 462.8 Female 

 

pred_family %>% kbl() 

 

survey MVPA LIPA SB SPT group 

2019 29.4 279.0 679.1 452.5 Live with both parents 

2019 31.2 268.8 682.2 457.7 Single parent 

2019 27.7 280.3 667.7 464.3 Doest not live with parents 

2022 25.9 275.2 684.3 454.6 Live with both parents 

2022 26.9 271.0 687.9 454.1 Single parent 

2022 33.2 276.3 659.3 471.2 Doest not live with parents 
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A total of 4 models were fitted and, for each, the coefficient and the p-value relative to the parameter 

ilr_factor1:covariate and ilr_factor:survey:covariate were extracted the described in Table 7 

(Thesis) . 

outcomes <- c('ilr_mvpa', 'ilr_lipa', 'ilr_sb', 'ilr_spt') 
 
# Running the models and saving parameters 
for (outcome in outcomes) { 
   
  model <- lmer(get(outcome) ~ -1 + 
                  ilr_factor + 
                  ilr_factor:survey + 
                  ilr_factor:sex + 
                  ilr_factor:age + 
                  ilr_factor:scale(ses) + 
                  ilr_factor:family + 
                  ilr_factor:survey:sex + 
                  ilr_factor:survey:age + 
                  ilr_factor:survey:scale(ses) + 
                  ilr_factor:survey:family + 
                  (1 | campus/id),  
                coda_stacked, 
                control = lmerControl( 
                  optimizer ='optimx', optCtrl=list(method='L-BFGS-B'), 
                  check.conv.singular =  
                    .makeCC(action = "ignore",  
                            tol = formals(isSingular)$tol))) 
 
    coef <- parameters(model) %>%  
    filter(grepl("^ilr_factor1", Parameter)) %>%  
    mutate(across(c(Coefficient, CI_low, CI_high),  
                  ~sprintf(., fmt = "%.2f")), 
           slope = paste0(Coefficient, ' (', CI_low, ', ', CI_high, ')'), 
           slope = case_when( 
             p<0.05 ~ paste0('**', slope, '**'), 
             .default = slope 
           )) %>%  
    select(Parameter, slope)  %>%  
    clean_names() %>%  
    as_tibble()  
   
  assign(paste0('slope_', outcome), coef) 
    remove(list = c('model', 'coef')) 
} 
 
# Combining parameters in a single object 
 
models <- list(slope_ilr_mvpa, slope_ilr_lipa, slope_ilr_sb, slope_ilr_spt) %>%  
  reduce(inner_join, by='parameter') %>%  
  filter(!parameter %in% c('ilr_factor1', 'ilr_factor1:survey2022')) 
 
names(models)[2:5] <- labels  
models %>%  kbl() 
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parameter MVPA LIPA SB SPT 

ilr_factor1:sexFemale **-0.15 (-0.20, -0.10)** **0.10 (0.05, 0.15)** -0.03 (-0.08, 0.02) **0.07 (0.02, 0.12)** 

ilr_factor1:age 0.00 (-0.02, 0.02) -0.00 (-0.03, 0.02) 0.01 (-0.01, 0.03) -0.01 (-0.03, 0.01) 

ilr_factor1:scale(ses) 0.01 (-0.02, 0.03) -0.01 (-0.04, 0.01) -0.00 (-0.03, 0.02) 0.00 (-0.02, 0.03) 

ilr_factor1:familySingle parent **0.06 (0.00, 0.11)** -0.05 (-0.11, 0.00) -0.00 (-0.05, 0.05) 0.01 (-0.05, 0.06) 

ilr_factor1:familyDoest not live with parents -0.06 (-0.16, 0.05) 0.02 (-0.09, 0.13) -0.01 (-0.11, 0.10) 0.04 (-0.07, 0.15) 

ilr_factor1:survey2022:sexFemale 0.05 (-0.02, 0.12) -0.01 (-0.08, 0.07) -0.01 (-0.08, 0.06) -0.01 (-0.08, 0.06) 

ilr_factor1:survey2022:age -0.03 (-0.06, 0.00) 0.02 (-0.01, 0.05) 0.02 (-0.02, 0.05) 0.01 (-0.03, 0.04) 

ilr_factor1:survey2022:scale(ses) -0.02 (-0.05, 0.02) 0.02 (-0.02, 0.05) 0.01 (-0.03, 0.05) -0.01 (-0.04, 0.03) 

ilr_factor1:survey2022:familySingle parent -0.02 (-0.09, 0.06) 0.02 (-0.06, 0.10) -0.01 (-0.08, 0.07) -0.02 (-0.10, 0.06) 

ilr_factor1:survey2022:familyDoest not live 
with parents 

**0.27 (0.11, 0.43)** -0.09 (-0.25, 0.08) -0.11 (-0.27, 0.05) -0.07 (-0.24, 0.09) 

 

2. Prospective data 

2.1 Describing the compositional data 

The variables MVPA, LIPA, SB and SPT are declared as a single compositional vector using the 
compositional::acomp() function. 

labels <- c("MVPA","LIPA","SB","SPT") 
 
coda <- Data_long %>% 
  mutate( 
    activity = cbind(MVPA, LIPA, SB, SPT), 
    composition = acomp(activity)) 

 

Description of the compositional means expressed in proportion relative to the 24 hours and variation 
matrix. Note that this results are presented in Figure 10 (thesis). 

coda %>% group_by(survey) %>%  
  reframe( 
    avg = mean.acomp(composition), 
    beh = labels) %>%  
  ungroup() %>%  
  mutate(avg=round(avg*100,2)) %>%  
  pivot_wider( 
    names_from = c(beh), 
    values_from = c(avg) 
  ) %>%  
  kbl()  

 

survey MVPA LIPA SB SPT 

2019 2.21 19.54 46.4 31.85 

2022 1.78 18.41 48.7 31.10 
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# Variation matrix 
 
var1 <- coda %>%  
  filter(survey=='2019') %>%  
  select(composition) %>%  
  reframe(variation = round( 
    compositions::variation(composition), 3)) %>%  
  as.matrix(.) %>% data.frame() %>%  
  mutate(Variables = labels) %>%  
  relocate(Variables) 
 
names(var1) <- c('Variables',labels) 
var1 %>% kbl() 

 

Variables MVPA LIPA SB SPT 

MVPA 0.000 0.269 0.371 0.322 

LIPA 0.269 0.000 0.103 0.066 

SB 0.371 0.103 0.000 0.039 

SPT 0.322 0.066 0.039 0.000 

 

var2 <- coda %>%  
  filter(survey=='2022') %>%  
  select(composition) %>%  
  reframe(variation = round( 
    compositions::variation(composition), 3)) %>%  
  as.matrix(.) %>% data.frame() %>%  
  mutate(Variables = labels) %>%  
  relocate(Variables) 
 
names(var2) <- c('Variables',labels) 
var2 %>% kbl() 

 

Variables MVPA LIPA SB SPT 

MVPA 0.000 0.300 0.461 0.411 

LIPA 0.300 0.000 0.133 0.099 

SB 0.461 0.133 0.000 0.039 

SPT 0.411 0.099 0.039 0.000 
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2.2 Preparing data for modeling 

The lmer function was used to fit the multilevel model applied to the stacked data. The car::Anova 

function is used to test whether the composition differ between surveys (ilr_factor:survey). The 

emmeans function is used to get adjusted predictions (Table 10 in Thesis). 

# defining SBP 
 
# creating pivot coordinates 
ilr_mvpa <-  coda %>%  
  select(all_of(labels)) %>%  
  data.matrix() %>%  
  pivotCoord(1) %>%  
  data.frame() 
names(ilr_mvpa) <- c('ilr_mvpa.1', 'ilr_mvpa.2', 'ilr_mvpa.3') 
 
ilr_lipa <-  coda %>%  
  select(all_of(labels)) %>%  
  data.matrix() %>%  
  pivotCoord(2) %>%  
  data.frame() 
names(ilr_lipa) <- c('ilr_lipa.1', 'ilr_lipa.2', 'ilr_lipa.3') 
 
ilr_sb <-  coda %>%  
  select(all_of(labels)) %>%  
  data.matrix() %>%  
  pivotCoord(3) %>%  
  data.frame() 
names(ilr_sb) <- c('ilr_sb.1', 'ilr_sb.2', 'ilr_sb.3') 
 
ilr_spt <-  coda %>%  
  select(all_of(labels)) %>%  
  data.matrix() %>%  
  pivotCoord(4) %>%  
  data.frame() 
names(ilr_spt) <- c('ilr_spt.1', 'ilr_spt.2', 'ilr_spt.3') 
 
ilr_simplex <-  coda %>%  
  select(all_of(labels)) %>%  
  ilr() %>% data.frame() 
 
coda <- bind_cols(coda, ilr_mvpa, ilr_lipa, ilr_sb, ilr_spt, ilr_simplex) %>%  
  mutate( 
    ilr.1 = V1,  
    ilr.2 = V2,  
    ilr.3 = V3 
  ) 
 
coda_stacked <- coda %>%  
  pivot_longer(cols = starts_with( 
    c("ilr.", "ilr_mvpa.", "ilr_lipa.", "ilr_sb.", "ilr_spt.")),  
    names_to = c(".value", "ilr_factor"), 
    names_sep = "\\.") %>%  
  mutate(ilr_factor = as_factor(ilr_factor))  
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2.3 Overall composition difference between time points 

Compared to the model applied to cross-sectional data, the following analyses include a random slope 
for the ILR factor at the individual level to account for the repeated measures of compositions over time 
and their correlations. Findings are presented in Table 10 (Thesis). 

model <- lmer(ilr ~  -1 + 
                ilr_factor + 
                ilr_factor:survey + 
                ilr_factor:sex + 
                ilr_factor:age + 
                ilr_factor:ses + 
                ilr_factor:family + 
                (0 + ilr_factor | campus/id),  
              coda_stacked, 
              control = lmerControl( 
                optimizer ='optimx', optCtrl=list(method='L-BFGS-B'), 
                check.conv.singular =  
                  .makeCC(action = "ignore",  
                          tol = formals(isSingular)$tol))) 
 
check_model(model,  check = c("pp_check", "linearity", "homogeneity", "outliers")) 
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check_model(model,  check = c("qq", "normality", "reqq")) 
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model_parameters(model) %>%  
  select(Parameter, Coefficient, CI_low, CI_high, p) %>% kbl(digits = 3) 

 

Parameter Coefficient CI_low CI_high p 

ilr_factor1 1.904 1.048 2.759 0.000 

ilr_factor2 1.991 1.163 2.818 0.000 

ilr_factor3 1.202 0.624 1.779 0.000 

ilr_factor1:survey2022 0.096 0.053 0.140 0.000 

ilr_factor2:survey2022 0.145 0.102 0.189 0.000 

ilr_factor3:survey2022 0.037 -0.005 0.079 0.083 

ilr_factor1:sexFemale 0.167 0.081 0.253 0.000 

ilr_factor2:sexFemale -0.017 -0.100 0.066 0.680 

ilr_factor3:sexFemale 0.059 0.002 0.116 0.042 

ilr_factor1:age -0.024 -0.076 0.029 0.376 

ilr_factor2:age -0.025 -0.075 0.025 0.333 

ilr_factor3:age -0.029 -0.065 0.006 0.101 

ilr_factor1:ses -0.002 -0.006 0.003 0.520 

ilr_factor2:ses 0.000 -0.004 0.005 0.864 

ilr_factor3:ses 0.001 -0.002 0.004 0.523 

ilr_factor1:familySingle parent -0.042 -0.128 0.045 0.344 

ilr_factor2:familySingle parent 0.031 -0.052 0.114 0.470 

ilr_factor3:familySingle parent 0.007 -0.052 0.066 0.816 

ilr_factor1:familyDoest not live with parents 0.100 -0.081 0.280 0.278 

ilr_factor2:familyDoest not live with parents 0.039 -0.135 0.213 0.661 

ilr_factor3:familyDoest not live with parents 0.050 -0.076 0.176 0.436 

SD (ilr_factor1) 0.295 NA NA NA 

SD (ilr_factor2) 0.281 NA NA NA 

SD (ilr_factor3) 0.157 NA NA NA 

SD (ilr_factor1) 0.069 NA NA NA 

SD (ilr_factor2) 0.073 NA NA NA 

SD (ilr_factor3) 0.051 NA NA NA 

Cor (ilr_factor1~ilr_factor2) 0.849 NA NA NA 

Cor (ilr_factor1~ilr_factor3) 0.902 NA NA NA 

Cor (ilr_factor2~ilr_factor3) 0.994 NA NA NA 

Cor (ilr_factor1~ilr_factor2) 0.697 NA NA NA 

Cor (ilr_factor1~ilr_factor3) 0.930 NA NA NA 

Cor (ilr_factor2~ilr_factor3) 0.912 NA NA NA 

SD (Observations) 0.195 NA NA NA 
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car::Anova(model, type = "III") %>% kbl() 

 

 Chisq Df Pr(>Chisq) 

ilr_factor 26.622550 3 0.0000071 

ilr_factor:survey 60.443249 3 0.0000000 

ilr_factor:sex 31.047788 3 0.0000008 

ilr_factor:age 2.689436 3 0.4420255 

ilr_factor:ses 1.977196 3 0.5771532 

ilr_factor:family 5.486827 6 0.4830503 

 

pred <- tidy(emmeans::emmeans(model, ~ ilr_factor*survey, weights = "proportional")) %>% 
  select(c("estimate", 'std.error', 'survey', 'ilr_factor')) %>%  
  pivot_wider(names_from = 'ilr_factor', values_from =c("estimate", "std.error")) %>%  
  # Change to include CI 
  select(survey, c(starts_with('estimate'))) %>%  
  mutate(geo = clo(ilrInv(cbind( 
    `estimate_1`,  
    `estimate_2`,  
    `estimate_3`)), total=1440), 
    geo = round(geo, 1)) 
 
pred <- data.frame(pred$geo, 
                   survey = pred$survey) %>%  relocate(survey) 
 
colnames(pred)[2:5] <- labels  
 
pred %>% kbl() 

 

survey MVPA LIPA SB SPT 

2019 30.5 277.4 671.5 460.6 

2022 25.1 261.1 705.5 448.4 
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2.4 Pivot coordinates differences between time points 

The second set of models were fitted using the pivot coordinates as dependent variables. The 
ilr_factor1:survey coefficient is interpreted as the differences between surveys for the relative 

contribution of the numerator to the remaining behaviors. 

outcomes <- c('ilr_mvpa', 'ilr_lipa', 'ilr_sb', 'ilr_spt') 
 
# Running the models and saving parameters 
for (outcome in outcomes) { 
   
  model <- lmer(get(outcome) ~ -1 + 
                  ilr_factor + 
                  ilr_factor:survey + 
                  ilr_factor:sex + 
                  ilr_factor:age + 
                  ilr_factor:ses + 
                  ilr_factor:family + 
                  (0 + ilr_factor | campus/id),  
                coda_stacked, 
                control = lmerControl( 
                  optimizer ='optimx', optCtrl=list(method='L-BFGS-B'), 
                  check.conv.singular =  
                    .makeCC(action = "ignore",  
                            tol = formals(isSingular)$tol))) 
   
  coef <- parameters(model) %>%  
    filter(Parameter=='ilr_factor1:survey2022') %>%  
    mutate( 
      Coefficient = sprintf(Coefficient, fmt = "%.3f"), 
      p = sprintf(p, fmt = "%.3f")) %>%  
    clean_names() %>%  
    select(c('parameter', 'coefficient', 'p')) %>%  
    as_tibble()  
   
  assign(paste0('c1_', outcome), coef) 
  remove(list = c('model')) 
} 
 
# Combining parameters in a single object 
 
coef <- bind_rows(c1_ilr_mvpa, c1_ilr_lipa, c1_ilr_sb, c1_ilr_spt) %>%  
  mutate(parameter = labels)  
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2.5 Moderation analysis 

The last set of models were fitted to test whether the effect of time point on the composition varied 
according to sociodemographic characteristics. The parameter ilr_factor:survey:covariate refers 

to the association between the covariate and time-use change from 2019 to 2022. 

moderators <- c('sex', 'age', 'ses', 'family') 
 
for (moderator in moderators) { 
   
  formula <- paste0('ilr ~ -1 + 
                  ilr_factor + 
                  ilr_factor:survey + 
                  ilr_factor:sex + 
                  ilr_factor:age + 
                  ilr_factor:ses + 
                  ilr_factor:family + 
                  ilr_factor:survey:',  
                  moderator, 
                  ' + (0 + ilr_factor | campus/id)') 
   
  model <- lmer(formula,  
                coda_stacked, 
                control = lmerControl( 
                  optimizer ='optimx', optCtrl=list(method='L-BFGS-B'), 
                  check.conv.singular =  
                    .makeCC(action = "ignore",  
                            tol = formals(isSingular)$tol))) 
 
  effect <- parameters(car::Anova(model, type = "III")) %>%  
    filter(Parameter == paste0('ilr_factor:survey:', moderator)) %>%  
    select(Parameter, df, Chi2, p) %>%  
    mutate( 
      Parameter = paste0('ilr_factor * survey * ', moderator), 
      p = sprintf(p, fmt = "%.3f")) %>%  
    clean_names() %>%  
    as_tibble() 
   
  assign(paste0('inter_', moderator), effect) 
  remove(list = c('effect', 'model')) 
} 
 
mod <- bind_rows(inter_sex, inter_age, inter_ses, inter_family)  
mod %>% kbl() 

 

parameter df chi2 p 

ilr_factor * survey * sex 3 2.399770 0.494 

ilr_factor * survey * age 3 3.333978 0.343 

ilr_factor * survey * ses 3 4.397752 0.222 

ilr_factor * survey * family 6 5.517600 0.479 
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APPENDIX I – PHASE II: ACCELEROMETER COMPLIANCE ANALYSES 

 

AI.Table 1. Comparison between participants who provided valid accelerometer data 

and those excluded for not complying with the accelerometer protocol in 2019. 

Variable 
Excluded Included 

p-value* 
N = 124 N = 679 

Sex, n (%)  
 

>0.9 

    Male 61 (49%) 335 (49%) 
 

    Female 63 (51%) 344 (51%) 
 

Age (years), mean (SD) 16.5 (1.0) 16.3 (1.1) 0.094 

Highest education among parents, n (%)  
 

0.200 

    <8 years 3 (2.4%) 40 (5.9%) 
 

    8-11 years 37 (30%) 227 (33%) 
 

    >11 years 83 (67%) 398 (59%) 
 

    Do not know 1 (0.8%) 14 (2.1%) 
 

SES score (0 - 100), mean (SD) 40.5 (10.3) 39.1 (9.8) 0.150 

Family structure, n (%)   0.600 

    Live with both parents 74 (60%) 431 (63%)  

    Single parent 44 (35%) 212 (31%) 
 

    Do not live with parents 6 (4.8%) 36 (5.3%)   

Nota: Pearson’s Chi-squared test or Fisher’s exact test applied to categorical variables, Wilcoxon rank 

sum test applied to numerical variables. Source: Author. 
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AI. Table 2: Comparison between participants who provided valid accelerometer data 

and those excluded for not complying with the accelerometer protocol in 2022. 

Variable 
Excluded Included 

p-value* 
N = 236 N = 597 

Sex, n (%)  
 

0.015 

    Male 126 (53%) 263 (44%) 
 

    Female 110 (47%) 334 (56%) 
 

Age (years), mean (SD) 16.4 (1.2) 16.5 (1.2) 0.200 

Highest education among parents, n (%)  
 

0.700 

    <8 years 11 (4.7%) 33 (5.5%) 
 

    8-11 years 62 (26%) 178 (30%) 
 

    >11 years 153 (65%) 361 (60%) 
 

    Do not know 10 (4.2%) 25 (4.2%) 
 

SES score (0 - 100), mean (SD) 41.2 (10.5) 38.7 (10.2) 0.004 

Family structure, n (%)   0.700 

    Live with both parents 141 (60%) 349 (58%)  

    Single parent 86 (36%) 218 (37%) 
 

    Do not live with parents 9 (3.8%) 30 (5.0%)   

Nota: Pearson’s Chi-squared test or Fisher’s exact test applied to categorical variables, Wilcoxon rank 

sum test applied to numerical variables. Source: Author. 
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AI. Table 3: Comparison between participants who provided valid accelerometer data 

and those excluded for not complying with the accelerometer protocol in the 

longitudinal sample. 

Variable 
Excluded Included 

p-value* 
N = 38 N = 249 

Sex, n (%)  
 

0.800 

    Male 17 (45%) 117 (47%) 
 

    Female 21 (55%) 132 (53%) 
 

Age (years), mean (SD) 15.6 (0.8) 15.6 (0.8) 0.900 

Highest education among parents, n (%)  
 

>0.9 

    <8 years 1 (2.6%) 12 (4.8%) 
 

    8-11 years 13 (34%) 93 (37%) 
 

    >11 years 23 (61%) 137 (55%) 
 

    Do not know 1 (2.6%) 7 (2.8%) 
 

SES score (0 - 100), mean (SD) 38.3 (10.2) 38.5 (9.4) >0.9 

Family structure, n (%)   0.900 

    Live with both parents 23 (61%) 159 (64%)  

    Single parent 14 (37%) 80 (32%) 
 

    Do not live with parents 1 (2.6%) 10 (4.0%)   

 Nota: Pearson’s Chi-squared test or Fisher’s exact test applied to categorical variables, 

Wilcoxon rank sum test applied to numerical variables. Source: Author. 
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APPENDIX J – PHASE II: SENSITIVITY ANALYSES 

 

AJ.Table 1. Comparison of 24-hour time-use composition between 2019 and 2022 

cross-sectional samples using adult cut-off points for behavior classification. 

Outcomes 
Adjusted predictions (min/day)a 

∆ (%)b p-valued 
2019 sample 2022 sample 

Composition       0.061 

MVPA 105.4 100.5 -4.6 0.001 

LIPA 148.8 148.5 -0.2 0.411 

SB 732.2 736.8 0.6 0.094 

SPT 453.6 454.2 0.1 0.242 

Note: Models were adjusted for age, sex, SES, and family structure. a Marginal means adjusted 

for mean age and proportionally weighted according to the levels of factor covariates; b Relative 

difference from 2022 and 2019; c Type-III likelihood test comparing the whole composition 

between time points; d All p-values except for the composition were from the comparison 

between the pivot coordinates between time points; MVPA, moderate-to-vigorous-intensity 

physical activity; LIPA, light-intensity physical activity; SB, sedentary time; SPT, sleep time. 
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AJ.Table 2. Stability of sociodemographic correlates of the 24-hour time-use 

composition from 2019 to 2022 using adult cut-off points for behavior classification. 

Variable Wald x2 df p-value* 

Conditional effects at 2019 a    

    Sex 54.71 3 <0.001 

    Age (years) 3.29 3 0.349 

    SES score (0 - 100) 1.25 3 0.741 

    Family structure 14.84 6 0.022 

Additive effects at 2022 b    

    Sex 0.47 3 0.926 

    Age (years) 2.39 3 0.496 

    SES score (0 - 100) 1.48 3 0.686 

    Family structure 5.78 6 0.449 

Note: a Conditional effects refer to the parameter for “ILR factor by covariate”; b Additive effects 

refer to the parameter for “ILR factor by time by covariate”; * Type-III likelihood test; SES, 

Socioeconomic Status 
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AJ.Table 3. Stability of sociodemographic correlates of the components within the 24-

hour time-use composition from 2019 to 2022 using adult cut-off points for behavior 

classification. 

Variable 

First pivot coordinates (ILR1) 

MVPA LIPA SB SLP 

β (95%CI) β (95%CI) β (95%CI) β (95%CI) 

Conditional effects at 2019     

    Sex 
    

    Male REF REF REF REF 

    Female -0.03 (-0.07, 0.00) 0.07 (0.04, 0.10) -0.07 (-0.11, -0.04) 0.02 (-0.01, 0.05) 

    Age (years) 0.00 (-0.02, 0.02) -0.00 (-0.02, 0.01) 0.01 (-0.01, 0.02) -0.01 (-0.03, 0.01) 

    SES score (0 - 100) -0.01 (-0.02, 0.01) -0.01 (-0.03, 0.01) -0.00 (-0.02, 0.02) 0.01 (-0.01, 0.02) 

    Family structure 
    

    Live with both parents REF REF REF REF 

    Single parent 0.03 (-0.01, 0.06) -0.05 (-0.09, -0.01) 0.01 (-0.03, 0.05) 0.02 (-0.02, 0.06) 

    Does not live with            

parents 0.01 (-0.07, 0.09) -0.01 (-0.09, 0.07) -0.03 (-0.10, 0.05) 0.03 (-0.05, 0.10) 

Additive effects at 2022 
    

    Sex 
    

    Male REF REF REF REF 

    Female 0.02 (-0.03, 0.07) 0.01 (-0.04, 0.06) -0.00 (-0.05, 0.05) -0.00 (-0.05, 0.05) 

    Age (years) -0.01 (-0.03, 0.01) 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.03) -0.00 (-0.02, 0.02) 

    SES score (0 - 100) 0.00 (-0.02, 0.03) 0.01 (-0.02, 0.03) 0.00 (-0.02, 0.03) -0.01 (-0.04, 0.01) 

    Family structure 
    

    Live with both parents REF REF REF REF 

    Single parent 0.01 (-0.05, 0.06) 0.02 (-0.04, 0.07) -0.01 (-0.07, 0.04) -0.03 (-0.08, 0.03) 

    Does not live with parents 0.13 (0.01, 0.24) -0.04 (-0.16, 0.07) -0.06 (-0.18, 0.06) -0.02 (-0.14, 0.10) 

Note: a Conditional effects refer to the coefficient for “ILR1 by covariate”; b Additive effects refer 

to the coefficient for “ILR1 by time by covariate”; * Type-III likelihood test; SES, Socioeconomic 

Status 
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AJ.Table 4. Back-transformed estimates of the 24-hour movement behaviors from 

2019 to 2022 according to sex and family structure using adult cut-off points for 

behavior classification. 

Variable 
Adjusted predictions (min/day)a 

MVPA LIPA SB SLP 

Estimates at 2019     

Sex     
    Male 106.0 142.2 747.5 444.3 

    Female 104.8 154.6 718.6 462.0 

   ∆ (Female - Male) -1.2 12.4 -28.9 17.7 

Family structure     
    Live with both parents 104.7 151.2 732.9 451.2 

    Single parent 106.6 144.0 732.5 456.8 

    Does not live with parents 105.8 150.7 719.9 463.6 

   ∆ (Single - Both parents) 1.9 -7.2 -0.4 5.6 

   ∆ (None - Both parents) 1.1 -0.5 -13.0 12.4 

Estimates at 2022     
Sex     
    Male 99.7 141.3 753.6 445.4 

    Female 101.2 154.7 721.8 462.3 

   ∆ (Female - Male) 1.5 13.4 -31.8 16.9 

Family structure     
    Live with both parents 98.7 149.8 737.7 453.8 

    Single parent 101.7 145.9 739.5 453.0 

    Does not live with parents 114.5 147.7 707.3 470.5 

   ∆ (Single - Both parents) 3.0 -3.9 1.8 -0.8 

   ∆ (None - Both parents) 15.8 -2.1 -30.4 16.7 

Note: Models were adjusted for age, sex, SES, and family structure. a Marginal means adjusted 

for mean age and proportionally weighted according to the levels of factor covariates; MVPA, 

moderate-to-vigorous-intensity physical activity; LIPA, light-intensity physical activity; SB, 

sedentary time; SPT, sleep time. 

 



154 

AJ.Table 5. Within-participant changes in 24-hour movement behavior composition 

between 2019 and 2022 samples using adult cut-off points for behavior classification. 

Outcomes 
Adjusted predictions (min/day)a 

∆ (%)b p-valued 
2019 sample 2022 sample 

Composition       <0.001 

MVPA 108.0 95.1 -11.9 <0.001 

LIPA 148.9 140.3 -5.8 0.232 

SB 723.3 756.8 4.6 <0.001 

SPT 459.7 447.8 -2.6 0.277 

Note: Models were adjusted for sociodemographic characteristics at 2019 (i.e., age, sex, SES, 

and family structure). a Marginal means adjusted for mean age and proportionally weighted 

according to the levels of factor covariates; b Relative difference from 2022 and 2019; c Type-

III likelihood test comparing the whole composition between time points; d All p-values except 

for the composition were from the comparison between the pivot coordinates between time 

points; MVPA, moderate-to-vigorous-intensity physical activity; LIPA, light-intensity physical 

activity; SB, sedentary time; SPT, sleep time. 

 

AJ.Table 6. Moderation effects of sociodemographic factors on the changes in the 24-

hour movement composition from 2019 to 2022 using adult cut-off points for behavior 

classification. 

Moderatorsa df Wald x2 p-value* 

Sex 3 3.46649 0.325 

Age (years) 3 4.15385 0.245 

SES score (0 - 100) 3 4.58498 0.205 

Family structure 6 5.40352 0.493 

Note: a Each moderator was associated with the slope of time (i.e., ILR factor by time by 

covariate) testing whether they moderate the changes in the 24-hour movement composition; 

* Type-III likelihood test; ILR, Isometric log-ratio factor, SES, Socioeconomic status 
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