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Abstract  

Understanding the associations of movement behaviour time-use (i.e., physical activity, 

sedentary behaviour, and sleep) and youth’s physical health, psychological health, and 

education-related outcomes has become increasingly popular in public health research. 

However, little is known about the differences in movement behaviour time-use across youth 

from different socioeconomic positions and how these differences may affect specific outcomes. 

This thesis furthers our knowledge of movement behaviour time-use and socioeconomic 

position through three studies. In the first study, a systematic review, I found that the 

combination of “high” levels of physical activity and sleep with “low” sedentary behaviour 

provided children and adolescents are generally associated with the best outcomes. In the 

second study I aimed to identify general and domain-specific movement trajectory profiles and 

whether socioeconomic position could predict profile membership. For general movement 

behaviours, males from different socioeconomic positions did not differ in their movement 

trajectory profiles, but females from lower socioeconomic position were a combination of being 

less physically active and more sedentary than their higher socioeconomic peers. For domain-

specific movement behaviours those from lower socioeconomic backgrounds, regardless of 

sex, tended to spend a combination of more time in recreational screen activities and less time 

in education-related sedentary behaviour than their higher socioeconomic peers. In the final 

study I aimed to test if combinations of domain-specific movement behaviours mediated the 

relationship between socioeconomic position and socio- emotional outcomes in youth. 

Recreational screen activities had a mediating effect but combinations of domain-specific 

movement behaviours did not. These findings will help us better cater programs and guidelines 

to children from different socioeconomic backgrounds. 
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Chapter  1: Introduction 
 
Movement  behaviour  time -use 

 
What  is  movement  behaviour  time -use and why  is  it  important?  

 
Time-use refers to how time is spent in a 24 hour period and has been a widely 

adopted method of research for over six decades in multiple disciplines including economics, 

work-life balance, and social life1. Public health researchers have proposed using the time-use 

approach with movement behaviours (i.e., physical activity, sedentary behaviour, and sleep) to 

improve health recommendations2–4. Studying movement behaviours combined over a 24-hour 

period allows researchers to better understand how physical activity, sedentary behaviour, and 

sleep interact to provide the most beneficial outcomes. 

 
Physical  activity definition and benefits 

 
 

The World Health Organisation defines physical activity as “any bodily movement 

produced by skeletal muscles that require energy expenditure.”5 Physical activity can be 

accumulated aerobically (e.g., running, swimming) or through resistance training (e.g., weight 

lifting, jumping). Aerobic physical activity can be broken up into different intensity levels, or how 

difficult it is. Metabolic equivalents (METs) are commonly used to measure how intense, or 

difficult an aerobic exercise is6. One MET is typically “3.5 ml/min/kg resting oxygen 

consumption”, or in more simple terms, how much energy your body uses while at rest. The 

higher the metabolic equivalent, the more energy is being expended, and therefore the higher 

the intensity of an activity. 

Light physical activity is the lowest intensity and is measured at a level between 1.5 – 
 
2.9 metabolic equivalents (METs) and can generally be sustained for at least an hour and cause 

no noticeable changes in breathing rate7. Light physical activity is not as widely discussed as 
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moderate-vigorous physical activity. However, light physical activity should be considered when  

making physical activity recommendations for more sedentary individuals as it is easier to go 

from an inactive lifestyle to a lower intensity of exercise rather than a higher intensity7,8. 

Moderate-vigorous physical activity combines the two higher intensities and is commonly found 

in health recommendations9. Moderate physical activity is defined between 3-6 METs, and 

people can typically have a conversation. Vigorous physical activity is between 6-9 METs, and 

conversations usually cannot be held during this exercise intensity9. Finally, resistance training 

includes loaded movements to increase bone and muscle strength, general health, and sports 

performance10. 

Physical activity provides children and adolescents with several physical health, 

psychological health, and education-related benefits. Sufficient physical activity is protective 

against youth developing chronic disease, obesity, diabetes, sports injuries, and mental health 

disorders such as low self- esteem and depression8,10–13. Most of these associations behave in 

a dose-response manner, meaning the more physically active one is, the greater benefit they 

will receive8,12,13. Physical activity is also associated with increased cardiorespiratory and 

muscular fitness14. Regarding education, physically active youth tend to have increased 

cognitive and executive functions, attention spans, on-task behaviours and improved academic 

performance13,15–17. 

 
Physical  activity domains 

 
 

Physical activity can be accumulated in many ways18. In this thesis, I will refer to 

different types of physical activities as domains. Physical activity domains include structured 

physical activity such as sports participation, active transportation such as walking to school, 

household physical activity such as chores, and leisure physical activity such as playing for 

enjoyment or with friends19–21. 
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It is important to consider domains of physical activity that youth participate in because 

the domains may influence certain outcomes differently. Although all domains fall under the 

“physical activity” umbrella they have various benefits and magnitudes of effects on different 

outcomes. For example, sports participation is associated with positive academic achievement, 

cognitive functioning, positive psychological health, and social connectivity22–24. A meta-

analysis in adults found that active transportation and leisure-time physical activity are 

positively associated with mental health while household physical activity is negatively 

associated with mental health21. Another meta-analyis found a reduction in all-cause mortality 

has been found for physical activity in general but when broken down by specific domain, 

leisure-time physical physical activity showed the greatest benefits for reducing all-cause 

mortality and activities of daily living had the least benefit25. Physical activity domains and 

associations with youth’s physical and mental health still needs to be explored. 

 
Physical  activity guidelines 

 
 

A review published in 2020 identified 50 different official national and international 

physical activity recommendations for children and adolescents26. All recommendations stated 

that children and adolescents should participate in at least 60 minutes of moderate-vigorous 

physical activity each day, one country recommended a minimum of 90 minutes per day. Seven 

of these recommendations mentioned that physical activity could be accumulated in bouts, or 

short durations of exercise. Nineteen recommendations stressed that vigorous activity must be 

included several times per week, typically three times. Twenty-six recommendations stated that 

activities that strengthen bones and muscles should be incorporated several times per week, 

most recommending somewhere between 2-3 times per week. Three recommendations 

encouraged several hours of light physical activity per day. 

Specifically for Australia, youth are recommended to accumulate at least 60 minutes of  
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moderate-vigorous activity per day (e.g., football, netball, swimming)27. At least three days per  

week, as part of the 60 minutes, children and young people should include muscle and bone 

strengthening activities (e.g., running, climbing, push-ups). Finally, youth should do several  

hours of light physical activity per day (e.g., walking to school, helping around the house). 

 
Physical  activity measurement  

 

Physical activity can be measured both subjectively and via devices28. Subjective physical 

activity measurements include self-report questionnaires or interviews. Physical activity can be 

measured objectively through devices such as accelerometers, heart rate monitors, 

pedometers, or wearable cameras. Researchers have discussed the strengths and limitations of 

subjective and device-based measurement types28,29. For example, in subjective 

measurements, participants may report behaviours that align with social expectations, known as 

social desirability bias. Participants may also forget exactly what they did in the past which could 

lead to recall bias. Device-based measurements can overcome both of these biases while also 

providing more accurate data than subjective measurements since the data is collected in real- 

time. However, objective measurements cannot provide information on domain-specific 

movement behaviours and are less convenient for participants. Therefore, strengths of 

subjective measurements include higher response rates from participants, measurements are 

typically less intrusive, and participants do not need to remember to put on/take off devices. 

Depending on what information is collected, subjective measurements have the opportunity to 

collect domain-specific movement behaviour data. For example, questionnaires may ask about 

sport participation, walking or riding a bike to school, etc. 

 
Sedentary behaviour  definition  and benefits  

 
 

Sedentary behaviour is defined as “any waking behaviour characterised by an energy 

�H�[�S�H�Q�G�L�W�X�U�H���”�����������0�(�7�V�����Z�K�L�O�H���L�Q���D���V�L�W�W�L�Q�J�����U�H�F�O�L�Q�L�Q�J�����R�U���O�\�L�Q�J���S�R�V�W�X�U�H�´30. Examples of sedentary 
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behaviour include reading, doing homework, and laying down while watching TV. Excessive  

sedentary behaviour can lead to obesity, increased risk of developing mental health problems,  

increased all-cause mortality, poorer diets, and poor academic performance in youth11,31–33. It is 

important to target sedentary behaviour in the earlier life stages as childhood sedentary 

behaviour is predictive of future sedentary behaviour34. Too much sedentary behaviour in adults  

has been linked to increased all-cause mortality, cancer, cardiovascular disease, and low back  

pain31,35. 

Sedentary  behaviour  domains 
 
 

Like physical activity, there are different domains, or types, of sedentary behaviours. 
 
Sedentary domains include reading, drawing, classes, studying, socialising, playing instruments, 

board games, or recreational screen time (e.g., watching television, video games, or using 

smartphones). Among these, recreational screen time is an area of interest as it has been 

associated with unhealthy outcomes, some of which may not be present in other sedentary 

behaviour domains36. These poor health outcomes include decreased cognitive development, 

increased aggressive behaviour, higher obesity prevalence, decreased self-esteem, and 

decreased quantity and quality of sleep36–40. Recreational screen time has also been associated 

with ingesting higher amounts of high-caloric snacks, cariogenic food, and sugar-sweetened 

drinks41. However, recreational screen time does have its benefits as well. For example, certain 

video games that require multiple players have been shown to increase problem solving skills, 

social connectivity, and creativity in youth42. Other domains of sedentary behavour, such as 

education-based sedentary behaviours (e.g., reading, homework) benefit cognitive development 

and academic achievement in youth40,43. 

 
Sedentary  behaviour  guidelines 

 
The 2020 systematic review that identified physical activity recommendations also 
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reported sedentary behaviour recommendations. Of the 50 included physical activity  

recommendations26, 16 included sedentary behaviour recommendations. Generally, the 

recommendations for overall sedentary behaviour is not quantifiable. The recommendations 

ranged from, “reduce sedentary behaviour” to “sit less, move more, and break up sitting”. 

Twelve of the sedentary behaviour recommendations suggested minimising screen time. Ten 

specifically stated to reduce screen time to less than or equal to 2 hours per day. 

 In Australia, it is recommended that youth should limit their time spent sitting or lying down, 

particularly in front of screens. The Australian recommendations also state that it is important to  

break up long periods of sitting as often as possible27. 

In 2022, the International School-Related Sedentary Behaviour Recommendations for 

Children and Youth were released44. Briefly, the recommendations state to break up sedentary 

behaviour with movement breaks, incorporate movement into homework and class assignments, 

avoid screen-based school-related activities both in and out of school, and to replace sedentary 

learning activities with movement-based learning activities. See Appendix A.1 for the full 

recommendations. 

 
Sedentary  behaviour  measurement  

 
 

Similar to physical activity, sedentary behaviour can be measured subjectively and 

through devices29. Subjective measures include self-report and interview while device-based 

measures of sedentary behaviour include accelerometers, heart rate monitors, direct 

observation, or wearable cameras. Oftentimes, researchers use screen time as a proxy for 

sedentary behaviour. This proxy measure is likely due to the increasing concern of screen time 

on youth outcomes (e.g., obesity, decreased cognitive functioning)36,39. Although screen time 

has become a popular proxy for measuring sedentary behaviour it has its limitations as the 

measurement ignores the benefits and detriments of other sedentary behaviours (e.g., 



Movement Behaviour Time-Use in Youth  7 
 

studying)29. 

 
Sleep definition  and benefits  

 
 

From a behaviour standpoint, sleep can be defined as “a reversible behavioural state of 

perceptual disengagement from and unresponsiveness to the environment.”45. Sleep is 

complicated to study because it has many dimensions including sleep duration, sleep quality, 

and sleep efficiency; all of which are important for health46. Although all dimensions of sleep are 

important and have their place in health, for the purpose of this thesis, I will focus on sleep 

duration, or how long one sleeps. 

Typically, sleep is accumulated as nighttime sleep or daytime naps. Lack of sleep has 

been associated with an increased risk of obesity, metabolic dysfunction, and mental health 

disorders47–50. Those with sleep disorders are more prone to adverse health effects. For 

example, those with obstructive sleep apnea have an increased risk of developing diabetes, 

metabolic syndrome, coronary artery disease, or a stroke51. Particularly for youth, insufficient 

sleep is linked to decreased academic success, motivation, cognitive functioning, well-being, 

attention due to daytime sleepiness, and emotional regulation50,52–55. Insufficient sleep also 

increases irritability and interpersonal conflicts in youth50. Naps are important to consider when 

studying sleep because they may be able to help counteract some negative effects of 

insufficient nighttime sleep. For example, independent of nighttime sleep, daytime naps benefit 

children’s and adolescents’ neurocognitive function, psychological wellness, behaviour 

problems, and academic achievement56,57. 

 
Sleep guidelines  

 
 

Sleep guidelines differ by age group. Generally, guidelines for children between 6-12 

years old ranges from 9-12 hours of sleep per night26,58. The sleep recommendations for 13-17 

years old ranges between 8.5-10 hours of sleep per night26,58. Several of these 
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recommendations state that the sleep needs to be “uninterrupted”. 

Australia recommends that children aged 5-13 should get an uninterrupted 9-11 hours 

of sleep each night and young people aged 14-17 should get an uninterrupted 8-10 hours of 

sleep each night27. The Australian guidelines also recommend strategies to ensure good sleep 

in this population: have a consistent bedtime and wake-up time, avoid screens 1 hour before 

sleep, and keep screens out of the bedroom.  

 
Sleep measurements 

 
 

Sleep can also be measured by devices and subjectively. An objective measurement of 

sleep is polysomnography59. Polysomnography measures sleep by collecting data on muscle 

movement, respiration, and cardiovascular signals (e.g., heart rate). Although the measurement 

is accurate it is cumbersome, expensive, and an infeasible method in large-scale studies. Other 

sleep measurements include self-report, accelerometry, direct observation, bed sensors, eyelid 

movement sensors, and arm sensors60,61. 

Co-dependence of  movement  behaviours  
 
 

Physical activity, sedentary behaviour, and sleep are co-dependent because time spent 

in one movement behaviour displaces time spent in others62. This means that although an 

appropriate amount of time may be spent doing one movement behaviour, it may be at the 

expense of the other behaviours. For example, a study by Olds et al. compared youth's aged 5-

16 years (mean 13.4) movement behaviour time-use during structured school days versus 

holiday periods63. Youth displaced their education time with significantly less vigorous activity, 

more screen time, more sleep, similar eating patterns, and less sitting time during the holidays 

compared to school days. Despite the decreased sitting time during the holidays, their total 

energy expenditure was far lower than during school days. This change in movement 

behaviours is estimated to increase body fat by an average of ~650g in six weeks. This shows 
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how although one movement behaviour was improved, it was at the expense of another and 

ultimately led to an undesirable health outcome. Therefore, a proper balance of movement 

behaviours, or a healthy time-use, is warranted. 

 
How is movement  behaviour  time -use measured? 

 
 

Movement behaviour time-use can be measured in several ways. Accelerometry data 

can track different intensities of physical activity, sedentary behaviour, and sleep time29,60. 

Wearable cameras can provide extensive data on the location, context, and specificity of 

activities with less error2. Researchers that are explicitly researching time-use commonly use 

time-use diaries62. Time-use diaries allow researchers to see how much time people spend on 

specific activities. Some time-use diaries can be used to investigate co-behaviours (e.g., 

standing while working) or descriptions of activities (e.g., biking to school). These details can 

help researchers identify trajectories and sequences of behaviours that lead to healthy or 

unhealthy outcomes, and can be used in assessing trends in social inequalities62. 

One study used longitudinal time-use diary data to investigate trajectories of health- 

related quality-of-life and socio-emotional outcomes in two cohorts of children (0-4 years, 5-9 

years) based on screen time and physical activity64. Children who increased their physical 

activity and participated in low amounts of screen time had the highest health-related quality 

of life and socio-emotional outcomes (i.e., emotional problems, conduct problems, 

hyperactivity/inattention, and peer problems) compared to those in other trajectories. Health-

related quality of life and socio-emotional outcomes were poorer in children who had low 

amounts of physical activity and increased their screen time or continued their same physical 

activity and screen time behaviours. Poor outcomes were especially profound in the group of 

children who increased their screen time. 

The Multimedia Activity Recall for Children and Adolescents (MARCA) is one specific  
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time-use diary. MARCA requires participants to recall their activities in 15-minute increments 

and has been shown to achieve higher validity and reliability than self-report analyses which are  

commonly used in measuring physical activity, sleep, and sedentary behaviour, namely screen 

time65. One study using MARCA as a means of data collection shows how the specificity found 

in time-use diaries can be beneficial in creating more targeted interventions across sex66. This 

study found that television viewing in girls was associated with a lower health-related quality of 

life compared to other forms of screen time. For boys, video gaming was strongly associated 

with low health-related quality of life. The same study found that the association between sport 

participation and quality of life was higher in girls and boys than in other forms of physical 

activity. These specific details found in research using time-use diaries can provide a more 

detailed direction with which type of physical activity and recreational screen time should be 

targeted in future health interventions. 

In summary, physical activity, sedentary behaviour, and sleep affect many of the same 

outcomes in youth including physical health (e.g., obesity, diabetes), psychological health (e.g., 

depression, anxiety), and education (e.g., grades). Therefore, studying the interaction of 

movement behaviours may improve our understanding of which behaviours are causing specific 

effects in youth. The World Health Organization and several countries including Canada, New 

Zealand, Australia, and South Africa have recognised the importance of movement behaviour 

time-use and have updated their health recommendation to include physical activity, sedentary 

behaviour (including recreational screen time), and sleep3,27,67–69. 

 
Socioeconomic  position  and disparities  

 
 
What  is  socioeconomic  position and how  is  it  measured?  

 
 

Socioeconomic position, commonly used interchangeably with socioeconomic status, is 

the measure of an individual’s status based on their social and economic position70–72. 



Movement Behaviour Time-Use in Youth  11 
 

Socioeconomic position should not be confused with social class or social stratification since  

this terminology may be interpreted differently and they have different theoretical backgrounds 

than socioeconomic position72. Socioeconomic position is a multidimensional construct because 

it can be measured and researched through several means70. Common markers of 

socioeconomic position typically include income, education, and occupation70. However, 

depending on the research aims and the outcomes being measured other indicators of 

socioeconomic position may be used. These measurements include home ownership, 

neighbourhood socioeconomic position, wealth, income-to-needs ratio, poverty, or qualifying for 

free student lunches70,71,73. Composite indicators, or combining multiple measurements of 

socioeconomic position, can also be used71. Youth share the same socioeconomic position as 

their parents as they are dependents who do not have jobs or incomes of their own. 

It is important to carefully consider which measurement of socioeconomic position 

should be used to answer a research question because all measurements of socioeconomic 

position have different strengths and limitations71,74. For example, income can rationalize 

discrepancies in resources and services, but it has higher non-response rates than other 

measures of socioeconomic position74. Education is more predictive of lifestyles and behaviours 

than other measures of socioeconomic position and can explain gaps in knowledge and 

understanding information75. However, education is not always linked to high health literacy. 

Occupation differences can account for different skills, working conditions and environments, 

time available to participate in various activities, and energy levels. Occupation does not 

account for differences in working conditions for men versus women or minority groups74. 

Consequently, no single measurement of socioeconomic position can explain every 

inconsistency in research or explain every disparity across different outcomes. 

 
Physical,  psychological  and education- related disparities  

 
The social gradient in health describes how people from a lower socioeconomic position 
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tend to have poorer health conditions and shorter life expectancies than those from a higher 

socioeconomic position76. For example, youth’s in the US whose parents did not complete a 

university degree have been found to have a 40-41% higher risk of passing away before age 25 

compared to those whose parents did complete a university degree77. Concerning health, a 

systematic review across 27 high-income countries found an inverse relationship between 

children’s and adolescents’ socioeconomic background and weight status within the country78. A 

separate study of 31,523 students in the US found youth from lower socioeconomic positions 

had higher prevalence of bronchiolitis, urinary tract infection, asthma, and mood disorders than 

those from higher socioeconomic positions79. Youth from lower socioeconomic backgrounds 

also tend to have lower fitness levels than their higher socioeconomic peers. A study found 

youth from higher socioeconomic Australian schools were between 1.71 - 1.87 times more likely 

to fall in the “healthy fitness zone” for cardiorespiratory fitness than their lower socioeconomic 

peers80. 

Youth from lower socioeconomic backgrounds may also have poorer health in 

adulthood. Systematic reviews have found that low childhood socioeconomic position is 

associated with inflammation in adulthood and mortality from stroke, diabetes, respiratory 

diseases, digestive diseases, coronary heart disease, and stomach, liver and lung 

cancer81–83. A more recent study in Finland on 2,250 subjects aged 3-18 found that lower 

socioeconomic position in childhood was associated with an increased risk of developing 

metabolic syndrome, type 2 diabetes, and having impaired fasting glucose 31 years 

later84. 

The social gradient in health applies not just to physical health but to psychological 

health. Several systematic reviews have found that children from lower socioeconomic 

backgrounds tend to display more antisocial behaviour, have higher incidences of attention- 

deficit/hyperactivity disorder, socio-emotional problems, and mental health problems (e.g., 
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depression, anxiety) than their higher socioeconomic peers85–89. 

Youth from lower socioeconomic backgrounds also tend to have poorer education- 

related outcomes than children from higher socioeconomic backgrounds90. Children and 

adolescents from lower socioeconomic households tend to have higher overall absenteeism and 

absenteeism due to sickness, truancy, and suspension than their higher socioeconomic peers91. 

It has also been found that children from lower socioeconomic positions have lower levels of 

executive functioning, cognitive functioning, language literary, and numeracy literacy than their 

higher socioeconomic counterparts90–92. These gaps tend to start at a young age, meaning 

youth from low socioeconomic households are more likely to have poor academic performance 

(e.g., grades, standardised test scores), have a harder time remembering important information, 

and run the risk of falling further and further behind youth in middle- and high socioeconomic 

homes90. 

 
Movement  behaviour  disparities 

 
Regarding movement behaviours, research has found discrepancies between physical 

activity, sedentary behaviour, screen time, sleep, and sport participation between youth from low 

socioeconomic position and high socioeconomic position51,93–97. A 2015 report from New South 

Wales, which includes information regarding socioeconomic position, stated that many youth did 

not meet physical activity, screen time, and sleep guidelines98. Youth from low socioeconomic 

position neighbourhoods were even less likely to meet physical activity and screen time 

recommendations than their higher socioeconomic peers. 

However, few studies have encompassed all movement behaviours using the time-use 

perspective. Research suggests that youth from different socioeconomic backgrounds tend to be 

physically active and sedentary in different ways, or domains (see Figure 1.1)93,99–102. 

Therefore, when combining physical activity, sedentary behaviour, and sleep in general terms, it 

is unclear whether children from lower socioeconomic backgrounds have less desirable  
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movement behaviour time-use patterns than their higher socioeconomic peers. Understanding 

and addressing inequalities in movement behaviours has the potential to bridge the gaps in 

physical health, psychological health, and education-related outcomes in youth from varying 

socioeconomic backgrounds. 
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Figure 1.1 Movement Behaviour Time-Use Profiles by Socioeconomic Background 
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Factors influencing movement  behaviour  time -use in  low  socioeconomic  position youth 

 
Socio- ecological  model  

 
 

Socioeconomic position influences many aspects of youth’s lives, including their 

movement behaviours. The socio-ecological model integrates components that influence a 

person’s life on environmental, organisational, interpersonal, and individual levels. The socio- 

ecological model approach has been deemed promising in influencing health promotion, 

including socio-emotional health, as it is interdisciplinary and incorporates multiple theories 

found at each level103,104. Figure 1.2 uses the socio-ecological model as a conceptual model to 

show factors that may influence movement behaviour time-use by socioeconomic position. 

Investigating time-use movement behaviours may be useful in seeing how youth from different 

socioeconomic backgrounds spend their time and if the makeup of their day can explain health 

disparities in their socio-emotional health. 

 
Neighbou rhood and home environment  

 
 

Social-disorganisation theory proposes that lower socioeconomic position 

neighbourhoods are exposed to more factors that lead to higher crime and delinquency rates 

than higher socioeconomic neighbourhoods105. Neighbourhoods with higher social- 

disorganisation (characterised by low social dynamic of a neighbourhood, high levels of 

violence, and poverty) have members with poorer physical and mental health106. Youth living in 

neighbourhoods with high social-disorganisation tend to have higher rates of behavioural 

problems (e.g, juvenile delinquency).  

Green spaces (e.g., public parks) can provide opportunities for youth, especially boys, to 

engage in physical activity and reduce screen time107. Accessibility to quality green spaces can 

enhance psychological well-being, improve enjoyment, and increase social connectivity, 

recreational opportunities, and educational opportunities in an area108. Generally, studies have 

found that green spaces are less accessible and of poorer quality (e.g., less equipment and 
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facilities, more safety concerns such as broken glass from bottles) in lower socioeconomic 

neighbourhoods109–111. One study found that green spaces and sport facilities are located within 

shorter distances to homes in lower socioeconomic position communities but parents may 

simply not have the means or funds to allow their children to be part of sports clubs112. Several 

studies have found that green spaces are less utilised in lower socioeconomic neighbourhoods 

due to lower perceived access, the quality of the space, and concerns about neighbourhood 

safety106,113,114. Additionally, neighbourhoods with less green space tend to have more indicators 

of socio-disorganisation (e.g., graffiti, abandoned buildings) which is associated with poorer 

sleep115. When possible, green spaces should be used for active play because time spent in 

green spaces helps children’s and adolescents’ socio-emotional health116. 

Neighbourhood safety can influence youth’s movement behaviours. Parents and youth 

living in disadvantaged neighbourhoods have reported feeling anxious due to decreased road 

safety and higher crime rates117. Increased anxiety can cause parents to limit their child’s time 

spent in outdoor play and independent mobility, or how far they are allowed to travel from 

home117,118. Other factors that restrict independent mobility are parents’ perception of their 

child’s cycling and traffic skills, the infrastructure of urban environments, and being a girl119. 

From a health perspective, outdoor time should be encouraged because it is associated with 

increased physical activity and mental health120,121. Further, physical activity mediates the 

relationship between outdoor play and mental and socio-emotional health121. Regarding sleep, 

decreased perception of neighbourhood safety negatively affects sleep quantity and daytime 

sleepiness115. 

Neighbourhoods’ social cohesion and location also influence youth’s movement 

behaviours. In Canada, youth in rural areas are less likely to participate in high amounts of 

screen-related activities than those living in large urban communities122. Additionally, rural 
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Figure  1.2 Conceptual Model: Factors Influencing Movement Behaviour Time-Use 
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neighbourhoods show a more positive sports culture because there are more youth to play with, 

community support is high, and adequate space is available for youth to be more active123. A 

longitudinal study in 60 US children aged 7-9 found those involved in strong community-based 

music and sports programs were found to have stronger socio-emotional traits than youth that did 

not124. 

Environmental conditions can also influence health and movement behaviours. People 

from socioeconomically disadvantaged areas tend to be exposed to subpar environmental 

conditions such as poor air quality and high ambient noise125. Poor air quality and high ambient 

noise can negatively affect both physical activity and sleep126–128. Housing conditions and 

available resources at home can also influence youth’s behaviour. Studies have found that 

youth from lower socioeconomic position households have less equipment available to be 

physically active with such as bikes, balls, or jump ropes95,129. They also have more electronic 

devices in their bedrooms which promotes sedentary behaviour, principally screen time. For 

sleep, youth from lower socioeconomic position households have reported less desirable sleep 

conditions in the home such as noise, light, and uncomfortable beds130. 

Government policies have the potential to facilitate change in socioeconomically 

disadvantaged neighbourhoods. A 2017 systematic review identified ten government policies 

that aimed to decrease obesity and obesity-related behaviours in socioeconomically 

disadvantaged areas131. Policies that directly targeted socioeconomically disadvantaged 

populations were more successful in narrowing health gaps than population-wide policies131,132. 

The most effective policies for youth from lower socioeconomic backgrounds were school-

based and provided information and education about physical activity. Other studies have 

supported the notion that government policies should not only focus their efforts on 

socioeconomically disadvantaged communities but to also consider their location and cultural 

needs133,134. 
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School setting 
 

Barriers for physical activity are also found at disadvantaged schools. Despite having 

similar policies and certain resources, youth from lower socioeconomic position schools tend to 

be less active than those from higher socioeconomic schools135. Explanations for this physical 

activity disparity could be that schools from lower socioeconomic areas tend to have more 

barriers and fewer enables to physical activity than schools from higher socioeconomic areas80. 

Barriers to physical activity are fewer students knowing the physical activity recommendation, 

lack of areas to be physically active during poor weather conditions, fewer sports facilities, 

fewer physical activity programs, fewer physical education teachers, lower teacher expertise in 

exercise, less access to walking tracks and play areas, and less access to physical activity 

equipment during recess time80,136,137. Lower socioeconomic position schools have fewer 

enablers to promote physical activity compared to higher socioeconomic position schools, 

including encouraging students to lead a physically active lifestyle, communicating the 

promotion and importance of physical activity to the parents, leadership programs promoting 

physical activity, and incentive programs to be physically active80. Offering opportunities to be 

physically active, such as quality physical education programs, not only helps youth’s physical 

health but their socio-emotional health as well138. 

School safety is another issue that comes into play with child physical activity. Children 

from lower socioeconomic position schools have higher rates of injuries due to unsafe play 

equipment139. These injuries could potentially discourage children from being active during their 

recess and lunch times. One study found that after poor playground equipment was replaced, 

the disparity between playground injuries across socioeconomic position was removed139. 

There are disparities in sedentary behaviours in schools as well. For example, music 

education positively correlates with cognitive abilities and academic performance140. However, 

schools in socioeconomically deprived areas have fewer music facilities and resources, lower 
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quality programs, lower budgets, and lower financial and parental support for the students141. 

Even within schools, students from lower socioeconomic positions are less likely to participate in 

music programs than their higher socioeconomic peers142. Explanations for this discrepancy 

include the inability to afford instruments or field trip costs, lack of transportation to concerts and 

events, and exclusive “social groups” where you are expected to already have a specific skill 

level or taste in music140,143. 

Interpersonal  
 
 

Social-cognitive theory states that people learn behaviours from observing others (e.g., 

children learning from watching their parents)144. A systematic review which found that parents' 

physical activity and screen time habits influence their children’s physical activity and screen 

time habits, exemplifying the importance of parents modelling behaviour for their children145. 

The family system approach recognises the importance of parents modelling and being involved 

in their children’s healthy habits and weight loss efforts146. The “Healthy Dads, Healthy Kids” 

program was an intervention that successfully adopted the family system approach. The 

intervention modified fathers’ physical activity and health habits while the dad helped to modify 

their child’s physical activity. The fathers in the program lost more weight, decreased their 

energy intake, decreased their waist circumference, and increased their physical activity more 

than the fathers in the control group. The children in the intervention groups lost more weight 

and increased their physical activity more than children in the control group. The success of this 

intervention suggests that parent involvement and modelling behaviours may play a crucial role 

in the health habits of their children147. 

There are notable differences in parenting styles across socioeconomic position. The 

family stress model states that economic distress in a family leads to emotional distress such as 

anxiety, depression, and familial conflicts148. This economic and emotional distress can lead to 

authoritarian parenting methods which consist of limited decision-making for the child, the 
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parents demanding a lot, and harsher forms of punishment111,149,150. Generally, parents from 

more disadvantaged backgrounds tend to teach their children to be obedient and value 

conformity111,151. These characteristics are often found in jobs associated with lower 

socioeconomic position111. This style of parenting has been shown to be unfavourable in child- 

rearing150. Youth whose parents adopt these parenting styles tend to have an increased 

amount of screen time, are not offered as much support for physical activity and have lower 

sleep duration due to presleep worries and low parental emotional availability130, 152–154. 

Studies have shown that parental influence (i.e., parent modelling physical activity, co- 

participation in sport, belief in the importance of sport, parent support to be physically active) is 

a major determinant in their child’s physical activity155,156. Parents from lower socioeconomic 

positions typically have a different influence on their child’s movement behaviours than parents 

from higher socioeconomic positions. For example, parents from lower socioeconomic positions 

do not participate in physical activity on their own time or with their children as often as those 

from higher socioeconomic positions. Therefore, parents from lower socioeconomic 

backgrounds do not model and co-participate in physical activity as often123. Parents from lower 

socioeconomic positions also tend to watch more television with their children than parents in 

higher socioeconomic households95. However, it has been suggested that parent co-

participation in children’s leisure time activities is positively associated with socio-emotion well-

being157. Regarding beliefs, parents from a lower socioeconomic position tend to not believe in 

the benefits of physical activity as much as those from a higher socioeconomic position123,158. 

Different education levels could explain differing beliefs in physical activity because those with 

lower educational attainment tend to find it more difficult to find and understand information 

related to leading a healthy lifestyle159. Consequently, parents from lower socioeconomic 

households may not encourage their children to be physically active nor discourage sedentary 

behaviour because they may not believe in or recognise its benefit123,158. Interestingly, a 
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systematic review identified promising interventions for physical activity for youth in 

disadvantaged communities160. The most successful interventions were family-based with high 

parent involvement. 

Parents from lower socioeconomic backgrounds tend to work more jobs with 

nonstandard working hours compared to those from higher socioeconomic backgrounds161. 

Jobs with nonstandard working hours tend to have a lower income than standard-hour jobs161. 

Income inequality is an issue with health because those with lower incomes do not always have 

the economic means to live a healthy lifestyle162. If parents work nonstandard hours and have a 

lower income they may not be able to facilitate (e.g., pay club fees and provide transportation to 

practices) sport participation in their children or provide supervision to encourage physical 

activity, discourage sedentary behaviour, or enforce bedtimes. 

Peers also play a role in youth’s movement behaviours. It has been found that physical 

activity is positively associated with peer support for being physically active or participating in 

sport163. Conversely, screen time is associated with poor attachment to peers164. However, a 

2016 report from the World Health Organisation shows that children from lower socioeconomic 

positions spend less time with their friends and feel less peer support than children from higher 

socioeconomic positions165. 

 
Individual  

 
 

Individuals have different goals and participate in various behaviours to attain them. 

Therefore, it is important not only to investigate the effects of a neighbourhood, school, and 

home environment on children's health behaviours, but the youth themselves. Self- 

determination theory states to develop motivation three separate needs must be met: autonomy, 

relatedness, and competence166. Autonomy is the need to be in control of your actions. 

Relatedness is the need to have a sense of belonging. Competence is the need to feel capable, 

or master an activity or skill. If all of these needs are satisfied, motivation should increase. 
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Understanding motivation is important because “motivation is perhaps the critical variable in 

producing maintained change.”166 Several systematic reviews and meta-analyses have found 

that self-determined motivation is positively associated with physical activity, especially when 

there are a variety of options, novel activities, and positive peer relationships are 

encouraged167,168. 

Children are generally not given as much autonomy as adolescents or adults as they are 

younger and need more direction. However, in the education setting children have higher 

reported intrinsic motivation when in a more autonomous learning environment169. High 

autonomy in physical education classes is also linked to increased effort and persistence in 

class170. Although autonomy influences the motivation of an individual, factors from the school 

level (e.g., teacher styles, availability of equipment, etc.) and home (e.g., parenting styles) are 

necessary to make behaviour change possible. Autonomy tends to be different for children from 

different socioeconomic backgrounds. Youth whose parents have higher socioeconomic 

position are typically included in decisions about what they want to do (e.g., which sport they 

would like to try) and are encouraged to offer their opinions111. In lower socioeconomic position, 

youth are generally told to respect authority. If they are unhappy with something they may be 

taught to deal with it, even if it seems unfair. These parents also tend to be less encouraging 

toward their children, including participating in a healthy lifestyle. When they do show support it 

is more in the form of verbal demands which has been shown to be less effective than co-

participation in or modelling an activity171. This could potentially weaken their child’s autonomy 

as parental support is not perceived positively. Therefore, it may be more difficult for children 

from lower socioeconomic position to fulfil the need for autonomy as they may feel obliged to 

always listen and not express their opinions or desires. However, this is different when 

discussing sleep172. Youth from low socioeconomic backgrounds getting less sleep may be 

explained by parents not believing in or understanding the importance of sufficient sleep and 

setting bedtimes for their children. Consequently, many youth are completely autonomous in 



Movement Behaviour Time-Use in Youth  25 
 

setting their own bedtimes. This can result in later bedtimes and less overall sleep. 

 
The relatedness need of self-determination theory may be influenced by socioeconomic 

position as well. Parents from lower socioeconomic position households spend less time co- 

participating in physical activity with their children than parents from higher socioeconomic 

position households156,158. If younger children wish to participate in a healthy time-use, but their 

parents do not want to be physically active they may feel disconnected and unable to relate to 

their parents. Additionally, youth from lower socioeconomic position households have been 

found to have less social skills and more behavioural problems148. Having fewer social skills 

may negatively influence children from lower socioeconomic position status to connect and feel 

a sense of belonging with their peers. Consequently, this population may feel less motivated to 

engage in sports participation or games with a group. 

Competence is the final need in self-determination theory. Youth from lower 

socioeconomic backgrounds have been found to have similar perceived athletic competence as 

their higher socioeconomic backgrounds but still participate in less moderate-vigorous physical 

activity173–175. Although the need for competence was satisfied, it is likely autonomy and 

relatedness were not, highlighting the importance of satisfying all three needs and exploring 

other theories to explain physical activity discrepancies. 

Self-efficacy is a major determinant in physical activity160. A systematic review 

assessing correlates of physical activity in disadvantaged groups found that self-efficacy was 

beneficial, but few interventions have used the theory to increase physical activity. Strategies to 

increase self-efficacy include goal setting, role models, praise, encouragement, and creating a 

positive environment176. 
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Research problems and research questions  

 
Research problem  

 
In summary, movement behaviours (i.e., physical activity, sedentary behaviour, and 

sleep) are co-dependent and affect many of the same physical, psychological, and education- 

related outcomes in youth. Therefore, public health researchers are recommending that 

movement behaviours be studied in combination over a 24-hour period rather than in isolation. 

Consequently, research exploring associations between children’s and adolescent's movement 

behaviour combinations and their physical, psychological, and education-related outcomes has 

increased. Combinations of movement behaviours and health indicators in youth has been 

systematically reviewed but since this review, research in the area has increased ten-fold177. 

Additionally, combinations of movement behaviours with children and adolescents’ 

psychological health and education-related outcomes have been less studied and should be 

systematically reviewed since rates of depression and anxiety in children and adolescents have 

been rising178,179. 

Movement behaviours can be split up by domain, or type, which may have important 

implications for youth from different socioeconomic backgrounds. It is important to consider 

youth’s socioeconomic background because there are concerning disparities between youth’s 

physical, psychological, and education-related outcomes. However, from a 24-hour perspective, 

it is unclear whether youth from different socioeconomic backgrounds actually move differently 

in a day. Further, it is unknown whether youth’s movement behaviours can explain disparities 

between their socioeconomic background and childhood outcomes. 

 
Research questions 

 

In this thesis, I present three studies that aim to address the following questions: 
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1. What are the associations of different combinations of physical activity, sedentary 

behaviour, and sleep in physical health, psychological health, and education-related 

outcomes in children and adolescents? 

2. What are the different general movement trajectory profiles regarding the overall 

quantity of physical activity, sedentary behaviour, and sleep among youth? 

3. What are the domain-specific movement trajectory profiles among youth? 
 

4. Does socioeconomic position predict profile membership in youth’s general movement 

trajectory profiles regarding overall physical activity, sedentary behaviour, and sleep? 

5. Does socioeconomic position predict profile membership in youth’s domain-specific 

movement trajectory profiles? 

6. Does domain-specific movement trajectory profile membership mediate the relationship 

between socioeconomic position and socio-emotional outcomes in youth? 

7. Do general movement behaviours (individual and combinations)  mediate the 

relationship between socioeconomic position and socio-emotional outcomes in 

youth? 

8. Do domain-specific movement behaviours (individual and combinations) mediate the 

relationship between socioeconomic position and socio-emotional outcomes in youth? 
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Chapter  2: Combinations  of  Physical  Activity,  Sedentary Behaviour,  and Sleep and their 
Associations with Physical, Psychological, and Educational Outcomes in Children and 

Adolescents: A Systematic Review  
 
 
Preface 

This study has been accepted for publication (citation below) in the American Journal of 

Epidemiology (Impact Factor = 5.363). I was the first author and did 70% of the work. I have 

followed the PRISMA and AMSTAR 2 guidelines to create a high-quality study and have 

prospectively registered this systematic review on PROSPERO (ID: CRD42020181097). 

To meet thesis submission guidelines, the language of this chapter has been updated 

from American English to British English, the supporting Web Material has been changed to 

appendices, and I have changed the writing to first person. 

 
 
Wilhite, K, Booker, B, Ho-Huei, B, et al. Combinations of physical activity, sedentary behavior, 

and sleep and their associations with physical, psychological, and educational outcomes in 

children and adolescents: a systematic review. Am J Epidemiol. (In press). 
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Abstract  
 

I conducted a systematic review to evaluate combinations of physical activity, sedentary 

behaviour, and sleep duration and their associations with physical, psychological and 

educational outcomes in children and adolescents. MEDLINE, CINAHL, PsychINFO, 

SPORTDiscus, PubMed, EMBASE, and ERIC were searched in June 2020. Included studies 

needed to 1) quantitatively analyse the association of two or more movement behaviours with 

an outcome, 2) analyse a population between 5-17 years old, and 3) include at least an English 

abstract. I included 141 studies. Most studies included the combination of physical activity and 

sedentary behaviour in their analyses. Sleep was studied less frequently. In combination, high 

physical activity and low sedentary behaviour were associated with the best physical health, 

psychological health, and education-related outcomes. Sleep was often in the combination that 

was associated with the most favourable outcomes. Sedentary behaviour had a stronger 

influence in adolescents than children and tended to be associated more negatively with 

outcomes when it was defined as screen time than overall time spent being sedentary. More 

initiatives and guidelines combining all three movement behaviours will benefit adiposity, 

cardiometabolic risk factors, cardiorespiratory fitness, muscular physical fitness, well-being, 

health-related quality of life, mental health, academic performance, and cognitive/executive 

function. 
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Introduction 

 
Child and adolescent movement behaviours (i.e., physical activity, sedentary behaviour, 

sleep) are individually associated with many similar physical (e.g., adiposity)8,12,15,47,180,181, 

psychological (e.g., mental health)11,17,182, and educational (e.g., academic performance)15– 

17,52,53,180,183,184. Spending time in one movement behaviour displaces time spent in others, which 

may explain the overlap in associations with outcomes. However, these overlaps make it difficult 

to disentangle which behaviours are associated with specific outcomes. Therefore, researchers 

have started studying combinations of movement behaviours instead of in isolation. 

A systematic review by Saunders et al. included 14 studies from 2011-2015 and found 

that combinations of a) high physical activity with low sedentary behaviour, b) high physical 

activity with high sleep, and c) high physical activity, low sedentary behaviour and high sleep, 

were associated with the most desirable physical health outcomes177. This review informed 

several international health recommendations27,67,68,185, including the Canadian 24-hour 

Movement Behaviour Guidelines for Children and Youth69. Due to the popularity of these 

recommendations and introduction of new analytical methods, such as compositional data 

analysis186, research on movement behaviours has increased substantially. Therefore, an 

update to the previous review is needed. 

While the associations between combinations of movement behaviours and physical 

health outcomes are known, many psychological and educational outcomes have yet to be 

systematically reviewed. With rising rates of depression and anxiety among children and 

adolescents178,179, psychological and educational outcomes are a growing concern and should 

be synthesised. Reporting associations for combinations of movement behaviours with 

psychological and educational outcomes may inspire a wider range of professionals (e.g., 

teachers, clinical psychologists) to adopt interventions addressing multiple movement 

behaviours. In turn, these professionals may provide valuable input to alter guidelines to suit a 

broader range of outcomes. Therefore, I aimed to update and expand on the Saunders et al. 

review. 
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Methods 
 
Search strategy  and selection  criteria  

 
I prospectively registered this systematic review on PROSPERO (ID: CRD42020181097) 

and reported the findings in line with the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA187. 

To be included, studies needed to quantitatively analyse the association of at least two 

movement behaviours (i.e., physical activity, sedentary behaviour, sleep duration) with any 

outcome (i.e., physical, psychological, or educational) in youth (mean age between 5-17 years 

old). I modified the exclusion criteria from the previous review by not excluding studies based on 

sample size or type of physical activity measurement, whereas Saunders et al. required a 

minimum sample size of 300. I placed no exclusion criteria based on study design, setting, 

publication status, or publication date. I included studies in any language, provided they had an 

abstract in English with quantitative results. 

I searched the following electronic databases in June 2020: MEDLINE, CINAHL, 

PsychINFO, SPORTDiscus, PubMed, EMBASE, and ERIC. I included more databases than the 

previous review, such as ERIC, to capture studies exploring a wider range of outcomes. The 

search strategy can be found in Appendix B.1. I revised the previous search strategy to include 

the combination of any two movement behaviours and to cater the search strategy to more 

databases. 

 
Study selection,  data extraction,  and quality  assessment  

 
I uploaded all relevant articles to Covidence review management software 

(www.covidence.org) and removed duplicates. Two independent reviewers screened titles and 
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abstracts. Two reviewers independently screened full-texts for studies that passed title/abstract 

screening. We resolved conflicts by consensus. One reviewer conducted bi-directional 

screening using the 14 articles from the Saunders et al. review and one additional recent article. 

Bi-directional screening is a method where a reviewer screens all references within an article 

and any articles that cited the article188, providing a more thorough literature search. 

Two independent reviewers completed data extraction and quality assessment. Data 

items included lead author, publication date, sample size, combination of movement behaviours 

evaluated, outcomes measured, methods of measurement, and results. Preliminary searches 

and the Saunders et al. review indicated that mainly observational studies would be included. 

Therefore, I evaluated study quality using an adapted version of the ‘Strengthening the 

Reporting of Observational Studies in Epidemiology’ (STROBE) Checklist189. As per previous 

reviews190,191, I rated studies on nine criteria derived from STROBE items since the absence of 

these items could potentially introduce bias. Studies were considered high quality if they met 

seven or more criteria. 

 
Data synthesis  

 
There was substantial methodological heterogeneity across the studies, preventing a 

meta-analysis. Specifically, movement behaviours were categorised inconsistently. For 

example, some studies dichotomised movement behaviours (e.g., meeting/not meeting 

guidelines), others used sample-specific median splits, and others used compositional data 

analysis. While some studies could have been meta-analysed (e.g., only those with isotemporal 

substitution), most would have been excluded, risking systematically biased results. 

Accordingly, I narratively compared combinations of movement behaviours relative to other 

combinations within the same study. Per Cochrane, comparisons were based on the direction of 

associations, not statistical significance. Exemplar studies were described to provide potential 

associations. 
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Sedentary behaviour was defined differently across studies (e.g., “screen time”, “sitting”). 

In this review, I have generally used the term “sedentary behaviour”. I used “screen time” when I 

synthesised studies that all used “screen time” as their original definition of sedentary 

behaviour. I noted instances when the definition of sedentary behaviour influenced the results. 

Due to the high number of studies that investigated different combinations of meeting the 

Canadian 24-hour Movement Behaviour Guidelines for Children and Youth (Appendix B.2), I 

refer to these recommendations as “movement behaviour guidelines” in the synthesis. I 

synthesised data separately for children (mean age 5-13 years) and adolescents (mean age 14- 

17 years). These age ranges were chosen based on current guidelines that separate sleep 

recommendations for children and adolescents27,69. I also analysed whether objective versus 

subjective measures of physical activity influenced the results. Finally, “sleep” refers to sleep 

duration. 

Table 2.1 provides a concise summary of the results. This table highlights general trends 

in the included studies based on age group, outcome, and if the studies investigated the 

combination physical activity and sedentary behaviour exclusively or if the combinations of all 

three movement behaviours were included. The combination of physical activity and sedentary 

behaviour was addressed in the table as studies evaluating this combination made up a majority 

of the studies in this review. 

 
Results 

 
 
Description of  studies  

 
I imported 44,917 references into Covidence. After removing duplicates, 21,559 studies 

remained for title/abstract screening and 1,182 studies moved forward to full-text screening. Ten 

studies could not be retrieved after searching in academic libraries and requesting inter-library 

loans. Three additional studies were added for full-text screening from the bi-directional 



Movement Behaviour Time-Use in Youth  34 
 

screening process. The total for data extraction included 141 studies (including two conference 

abstracts), all of which had an English version available (see Figure 2.1). A list of excluded 

studies can be found in Appendix B.3. 

Fifty-seven countries were represented across the studies, primarily from the United 

States (k=29), Canada (k=21), and Australia (k=19). Most studies (119/141) were high-quality 

(see Appendix B.4) with a mean score of 7.4/9. The least reported items were, “Describe any 

efforts to address potential sources of bias” and “Describe any methods used to examine 

subgroups and interactions”. Study characteristics can be found in Appendix B.5. 

Total physical activity, at any time of day or location, was primarily reported. Four studies 

reported sub-domains (e.g., sports). When studies were evaluated separately based on being 

measured objectively or subjectively, the trends were the same. This was also true for study 

quality. The dataset generated and analysed during the current study is available in the Open 

Science Framework repository, [https://osf.io/jq8xh]. 
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Figure  2.1 PRISMA Flow Chart; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 
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Physical  health -related outcomes 

 
Adiposity.  

 
Ten longitudinal and 79 cross-sectional studies investigated adiposity. Adiposity was 

measured by BMI, waist circumference, waist-to-height ratio, skinfold measurements, body fat 

percentages, visceral adipose tissue, and the fat mass index. Overall, participants with higher 

physical activity and lower sedentary behaviour had lower adiposity than those with other 

combinations of these two behaviours. Results differed slightly by age group. For children, the 

most optimal combination was generally high physical activity and low sedentary behaviour. For 

adolescents, lower sedentary behaviour was associated with lower adiposity, especially in girls. 

These results were consistent when sedentary behaviour was measured as screen time or by 

total sedentary behaviour. When sleep was analysed, combinations with high sleep were 

associated with lower adiposity. 

Ten longitudinal and 51 cross-sectional studies investigated the relationship between 

physical activity and sedentary behaviour with adiposity. The majority (six longitudinal192–197 and 

32 cross-sectional studies198–229) concluded that high physical activity and low sedentary 

behaviour was associated with the best adiposity outcomes among children and adolescents. 

For example, in one longitudinal study of 9,155 children and adolescents, those with five bouts 

of moderate-vigorous physical activity per week and 4 hours of screen time per week had 25% 

lower odds of obesity 5 years later compared to those with 3 bouts of moderate-vigorous 

physical activity and 25 hours of screen time per week. The remaining results differed by age203– 

206,209–211,219–221,223,224,230–238. Eleven studies used isotemporal substitution (two longitudinal239,240 

and nine cross-sectional206,241–248), all of which found substituting sedentary behaviour with 

moderate-vigorous physical activity was associated with lower adiposity. 

Sixteen cross-sectional studies investigated the combinations of all three movement 

behaviours. All found those with higher sleep had lower adiposity than their peers208,228,249–262. In 
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eleven of these studies, high physical activity, low sedentary behaviour, and high sleep had the 

best association with adiposity208,228,249–255,258,259, with the remaining five studies finding mixed 

results252,256,257,260,261. An additional twelve cross-sectional studies used isotemporal 

substitution239,243,248,263–271 and found that substituting sedentary behaviour with moderate- 

vigorous physical activity was associated with lower adiposity. There were mixed results on 

substituting sedentary behaviour with sleep. 

Cardiom etabolic  risk  factors.  
 

Three longitudinal and 18 cross-sectional studies evaluated cardiometabolic risk factors. 
 
Cardiometabolic risk factors included systolic and diastolic blood pressure, insulin-related 

measures, triglycerides, cholesterol, and C-reactive protein. Overall, active children with high 

sleep had the most desirable cardiometabolic risk factors. For adolescents, the combination of 

high physical activity and low sedentary behaviour was associated with desirable 

cardiometabolic risk factors. 

Two longitudinal and 12 cross-sectional studies evaluated the combination of physical 

activity and sedentary behaviour with cardiometabolic risk factors. All studies agreed that high 

physical activity and low sedentary behaviour was associated with the best outcomes for 

cardiometabolic risk210,224,226,234,236–238,272–278. For example, one longitudinal study (n = 3,717) 

conducted a cluster analysis and found those with higher physical activity and lower sedentary 

behaviour than their peers with lower physical activity but similar sedentary behaviour had 13% 

lower odds of developing diabetes over a 5 year period278. Five separate studies generally 

agreed that substituting sedentary behaviour with moderate-vigorous activity was associated 

with the most desirable cardiometabolic outcomes243,247,248,270,279. One of these studies included 

sleep in their analysis and found mixed results, depending on the specific outcome, of 

substituting sedentary behaviour with sleep243,247,248,270,279. Findings from two studies (one 

longitudinal251 and one cross-sectional280), both in children, concluded that the addition of high 
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sleep in combination with low screen time and/or physical activity yielded the most favourable 

cardiometabolic outcomes. No studies included sleep in adolescents. 

Cardiorespiratory fitness.  
 

One longitudinal and 17 cross-sectional studies investigated cardiorespiratory fitness. 
 
Overall, combinations with high moderate-vigorous physical activity were associated with higher 

cardiorespiratory fitness. Specifically for adolescents, lower sedentary behaviour was 

associated with higher cardiorespiratory fitness. Additionally, sleep was associated with higher 

cardiorespiratory fitness in children. 

One longitudinal study (n = 315) in children found that substituting 30 minutes of 

sedentary behaviour with vigorous-intensity physical activity yielded a positive association with 

�F�D�U�G�L�R�U�H�V�S�L�U�D�W�R�U�\���I�L�W�Q�H�V�V��������� ������������281. Six cross-sectional studies supported the finding of the 

longitudinal study by concluding that substituting sedentary behaviour with moderate-vigorous 

physical activity was positively associated with cardiorespiratory fitness for children and 

adolescents242,244,246,264,270,282 An additional six cross-sectional studies found that children with 

higher physical activity than their peers, regardless of sedentary behaviour, had higher 

cardiorespiratory fitness199,200,283–286. However, in adolescents, three cross-sectional studies 

found that those who were more active and less sedentary than their peers had the highest 

cardiorespiratory fitness209,226,287. Two studies that included all three movement behaviours 

found that children who were more active and slept longer than their peers had higher 

cardiorespiratory fitness251,288. No studies included sleep for adolescents. 

Muscular  fitness.  
 

Three cross-sectional studies investigated children’s muscular fitness and found a 

positive association for those with high physical activity, low sedentary behaviour, and high 

sleep. 

Two cross-sectional studies determined children spending more time in physical activity 

and less time in sedentary behaviour was associated with better muscular fitness 
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outcomes232,241. For example, a study in 2,506 children found those with >=60 minutes of 

moderate-vigorous physical activity/day and low sedentary behaviour (characterised by a 

median split), were 2.5 times more likely to fall in the “healthy zone” for flexibility compared to 

those with <60 minutes of moderate-vigorous physical activity/day and high sedentary 

behaviour232. The final study (n = 243) evaluated children meeting different combinations of 

movement behaviour guidelines. Generally, children meeting physical activity and sleep 

recommendations had higher muscular strength, muscular endurance, and flexibility compared 

to children meeting any other combination288. 

 
Psychological  outcomes 

 
Well -being and socio- emotional  outcomes.  

 
Two longitudinal studies and ten cross-sectional studies investigated well-being and 

socio-emotional outcomes. The combination of high physical activity, low sedentary behaviour, 

and high sleep had the most favourable outcomes with life satisfaction, happiness, stress, 

positive affect, negative affect, angriness, confusion, prosocial behaviour, emotional health, 

peer problems, and hyperactivity. 

Both longitudinal studies64,289 and six cross-sectional studies290–295 found that children 

and adolescents who were more active and less sedentary than their peers had better socio- 

emotional outcomes. For example, a longitudinal study over six years in 3,979 children found 

those who maintained low levels of physical activity and screen time or maintained physical 

activity levels but increased screen time had more socio-emotional problems than those who 

increased their physical activity and maintained low levels of screen time ���� = .46 - .74)64. Four 

studies included sleep in their analysis. All found positive associations for the combination of 

high physical activity, low sedentary behaviour, and high sleep with well-being194,251,262,270. 

Health- related quality of  life.  
 

Three longitudinal studies and six cross-sectional studies investigated health-related 

quality of life. The combination of high physical activity and low sedentary behaviour (particularly 
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screen time) was associated with the best outcomes. The addition of sleep appeared to improve 

outcomes. 

All studies investigating physical activity and sedentary behaviour (three 

longitudinal64,289,296 and five cross-sectional246,297–300) concluded that high physical activity and 

low sedentary behaviour had the most positive association with health-related quality of life. The 

longitudinal study with the largest sample size (n = 3,979) found children who maintained low 

levels of physical activity and screen time or maintained physical activity levels but increased 

screen time over six years had lower health-related quality of life than those who increased their 

�S�K�\�V�L�F�D�O���D�F�W�L�Y�L�W�\���D�Q�G���P�D�L�Q�W�D�L�Q�H�G���O�R�Z���O�H�Y�H�O�V���R�I���V�F�U�H�H�Q���W�L�P�H��������� ��-2.29 - -1.4)64. Only one study 

included sleep in their analysis and found that those meeting all movement behaviour guidelines 

had the best health-related quality of life301. 

Mental  Health.  
 

Twelve cross-sectional studies examined depression and anxiety. Appropriate amounts 

of all three movement behaviours were associated with better mental health, but sleep 

appeared to have the most consistent positive associations. 

Seven studies found that participants who were more active and less sedentary than 

their peers had better mental health292,302–307. All five studies that included sleep in their analysis 

suggested high sleep may have a protective association on mental health since combinations 

that included high sleep usually had the most desirable outcomes303,308–311. For example, a study 

in 20,078 adolescents found that those who met all movement behaviour recommendations had 

the lowest odds of having anxiety or depression308. However, combinations not including sleep 

were associated with the highest odds of having anxiety or depression (OR = 3.92 - 37.14). 

Education- related  outcomes 

 
Academic performance.  

 
One longitudinal and eight cross-sectional studies investigated academic performance. 

 
High physical activity with low screen time or high physical activity with high total sedentary 
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behaviour was associated with the best academic performance for children and adolescents. 

Sufficient sleep seemed to be beneficial for academic performance. 

Studies that measured sedentary behaviour as screen time (one longitudinal312 and two 

cross-sectional313,314) found that those who were more active with less screen time than their 

peers had the best academic performance. The longitudinal study (n = 261) found children who 

participated in >=60 minutes of moderate-vigorous physical activity/day and <=2 hours of screen 

time/day were 2.75 times more likely to have better grades than children with <60 minutes of 

moderate-vigorous physical activity/day and >2 hours of screen time/day. However, children 

who engaged in more non-screen-based sedentary behaviour (e.g., reading) had higher overall 

academic performance than their peers who spent less time in non-screen-based sedentary 

behaviour, regardless of physical activity229,314–318. One study (n = 285) found children with high 

physical activity and high total sedentary behaviour had the best-standardised test scores (504 

vs. 471-502). One study investigated combinations of all three movement behaviours on 

academic performance and found meeting all movement behaviour guidelines was the most 

beneficial319. Furthermore, all combinations that included meeting the sleep recommendation 

were associated with higher academic performances than only meeting the combination of 

physical activity and screen time recommendations. 

Cognitive/executive  function.  
 

Three cross-sectional studies examined associations with combinations of movement 

behaviours with cognitive and executive functioning in children. The combination of low screen 

time and long sleep duration was most beneficial. 

One study found children who were more active with less screen time than their peers 

had the highest executive functioning320. Two additional studies included sleep in their analysis. 

Both studies found that children meeting the screen time and sleep guidelines had the most 

desirable associations with cognition and impulsivity compared to all other combinations321,322. 

�)�R�U���H�[�D�P�S�O�H�����W�K�H���D�V�V�R�F�L�D�W�L�R�Q���R�I���O�R�Z���V�F�U�H�H�Q���W�L�P�H���D�Q�G���K�L�J�K���V�O�H�H�S���R�Q���F�R�J�Q�L�W�L�R�Q���Z�D�V���E�H�W�Z�H�H�Q�������  

3.21 - 5.37323. 
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Additional  outcomes  

 
The remaining studies investigated non-alcoholic fatty liver disease, insomnia, and gross 

motor skills in children. They also studied Vitamin D concentration, bone mineral content, 

hormone levels, and DNA methylation in adolescents with different combinations of physical 

activity, sedentary behaviour, and sleep275,292,324–328. There were only one or two studies 

reported for each of the outcomes above. Generally, researchers have found that children and 

adolescents who are more active and less sedentary than their peers have the most favourable 

outcomes. 

Although most studies found those who were the most active, least sedentary, and slept 

the longest had the most optimal outcomes overall, I have found a few considerations based on 

outcome and age group. See Table 2.1 for a summary of findings. 

 
Discussion  

 
This systematic review aimed to improve our understanding of different combinations of 

physical activity, sedentary behaviour, and sleep duration with physical, psychological, and 

educational outcomes in children and adolescents. Overall, I found that those who were more 

active, less sedentary, and slept longer than their peers appeared to have the most favourable 

outcomes. Additionally, this review highlights the importance of sleep, both in practice and in 

future research. On several occasions, when only physical activity and sedentary behaviour 

were considered in studies, I found that high physical activity and low sedentary behaviour was 

the “best” combination. However, studies that included sleep found that combinations including 

high sleep were usually the superior option. For example, all combinations that included high 

sleep duration were associated with desirable mental health outcomes. Yet, out of 141 eligible 
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Table 2.1 Summary of Combinations of Movement Behaviours by Age Group and Outcome 
 

 Physical  activi ty and sedentary behaviour  Physical  activity,  sedentary  behaviour,  and 
sleep  

Outcome  Children Adolescents Children Adolescents 

Adiposity  High physical activity 
and low sedentary 
behaviour most 
beneficial 

High physical activity 
and low sedentary 
behaviour most 
beneficial 

High physical activity, low sedentary behaviour, 
and high sleep most beneficial 

Evidence suggests that 
sedentary behaviour is 
more important during 
adolescence than 
childhood 

Cardiometabolic risk 
factors 

High physical activity and low sedentary 
behaviour most beneficial 

High physical activity 
and high sleep most 
beneficial 

No studies included 
sleep 

Cardiorespiratory fitness High physical activity 
important, regardless 
of sedentary behaviour 

High physical activity 
and low sedentary 
behaviour most 
beneficial 

High physical activity 
and high sleep most 
beneficial 

No studies included 
sleep 

Muscular  physical 
fitness 

High physical activity 
and low sedentary 
most beneficial 

No studies included 
adolescents 

High physical activity 
and high sleep most 
beneficial 

No studies included 
adolescents 
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Well -being and socio - 
emotional outcomes  

High physical activity and low sedentary 
behaviour most beneficial 

High physical activity, low sedentary behaviour, 
and high sleep most beneficial 

Health- related quality  of 
life  

High physical activity and low sedentary 
behaviour most beneficial 

High physical activity, 
low sedentary 
behaviour, and high 
sleep was most 
beneficial 

No studies included 
sleep 

Regarding sedentary behaviour, screen time 
should particularly be addressed 

Mental  ill -health High physical activity and low sedentary 
behaviour most beneficial 

High physical activity, low sedentary behaviour, 
and high sleep was most beneficial 

Academic  performance  High physical activity and high sedentary 
behaviour associated with positive academic 
performance 

High physical activity, low sedentary behaviour, 
and high sleep was most beneficial 

High physical activity and low screen time 
associated with positive academic performance 

Cognitive  and executive 
function 

High physical activity 
and low screen time 
most beneficial 

No studies included 
adolescents 

Low screen time and 
high sleep most 
beneficial 

No studies included 
sleep 
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studies, only 41 included sleep in their analysis. Fewer sleep studies were available for 

adolescents than children. Possible explanations could be that researchers may study sleep 

more in children since the onset of some disorders (e.g., ADHD) start at a younger age329 or 

adolescent data was not available in the analysed datasets241,288,301,321,322. 

Compromising on any movement behaviour had consequences. Lower physical activity 

appeared to be associated with the most negative changes for physical health. Too much 

sedentary behaviour, particularly screen time, was typically associated with poorer 

psychological health. Shorter sleep duration negatively affected all types of outcomes. For this 

reason, we cannot target one movement behaviour without acknowledging the importance of 

the others. Including sleep into more longitudinal and intervention research could help make 

stronger inferences about the associations of different combinations of movement behaviours. 

Limiting sedentary behaviour appears especially important in adolescents. Low 

sedentary behaviour in combination with high physical activity and/or sleep seemed crucial to 

achieve the most favourable adolescent physical health outcomes (e.g., adiposity). However, for 

children, studies found that low sedentary behaviour did not appear important as long as 

physical activity and sleep were high. This may be explained by a potential association with total 

sitting time and poor dietary habits in adolescents330. Additionally, the definition of sedentary 

behaviour was important. For example, when sedentary behaviour was defined as non-screen- 

based, its association with academic performance was positive. This suggests not all sedentary 

behaviour is “bad”. Further, not all domains, or types, of physical activity may yield the same 

results. The most ideal combination for cognitive/executive functioning did not include high 

physical activity. Research shows physical activity may be beneficial for cognitive 

development331, but these associations may only be positive when accumulated through 

sports23. Therefore, future studies should consider exploring domain-specific movement 

behaviours and replicate findings on the less well-explored outcomes (e.g., executive function). 
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I synthesised data from 141 studies on 16 outcomes from 57 countries, making the 

review more reliable and generalisable than previous syntheses. However, limitations in the 

review should be considered when interpreting the data. First, I decided not to conduct a meta- 

analysis due to high heterogeneity in how studies categorised, analysed, and reported 

movement behaviours. For example, of the three studies on muscular fitness, one used 

isotemporal substitution, one considered whether or not children met all guidelines 

simultaneously, and one used sample-specific sedentary behaviour median splits. As a result, I 

could not quantify the size of the pooled associations for each combination of movement 

behaviours on each outcome. More consistent reporting of associations across studies would 

facilitate meta-analyses. Alternatively, the wider availability of primary data would facilitate 

secondary analyses such as individual participant meta-analyses332. 

Finally, the included studies made some common methodological decisions that 

impaired my ability to make firm conclusions. Many studies dichotomised movement behaviours 

using the current recommendations. This means children who participated in 3 min/day of 

moderate-vigorous physical activity were analysed the same as children who participated in 59 

min/day of moderate-vigorous physical activity, as both fail to meet the 60 min/day 

recommendation. Thus, the likely dose-response relationship of physical activity (and, 

potentially other behaviours) could not be considered8,181,333,334. Studies should explore 

isotemporal substitution or compositional data analysis because these methods analyse the 

trade-offs in movement behaviours while accounting for dose-response associations. Further, 

the physical activity recommendation states that, “muscle and bone strengthening activities 

should each be incorporated at least 3 days per week”, but this was not included in any of the 

studies’ definition of meeting physical activity recommendations. Future research should 

account for this component of the guidelines because resistance training has been shown to 

improve physical and mental health335,336. 
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Conclusion  
 

The evidence suggests that physical activity, sedentary behaviour, and sleep should be 

investigated in combination, not in isolation. Due to the consistent positive associations of sleep 

on a range of outcomes, I encourage researchers to consider sleep in their studies of movement 

behaviours. Guidelines, interventions and public health campaigns should look beyond 

promoting single movement behaviours and move toward targeting all three. The needs of 

children and adolescents could better be considered. Finally, children, adolescents, parents, 

and schools should be informed that physical activity, sedentary behaviour, and sleep affect 

more than just children’s physical health, but also their psychological health and educational 

development. 
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Chapter  3: Impact  of  Socioeconomic Position on Youth’s  Movement  Trajectories 

 
Preface 

 
This chapter has been submitted to and is under review at the International Journal of 

Behavioral Nutrition and Physical Activity (Impact Factor = 8.915). In the interest of following 

high-quality and open science principles, I prospectively registered this study (protocol available 

at https://osf.io/j6uvz) and made all analysis code public (https://github.com/katrina- 

wilhite/Study_2). For this study, I am the first author and did 72% of the work. 

To meet thesis submission guidelines, the language of this chapter has been updated 

from American English to British English and the supporting Web Material has been changed to 

appendices. 

My systematic review identified four major considerations for future research: more 

longitudinal studies that explore movement behaviours are necessary, methods should look at 

combinations of movement behaviours from a 24-hour perspective rather than dichotomising or 

categorising movement behaviours, that the definition of specific movement behaviours 

probably matters (e.g., sedentary behaviour vs. recreational screen time), and sleep should be 

considered in analyses. To address these gaps, in this chapter, I present a longitudinal study 

using continuous data exploring general and domain-specific movement trajectory profiles in 

youth from different socioeconomic positions. 
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Abstract  
 

Combinations of movement behaviours (i.e., physical activity, sedentary behaviour, 

sleep) are associated with health and developmental outcomes in children. Youth vary in how 

they accumulate these behaviours, both in volume and in specific domains (e.g., sedentary time 

spent on recreational screen activities vs homework). This study aimed to examine how youth’s 

movement trajectory profiles differ by socioeconomic position. I conducted a longitudinal, group-

based multi-trajectory analysis to identify general and domain-specific movement trajectory 

profiles for 2457 children (mean baseline age: 10 years) from the Longitudinal Study of 

Australian Children from 2014-2018. I used multinomial logistic regression to test if 

socioeconomic position could predict profile membership. I identified three general movement 

behaviour profiles for males, five general movement behaviour profiles for females, four domain-

specific profiles for males, and five for females. Socioeconomic position predicted general 

movement behaviour profile membership for females but not males, and predicted domain-

specific profiles for both sexes. Youth from lower socioeconomic positions were less likely to 

spend time in education-based sedentary behaviour and more likely to spend time in 

recreational screen activities than their higher socioeconomic position peers. Females from 

lower socioeconomic positions are less active and more sedentary than females from higher 

socioeconomic positions but males show similar patterns of physical activity, sedentary time, 

and sleep. The domains in which youth accumulate movement behaviours differ. The results 

indicate that observational research should consider the domain when measuring movement 

behaviours and that movement behaviour interventions should target specific domains for lower 

socioeconomic groups. 
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Int roduction 

 
The effects of movement behaviours (i.e., physical activity, sedentary behaviour, and 

sleep) on youth have been well researched262,317,337. Recently, several countries and the World 

Health Organisation have updated their health recommendations to combine all these 

movement behaviours in a 24-hour time frame, instead of in isolation68,338. Time spent in one 

movement behaviour displaces time spent in others62. Consequently, there is likely an 

association between 24-hour movement behaviour profiles and how they influence youth's 

physical, psychological, and educational outcomes2,62,64. Isotemporal substitution and 

compositional data analysis are methods used to better understand the interactions of 

movement behaviours with outcomes186,339. These methods address the limitation of 

“combining” individually measured movements to create a “day” that may add up to be greater 

than or less than 24 hours. However, isotemporal substitution and compositional data analysis 

only provide estimations and many of the studies are cross-sectional268,340. Therefore, other 

methods using longitudinal data are needed. 

Domain-specific, or type, of movement behaviours, should be considered because how 

movement behaviours are accumulated may influence their associations with outcomes in 

important ways. For example, a meta-analysis found that, when compared with household 

physical activity, leisure-time physical activity and active transportation were more positively 

associated with mental health21. Sedentary time spent reading benefits cognitive development43, 

but high volumes of sedentary screen time may be associated with increased depressive 

symptoms, higher adiposity, and lower quality of life36,341. Studies show that insufficient 

nighttime sleep duration leads to increased odds of obesity, metabolic dysfunction, and can be 

detrimental to youth's academic success, motivation, and attention47,53,177,342. However, some 

studies suggest that daytime naps, independent of nighttime sleep, benefit children’s and 

adolescents’ neurocognitive function, psychological wellness, behaviour problems, and 

academic achievement56,57. Therefore, it is important to include domain-specific sleep (i.e., naps 
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vs nighttime sleep) in sleep analyses and further explore its effects on children and adolescents. 

Ultimately, the direction and magnitude of an association with an outcome may differ depending 

on the explored domain-specific movement behaviour. 

When physical activity is studied in isolation, research shows that youth from families of 

lower socioeconomic position are less physically active than those from higher socioeconomic 

position families80. Studies show contradictory evidence on whether youth from higher or lower 

socioeconomic position families spend more time in sedentary behaviour101,343. Youth from 

lower socioeconomic position families have reported poorer sleep344. However, these 

conclusions were based mainly on cross-sectional studies, and none of them examined 

combinations of movement behaviours. Whether youth from different socioeconomic 

backgrounds spend their time differently when investigating movement behaviour profiles is, 

therefore, unknown345. 

Also unknown is the role of socioeconomic position in predicting how youth accumulate 

their domain-specific movement behaviours. When measuring movement behaviours in 

isolation, youth from higher socioeconomic position families participate in more sports93 while 

those from lower socioeconomic position families participate in more unstructured physical 

activity and active transportation99,100. Lower socioeconomic position youth engage in more 

screen time compared to those from higher socioeconomic positions101,102, while those from 

higher socioeconomic families spend more time reading and playing music than lower 

socioeconomic position youth36,346. Youth from lower socioeconomic classes have longer nap 

durations than those from higher socioeconomic class families347. 

It is unclear whether youth from different socioeconomic position families differ in how they 

spend their 24-hour day regarding movement or how their movement changes over time. 

Properly understanding the differences in how youth from different socioeconomic positions 

spend their day may inform future guidelines and interventions to help those who would benefit 

most. Therefore, this study aims to answer four questions: 
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1. What are the different general movement trajectory profiles regarding the overall 

quantity of physical activity, sedentary behaviour, and sleep among youth? 

2. What are the domain-specific movement trajectory profiles among youth? 

3. Does socioeconomic position predict profile membership in youth’s general 

movement trajectory profiles regarding overall physical activity, sedentary 

behaviour, and sleep? 

4. Does socioeconomic position predict profile membership in youth’s domain- 

specific movement trajectory profiles? 

 
Methods 

 
 
Dataset  

 

I analysed data from The Longitudinal Study of Australian Children (LSAC)348. Data has 

been collected on two nationally representative cohorts of children every two years since 2004. 

On average, data was collected at the same time of year349. I used data from the three most 

recent waves (Waves 6-8, 2014-2018) of the younger cohort when the participants were aged 

10-11, 12-13, and 14-15 years. Data from earlier waves were not included due to a change in 

data collection procedures in the time-use diaries (e.g., parents used to make the entries, 15-

minute increments were used)350. 

 
Movement  behaviour  time -use 

 
 

Each participant completed a time-use diary including the start time of each 

activity (increments were no longer used), who accompanied them, where they were, and 

any concurrent activities they were performing350. I calculated the time each participant 

spent in a given activity by subtracting the start time of an activity from the start time of 

the following activity. For the day's final activity, I subtracted the last activity’s start time 

from the participants’ “sleep time”. Participants filled out their time-use diary on the same 
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day of the week at each timepoint349. 

I assigned the pre-coded time-use diary activities general and domain-specific 

movement behaviours (see Table 3.1). A list of coded activities can be found in Appendix C.1. 

For moderate-vigorous activity, LSAC had already coded certain activities (e.g., ball sports, 

dancing) as structured (e.g., with a trainer) or unstructured (e.g., casually). Domain-specific 

categories were based on categories defined by previous studies19–21. In cases where 

concurrent activities were recorded, typically the main activity was coded. In instances where it 

was likely that a concurrent activity took precedence regarding movement, the concurrent 

activity was coded. For example, if the main activity “babysitting'' was paired with “watching 

television”, the activity would be assigned to the domain-specific movement behaviour of 

“recreational screen activity” since the participant was sedentary. Time spent at school was 

coded as “education-based sedentary behaviour” for the entire length as participants were not 

instructed to record specific periods during school time that may have been physical active (e.g., 

physical education classes). 

To be included in the study, participants had to have (a) a valid time-use diary at Wave 6 

(i.e., no typos, missing information, or misordered events), (b) recorded their sleep and wake 

times, and (c) included their socioeconomic position data. Outliers were excluded if the time-use 

diary entries appeared to be for an atypical day (e.g., passive transportation >= 8 hours, self- 

care >= 4 hours). Decision rules for outliers can be found in Appendix C.2. A sensitivity 

analysis was run to include outliers. I handled missing follow-up data through multiple 

imputation with the mice package, version 3.14.0, in R351. I used five imputed datasets. 

I analysed male and female participants separately due to previously reported 

differences in their daily activities352. Only weekday data was analysed due to the limited data 

available for weekend participants. 
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Table 3.1 Movement Behaviour Categories 
 

General  movement  behaviours Domain- specific movement  behaviours 

 
 
 
Light physical activity 

Active transportation 

Leisure-time 

Work/Household 

 
 
Moderate-vigorous physical activity 

Structured 

Unstructured 

 
 
Sleep 

Nighttime sleep 

Daytime naps 

 
 
 
 
 
 

Sedentary behaviour 

Education-based 

Leisure-time (non-screen based) 

Passive transportation 

Recreational screen activities 

Self-care 

Social-based 
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Socioeconomic  position 

 
I measured socioeconomic position through LSAC’s socioeconomic position variable. The 

socioeconomic position variable is a normalised variable that was developed by LSAC to rank 

each family relative to other families in the study353. Each family was given a score by combining 

both parents’ income, education completed by each parent, the occupational status of each 

parent, and whether the participant’s family was a single or two-parent home and then ranked. 

This ranking was then standardised.  

Data analysis  
 

I used the data from Waves 6-8 to perform group-based multi-trajectory analysis with the 

gbmt package in R to find movement behaviour trajectory profiles between the ages of 10-14 

years354. The test was run separately for general movement behaviours and for domain-specific 

movement behaviours. To determine the most appropriate number of groups to use for each 

analysis, I used the fit-criteria assessment plot tool to compare the Bayesian information 

criterion (BIC), average posterior probability, and odds of correct classification355. The model 

with the lowest BIC, average posterior probability (minimum .70), and odds of correct 

classification (minimum 5.0) was chosen. If two models had similar results, I plotted both to 

visually determine if extra groups provided novel information. 

I used the nnet package, version 7.3.16, in R356 to run a multinomial logistic regression 

test to evaluate if the socioeconomic position variable predicted profile membership. I chose a 

reference group with the highest health benefits potential in each analysis. Thus, I selected the 

group with the trajectory that was most similar to the following pattern: participants increased 

their moderate-vigorous physical activity, light physical activity, and sleep, but decreased their 

sedentary behaviour, provided the quantity of these behaviours was likely to be associated with 

the most desirable outcomes69. 

 
Results 
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Subject  characteristics  

 
In Wave 6, 3764 B-Cohort participants completed data collection. Of these, 3460 

completed time-use diaries. I excluded 145 time-use diaries due to incorrect times being 

recorded in the diary, 26 due to missing socioeconomic position data, and six due to missing 

sleep data. I removed 140 participants as outliers. This resulted in 3143 participants, 2457 

providing weekday data. Of these participants, 1251 were male and 1206 were female. Subject 

descriptive characteristics can be found in Table 3.2. Included participants did not differ from 

excluded participants in remoteness (determined by the Australian Standard Geographic 

Classification357), sex, or Indigenous background. 

 
General  movement  trajector y profiles  

 
For general movement behaviours, the fit-criteria assessment plots (see Appendix C.3) 

indicated that the three-group model was most appropriate for males (BIC = 16938, average 

posterior probability = .93, odds of correct classification = 80.69) and that the 5-group model 

was most appropriate for females (BIC = 13067, average posterior probability = .87, odds of 

correct classification = 376.23). Figures 3.1 and 3.2 show the general movement trajectory 

profiles. Male and females had “Highly actives”, “Inactive-sitters”, and “Decreasing activity” 

profiles. Females also had “High sleepers” and “Lightly actives” profiles. All groups decreased 

their sleep and increased their sedentary behaviour. The “Highly actives” were characterised by 

fairly stable light physical activity and increasing or stable moderate-vigorous physical activity. 

Male “Highly actives” had relatively low sedentary behaviour compared to other profiles. 



Movement Behaviour Time-Use in Youth  56 
 

 
Table 3.2 Descriptive Statistics    

 Male 
(N=1251) 

Female 
(N=1206) 

Overall 
(N=2457) 

Subject  Details    

 
Age 

 
10 (± 0.49) 

 
10 (± 0.49) 

 
10 (± 0.49) 

 
Indigenous 

   

 
Not Aboriginal 

 
1216 (97 %) 

 
1173 (97 %) 

 
2389 (97 %) 

 
Aboriginal 

 
29 (2 %) 

 
29 (2 %) 

 
58 (2 %) 

 
Torres Strait Islander 

 
4 (0 %) 

 
2 (0 %) 

 
6 (0 %) 

 
Both 

 
2 (0 %) 

 
2 (0 %) 

 
4 (0 %) 

 
Remoteness 

   

 
Highly Accessible 

 
642 (51 %) 

 
606 (50 %) 

 
1248 (51 %) 

 
Accessible 

 
349 (28 %) 

 
357 (30 %) 

 
706 (29 %) 

 
Moderately Accessible 

 
217 (17 %) 

 
199 (17 %) 

 
416 (17 %) 

 
Remote 

 
25 (2 %) 

 
19 (2 %) 

 
44 (2 %) 

 
Very Remote 

 
12 (1 %) 

 
17 (1 %) 

 
29 (1 %) 

 
Not determined 

 
6 (0 %) 

 
8 (1 %) 

 
14 (1 %) 

 
Socioeconomic Position 

 
0.034 (± 0.99) 

 
0.022 (± 1.0) 

 
0.028 (± 1.0) 

 
Domain -Specific  Movement  Behaviours  
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Active Transport (10) 11 (± 29) 11 (± 25) 11 (± 27) 

 
Active Transport (12) 

 
13 (± 29) 

 
13 (± 25) 

 
13 (± 27) 

 
Active Transport (14) 

 
17 (± 33) 

 
15 (± 30) 

 
16 (± 31) 

 
Daytime Naps (10) 

 
2.7 (± 20) 

 
3.7 (± 20) 

 
3.2 (± 20) 

 
Daytime Naps (12) 

 
6.0 (± 27) 

 
7.0 (± 34) 

 
6.5 (± 30) 

 
Daytime Naps (14) 

 
9.8 (± 45) 

 
9.1 (± 41) 

 
9.4 (± 43) 

 
Education Based Sedentary Behaviour (10) 

 
210 (± 160) 

 
220 (± 160) 

 
220 (± 160) 

 
Education Based Sedentary Behaviour (12) 

 
210 (± 170) 

 
210 (± 180) 

 
210 (± 180) 

 
Education Based Sedentary Behaviour (14) 

 
200 (± 180) 

 
220 (± 190) 

 
210 (± 180) 

 
Leisure Time Sedentary Behaviour (10) 

 
140 (± 100) 

 
150 (± 100) 

 
150 (± 100) 

 
Leisure Time Sedentary Behaviour (12) 

 
130 (± 110) 

 
140 (± 110) 

 
140 (± 110) 

 
Leisure Time Sedentary Behaviour (14) 

 
99 (± 100) 

 
110 (± 110) 

 
100 (± 100) 

 
Nighttime Sleep (10) 

 
580 (± 63) 

 
590 (± 64) 

 
590 (± 64) 

 
Nighttime Sleep (12) 

 
570 (± 78) 

 
570 (± 82) 

 
570 (± 80) 

 
Nighttime Sleep (14) 

 
550 (± 95) 

 
550 (± 86) 

 
550 (± 91) 

 
Passive Transport (10) 

 
54 (± 52) 

 
58 (± 51) 

 
56 (± 52) 

 
Passive Transport (12) 

 
60 (± 54) 

 
64 (± 56) 

 
62 (± 55) 

 
Passive Transport (14) 

 
59 (± 57) 

 
66 (± 62) 

 
62 (± 60) 
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Recreational Screen Time (10) 190 (± 160) 140 (± 130) 170 (± 150) 

 
Recreational Screen Time (12) 

 
210 (± 170) 

 
160 (± 140) 

 
190 (± 160) 

 
Recreational Screen Time (14) 

 
260 (± 180) 

 
210 (± 170) 

 
240 (± 180) 

 
Self-Care Sedentary Behaviour (10) 

 
13 (± 16) 

 
15 (± 18) 

 
14 (± 17) 

 
Self-Care Sedentary Behaviour (12) 

 
1.6 (± 9.0) 

 
1.7 (± 8.8) 

 
1.7 (± 8.9) 

 
Self-Care Sedentary Behaviour (14) 

 
0.82 (± 5.6) 

 
1.7 (± 9.5) 

 
1.2 (± 7.7) 

 
Social-Based Sedentary Behaviour (10) 

 
44 (± 72) 

 
55 (± 77) 

 
50 (± 75) 

 
Social-Based Sedentary Behaviour (12) 

 
56 (± 84) 

 
84 (± 100) 

 
70 (± 94) 

 
Social-Based Sedentary Behaviour (14) 

 
79 (± 93) 

 
97 (± 100) 

 
88 (± 98) 

 
Structured Moderate-Vigorous Physical Activity (10) 

 
28 (± 51) 

 
27 (± 53) 

 
27 (± 52) 

 
Structured Moderate-Vigorous Physical Activity (12) 

 
28 (± 54) 

 
30 (± 60) 

 
29 (± 57) 

 
Structured Moderate-Vigorous Physical Activity (14) 

 
34 (± 60) 

 
29 (± 58) 

 
32 (± 59) 

 
Unstructured Light Physical Activity (10) 

 
59 (± 74) 

 
64 (± 81) 

 
61 (± 77) 

 
Unstructured Light Physical Activity (12) 

 
44 (± 73) 

 
48 (± 74) 

 
46 (± 73) 

 
Unstructured Light Physical Activity (14) 

 
29 (± 58) 

 
35 (± 67) 

 
32 (± 62) 

 
Unstructured Moderate-Vigorous Physical Activity (10) 

 
34 (± 55) 

 
17 (± 36) 

 
25 (± 48) 

 
Unstructured Moderate-Vigorous Physical Activity (12) 

 
27 (± 53) 

 
14 (± 37) 

 
20 (± 46) 

 
Unstructured Moderate-Vigorous Physical Activity (14) 

 
27 (± 54) 

 
12 (± 38) 

 
20 (± 48) 
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Work and Household Light Physical Activity (10) 55 (± 54) 69 (± 57) 62 (± 56) 

 
Work and Household Light Physical Activity (12) 

 
73 (± 68) 

 
91 (± 68) 

 
82 (± 69) 

 
Work and Household Light Physical Activity (14) 

 
75 (± 71) 

 
89 (± 71) 

 
82 (± 71) 

 
General  Movement  Behaviours 

   

 
Light Physical Activity (10) 

 
120 (± 95) 

 
140 (± 99) 

 
130 (± 97) 

 
Light Physical Activity (12) 

 
130 (± 100) 

 
150 (± 100) 

 
140 (± 100) 

 
Light Physical Activity (14) 

 
120 (± 96) 

 
140 (± 100) 

 
130 (± 100) 

 
Moderate-Vigorous Physical Activity (10) 

 
62 (± 74) 

 
44 (± 64) 

 
53 (± 70) 

 
Moderate-Vigorous Physical Activity (12) 

 
55 (± 74) 

 
44 (± 69) 

 
49 (± 72) 

 
Moderate-Vigorous Physical Activity (14) 

 
61 (± 79) 

 
41 (± 68) 

 
51 (± 74) 

 
Sedentary Behaviour (10) 

 
660 (± 120) 

 
650 (± 120) 

 
650 (± 120) 

 
Sedentary Behaviour (12) 

 
670 (± 150) 

 
660 (± 140) 

 
660 (± 140) 

 
Sedentary Behaviour (14) 

 
690 (± 150) 

 
700 (± 150) 

 
690 (± 150) 

 
Sleep (10) 

 
590 (± 63) 

 
590 (± 64) 

 
590 (± 63) 

 
Sleep (12) 

 
580 (± 81) 

 
580 (± 88) 

 
580 (± 84) 

 
Sleep (14) 

 
560 (± 99) 

 
560 (± 89) 

 
560 (± 95) 

Values represent mean (SD) or count (%); Age is measured in years; Socioeconomic Position is a composite score of 
income, educational attainment, and occupational status. The variable is standardized so, the mean is 0 and standard 
deviation is 1.; Movement Behaviours are measured in minutes; (10) = at age 10; (12) = at age 12; (14) = at age 14 
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The “Inactive-sitters” had fairly low light physical activity, decreased moderate-vigorous 

physical activity, and had high sedentary behaviour. The “Decreasing activity” profile had the 

lowest time spent in light physical activity and started with comparable moderate-vigorous 

physical activity as the “Highly actives” but decreased this movement behaviour. The female 

“High sleepers” profile had a trajectory that minimally decreased their sleep and ended up with 

the most sleep compared to all other profiles. The “Lightly actives” profile had the most time 

spent in light physical activity and was the only group to increase this movement behaviour. 

Sensitivity analysis can be found in Appendix C.4. 
 
 
Domain- specific movement  trajector y profiles  

 

For the domain-specific movement trajectory profiles (see Appendix C.4), the fit-criteria 

assessment plots indicated a four-group model was most appropriate for males (BIC = 69540, 

average posterior probability = .82, odds of correct classification = 21.07) and a five-group 

model for females (BIC = 67590, average posterior probability = .72, odds of correct 

classification = 30.05). Plots for these models can be found in Figures 3.3-3.8 (see Table 3.3 for 

profile characteristics). Generally, males spent more time in moderate-vigorous physical activity 

and recreational screen activities than females while females generally spent more time in work 

and household light physical activity, education-based sedentary behaviour, passive transport, 

and self-care. 

For light physical activity, typically all groups increased their active transport and 

work/household physical activity but decreased leisure-time light physical activity. Unstructured 

moderate-vigorous physical activity decreased for all but two groups (one male, one female) 

while structured moderate-vigorous physical activity decreased for all but three groups (two 

male, one female). Nighttime sleep decreased for all groups and daytime naps increased for all 

groups. Education-based sedentary behaviour generally decreased. Leisure time (non-screen 

based) and self-care sedentary behaviour decreased for all groups while recreational screen 
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time, social-based sedentary behaviour, and passive transport generally increased across 

groups. 

 
Socioeconomic  position as a predictor  of  movement  trajectory profile  membership 

 

Socioeconomic position did not predict general movement trajectory profile membership 

for males but did predict domain-specific movement trajectory profile membership (see Table 3.4). 

Participants from lower socioeconomic households were less likely to be in the “All-rounders” 

groups. Lower socioeconomic male youth tended to spend more time in unstructured and 

structured moderate-to-vigorous physical activity, napping, and recreational screen activities but 

less time in education-based sedentary behaviour than their higher socioeconomic peers. 

For females, socioeconomic position predicted that those from a lower socioeconomic 

position were in the “Decreasing activity” profile for general movement trajectory profiles. For 

domain-specific movement trajectory profiles, members from lower socioeconomic households 

were more likely to be in “Increasingly studious screenies” and “Low social-time nappers” 

profiles than the “Napping actives” profile. Compared to their “Napping actives” peers, females 

from lower socioeconomic position families tended to spend less time in structured moderate-

vigorous physical activity, napping, and passive transport but more time in recreational screen 

time. 
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Figure  3.1 Male General Movement Trajectory Profiles 
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Figure  3.2 Female General Movement Trajectory Profiles 
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Table 3.3 Domain-specific Movement Trajectory Profile Characteristics 
 

Profile  group  Characteristics 

Males 

High sleep screenies �” Least amount of time in work and 
household light physical activity 
compared to other profiles 

�” Steepest drop in structured moderate- 
to-vigorous physical activity 

�” Most time in nighttime sleep 
compared to other profiles 

�” Some napping 
�” Relatively low time in education-based 

sedentary behaviour 
�” Least amount of time in passive 

transport compared to other profiles 

Low screen workers �” Most time spent in work and 
household light physical activity 

�” Slight decrease in unstructured but 
slight increase in structured moderate- 
to-vigorous intensity physical activity 

�” Steepest decrease in nighttime sleep 
�” Some napping 
�” Most time spent in education-based 

sedentary behaviour and passive 
transport compared to other profiles 

�” Least time spent in screen time 
compared to other profiles 

Increasingly active nappers �” Increased structured and unstructured 
moderate-vigorous physical activity 

�” Most time spent napping compared to 
all other profiles 

�” Least time spent in education-based 
sedentary behaviour compared to all 
other groups 

�” High amount of recreational screen 
activities 

All-rounders �” Slight decrease in unstructured but 
slight increase in structured moderate- 
to-vigorous intensity physical activity 

�” Minimal napping 
�” Moderate amount of work and 

household light physical activity, 
nighttime sleep, education-based 
sedentary behaviour, passive 
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 transport, and recreational screen 
activities compared to all other profiles 

Females 

Low screen studious �” Low unstructured moderate-vigorous 
physical activity 

�” Minimal naps 
�” Increased education-based sedentary 

behaviour (most time spent compared 
to all other profiles) 

�” Least time spent in recreational 
screen activities compared to all 
other profiles 

�” Relatively high passive transport 

Napping actives �” Low unstructured moderate-to- 
vigorous physical activity but increase 
in structured moderate-to-vigorous 
physical activity (most time compared 
to all other profiles) 

�” Most time spent napping compared to 
all other profiles 

�” Relatively high passive transport 
�” Relatively low recreational screen time 

Increasingly studious screenies �” Some napping 
�” Increased education-based sedentary 

behaviour (spend the least time 
compared to all other profiles) 

�” Relatively high recreational screen 
activities 

Low social-time nappers �” Fairly stable structured and 
unstructured moderate-vigorous 
physical activity 

�” Some napping 
�” Only group with stable social-based 

sedentary behaviour (least amount of 
time compared to all other groups) 

Working screenies �” Most time in work and household 
physical activity compared to all other 
profiles 

�” Limited napping 
�” Only group to decrease passive 

transport 
�” Relatively high recreational screen 

activities 
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Table  3.4 Odds Ratios of Socioeconomic Position Predicting Movement Trajectory Membership  
 

Group Unadjusted OR p Adjusted OR p AME 

Male General Movement Behaviours 
     

Highly actives Reference 
 

Reference 
  

Inactive-sitters 0.97 ( 0.86 - 1.1 ) 0.67 1 ( 0.88 - 1.13 ) 0.97 0 ( -0.03 - 0.03 ) 

Decreasing activity 0.94 ( 0.79 - 1.12 ) 0.52 0.96 ( 0.8 - 1.14 ) 0.61 -0.01 ( -0.02 - 0.01 ) 

Male Domain-Specific Movement Behaviours 

All-rounders Reference 
 

Reference 
  

High sleep screenies 0.94 ( 0.79 - 1.12 ) 0.49 0.94 ( 0.79 - 1.13 ) 0.53 -0.01 ( -0.03 - 0.01 ) 

Low screen workers 1.29 ( 1.1 - 1.51 ) <0.01 1.32 ( 1.11 - 1.55 ) <0.01 0.05 ( 0.02 - 0.07 ) 

Increasingly active nappers 0.81 ( 0.7 - 0.94 ) 0.01 0.82 ( 0.7 - 0.96 ) 0.01 -0.04 ( -0.06 - -0.02 ) 

Female General Movement Behaviours 

Highly actives Reference 
 

Reference 
  

High sleepers 1.07 ( 0.91 - 1.25 ) 0.41 1.09 ( 0.93 - 1.28 ) 0.29 0.02 ( 0 - 0.05 ) 

Decreasing activity 0.76 ( 0.58 - 0.99 ) 0.04 0.75 ( 0.58 - 0.99 ) 0.04 -0.01 ( -0.03 - 0 ) 

Inactive-sitters 1.03 ( 0.88 - 1.21 ) 0.73 1.02 ( 0.87 - 1.2 ) 0.82 0.02 ( 0 - 0.05 ) 

Lightly actives 0.95 ( 0.79 - 1.14 ) 0.56 0.96 ( 0.8 - 1.16 ) 0.71 -0.01 ( -0.03 - 0 ) 

Female Domain-Specific Movement Behaviours 

Napping actives Reference 
 

Reference 
  

Low screen studious 0.85 ( 0.71 - 1.02 ) 0.08 0.87 ( 0.72 - 1.04 ) 0.13 0 ( -0.03 - 0.02 ) 

Increasingly studious screenies 0.73 ( 0.59 - 0.91 ) <0.01 0.75 ( 0.6 - 0.92 ) 0.01 -0.02 ( -0.04 - 0 ) 

Low social-time nappers 0.81 ( 0.66 - 0.98 ) 0.03 0.82 ( 0.67 - 1 ) 0.05 -0.01 ( -0.03 - 0.01 ) 

Working screenies 0.85 ( 0.72 - 1.01 ) 0.07 0.88 ( 0.74 - 1.05 ) 0.15 0 ( -0.02 - 0.03 ) 

Note: 
Note: Values are expressed as odds ratios and 95% confidence intervals. Trajectories were adjusted for remoteness and Indigenous 
status. 
AME = Average Marginal Effects. 
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Discussion  
 

This study shows how youth from different socioeconomic positions move in a day. From 

a general movement behaviour perspective, I found that there are no differences in how males 

from different socioeconomic positions spend their time but girls from a lower socioeconomic 

position tend to be less active and more sedentary than their higher socioeconomic peers. A 

domain-specific analysis provides deeper insight into how youth from different socioeconomic 

positions accumulate their physical activity, sedentary behaviour, and sleep. In line with previous 

research, all general movement trajectories, showed children decreased their sleep and 

increased their sedentary behaviour as they grew older358,359. Males showed no differences in 

their general movement trajectories but females from lower socioeconomic positions tended to 

be less physically active and more sedentary than their higher socioeconomic counterparts. 

Domain-specific movement trajectories showed differences in how youth from different 

socioeconomic positions accumulated their movements. Lower socioeconomic position males 

tended to spend more time in “fun” activities such as structured and unstructured moderate-to- 

vigorous physical activity and recreational screen activities rather than the education-based 

sedentary behaviour observed in their higher socioeconomic peers. Females from lower 

socioeconomic positions tended to displace time in healthy behaviours, such as moderate-to- 

vigorous physical activity and napping, with recreational screen time. These differences in 

domain-specific behaviours align with research on individual movement behaviours that found 

youth from higher socioeconomic backgrounds spend more time in passive transportation, 

education-related activities, and structured physical activity102,360 while those from lower 

socioeconomic backgrounds spend more time in recreational screen time360. However, contrary 

to previous research, there was little difference in active transport, unstructured moderate-to- 

vigorous physical activity and leisure-time (non-screen-based) sedentary behaviour for females, 

structured and unstructured moderate-vigorous physical activity in males93,100,346,361. These 



Movement Behaviour Time-Use in Youth  68 
 

findings highlight the importance of studying movement behaviours in combination because 

although a child may participate in one healthy or unhealthy movement behaviour does not 

necessarily mean they participate in other healthy or unhealthy movement behaviours across a 

whole 24-hour day. Additionally, we cannot assume that all youth from lower socioeconomic 

positions only participate in unhealthy behaviours and that all youth from high socioeconomic 

positions participate in only healthy behaviours. 

Future research can take a deeper look into how domain-specific movement trajectory 

profiles affect different outcomes in youth, identify particular movement behaviour combinations 

that require special attention, and strategies to address improving domain-specific movement 

trajectory profiles while accounting for different needs based on socioeconomic position. Having 

an understanding of how youth from various socioeconomic positions spend their time may 

guide us to develop more specific and targeted interventions that better consider the needs of 

different youth. Recognising the differing time spent in domain-specific movement behaviours is 

important as they may not always result in the same outcome (e.g., reading vs. violent video 

games). Therefore, addressing appropriate domain-specific movement behaviours by 

socioeconomic position could have the potential to alleviate some socioeconomic disparities 

youth face (e.g., differences in academic performance, physical health, and socio-emotional 

problems). 

Although this study provided new insight into how youth from different socioeconomic 

positions move in a day, some limitations should be considered when interpreting the findings. 

First, the time-use diaries did not instruct participants to record physical education classes as 

part of their time-use diaries. Therefore, physical activity may have been underreported across 

all profiles. Next, the time-use data only captured one day out of the entire week. Consequently, 

this may not give the most accurate representation of the participants’ week. Finally, the sample 

size for weekend participants was not sufficient to run a group-based multi-trajectory analysis. 

Therefore, the results are only generalisable for weekdays. 



Movement Behaviour Time-Use in Youth  69 
 

Despite these limitations, the study had several strengths. To my knowledge, this is the 

first study to use group-based multi-trajectory analysis to identify profiles of youth based on 

their general movement behaviours and domain-specific movement behaviours and to test if 

socioeconomic position could predict a youth’s profile membership. The analysis allowed me to 

use continuous data which overcame the limitation of dichotomizing or categorising behaviours 

based on a specific cut-off point. Additionally, I gained longitudinal insight into youth’s 

movement behaviour patterns in combination. Further, I was able to provide novel insight into a 

youth's day based on their domain-specific movement behaviours instead of just their general 

movement behaviours. Finally, I used child-reported time-use diaries which, compared with 

parent-reported diaries, can reduce overreporting physical activity and underreporting screen 

time362,363. 

 
Conclusion  

 
The socioeconomic position of a child’s family predicted males’ and females’ domain- 

specific movement behaviour profiles and general movement behaviour profiles for females. 

Youth from lower socioeconomic position families tended to participate in a combination of 

more recreational screen activities and low education-based sedentary behaviour for males and 

low structured physical activity and education-based sedentary behaviour for females, activity 

patterns which may lead to unfavourable outcomes. However, there were limited differences in 

moderate-vigorous physical activity in males and nighttime sleep in both sexes. This insight 

highlights the need to continue to study domain-specific movement behaviours in combination. 

In the future, interventions and policies should consider targeting domain-specific movement 

behaviours in combination. Further, the habits, needs, and resources of youth from different 

socioeconomic positions should be considered when developing recommendations for different 

socioeconomic position groups. 
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Chapter  4: Movement  mediates the relationship between socioeconomic position 

and socio -emotional outcomes  

 

Preface 
 

My second study established that youth from different socioeconomic backgrounds tend 

to spend a combination of less time in education-based sedentary behaviour and more time in 

recreational screen activities than youth from higher socioeconomic backgrounds. The next 

logical step is to test if these differences in how youth spend their time can explain 

discrepancies in their outcomes. In my systematic review, I identified that there is less 

movement behaviour research in psychological health and education-related outcomes than 

physical health. Therefore, my final study will investigate if domain-specific movement 

behaviours mediate the relationship between youth’s socioeconomic position and socio- 

emotional outcomes. 

This chapter was written in a traditional PhD thesis style. 
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Abstract  

 
Youth from lower socioeconomic positions tend to have poorer socio-emotional 

outcomes than their higher socioeconomic peers. Known mechanisms do not fully explain this 

disparity. One potentially under-explored mechanism could be differences in how youth from 

different socioeconomic backgrounds accumulate their time regarding movement. The objective 

of this study was to test if movement behaviours mediate the relationship between 

socioeconomic position and socio-emotional outcomes. I used socioeconomic position data, 

scores from Strengths and Difficulties Questionnaires, and time-use diaries from 980 females 

and 1014 males aged 10-14 from the  Longitudinal Study of Australian Children from 2014-

2018. I conducted a mediation analysis using domain-specific movement trajectory profiles 

derived from the time-use diaries to evaluate if profile membership could explain the relationship 

between socioeconomic position and socio-emotional outcomes in youth. I also used lasso-

based mediation to test if single movement behaviours and interactions of movement 

behaviours could explain disparities in socio-emotional outcomes across youth from different 

socioeconomic backgrounds. I found that youth from lower socioeconomic positions participated 

in less moderate-vigorous physical activity and more recreational screen activities than their 

lower socioeconomic peers, with mediation analyses showing that these differences led to 

poorer socio-emotional outcomes. Opportunities for cost-effective moderate-vigorous physical 

activities should be implemented and promoted. Strategies to reduce recreational screen 

activities and provide more opportunities to displace recreational screen activities in youth from 

lower socioeconomic backgrounds should be researched and practised. Future research should 

explore other mechanisms that may explain why youth from lower socioeconomic positions 

have poorer socio-emotional outcomes than their higher socioeconomic peers. 
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Introduction 

 
Childhood  socioeconomic background may influence socio- emotional  outcomes 

 
Socio-emotional health refers to how people handle social situations and emotions364. 

 
Understanding how to improve socio-emotional outcomes in youth is important because they 

are associated with academic achievement, life satisfaction, their ability to adapt to their 

environment, and delinquency365–367. Youth's socioeconomic position seems to influence these 

socio-emotional outcomes. Youth from lower socioeconomic backgrounds tend to have poorer 

socio-emotional outcomes than their higher socioeconomic peers85,88,368,369. This disparity can 

partially be explained by resource differences, parenting styles, and exposure to adverse events 

and stressful circumstances88,367,368. However, these factors do not fully explain why youth from 

lower socioeconomic positions tend to have poorer socio-emotional outcomes than their higher 

socioeconomic peers88. Therefore, more mechanisms explaining why youth from lower 

socioeconomic backgrounds have poorer socio-emotional outcomes are necessary. 

 
Movement  behaviours may explain differences in  socio -emotional  outcomes 

 
In my systematic review, I found that participating in proper combinations of movement 

behaviours (i.e., high physical activity, low sedentary behaviour, and high sleep) improve 

physical, psychological, and education-related outcomes in children and adolescents. Children 

who are more active, less sedentary, and sleep more than their peers not only have better 

physical outcomes but also have better socio-emotional outcomes177,262,319. For example, a study 

of over 17,000 Canadian youth, aged 10-17, who met Canadian 24-hour Movement Behaviour 

guidelines for physical activity, sedentary behaviour, and sleep guidelines had fewer emotional 

problems than those who only met one or two of these guidelines262. A more recent study in over 

3,000 Spanish youth, aged 4-14, found that those who met between 0-2 out of the guidelines 

were between1.4-1.92 times more likely to have socioemotional problems than those who met all 

three movement behaviour guidelines370. 
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Socioeconomic  background influences movement  behaviour  time -use 

 
Although the benefits of participating in an appropriate amount of physical activity, 

sedentary behaviour, and sleep are known, there are disparities in movement behaviour 

participation across youth from different socioeconomic backgrounds. Youth from lower 

socioeconomic status families tend to be less physically active, participate in more screen- 

based sedentary time, and sleep less than their higher socioeconomic peers when studied in 

isolation51,80,96,102,371,372. However, when comparing movement behaviours in combination 

across socioeconomic backgrounds, this may not be true. In my second study, I identified, 

1) different general movement trajectory profiles regarding the overall quantity of 

general physical activity, sedentary behaviour, and sleep among youth that differed by sex, 

2) different domain-specific movement trajectory profiles (e.g., structured moderate-to-

vigorous physical activity, recreational screen activities, daytime naps) that differed by sex, 

3) socioeconomic position predicted general movement trajectory profile membership 

for females but not for males, and 

4) socioeconomic position predicted domain-specific movement trajectory profile 

membership for both sexes. 

Females from a lower socioeconomic position were a combination of less active and 

more sedentary than their higher socioeconomic peers. Socioeconomic background could 

predict domain-specific movement trajectory profile membership for both males and females. 

Movement behaviour patterns of males from lower socioeconomic backgrounds were: 

1. more time in structured moderate-vigorous physical activity, 
 

2. more time napping, 
 

3. more time in recreational screen activities, and 

4. less time in education-based sedentary behaviour. 
 

Movement behaviour patterns of females from low socioeconomic backgrounds were: 
 

1. less time in structured moderate-vigorous physical activity, 
 

2. less time napping, 
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3. less time in passive transport, and 

 
4. more time in recreational screen activities. 

 
The above profiles show a clear difference in how youth from different socioeconomic 

backgrounds spend their time regarding domain-specific movement. Therefore, it is logical to 

expect that these profiles, while appropriately controlling for confounding variables, may produce 

different outcomes, including socio-emotional outcomes (see Figure 4.1). 

 

 
Figure 4.1 Hypothesised Mediation Pathway 

Youth from lower socioeconomic backgrounds have poorer socio-emotional outcomes 

than their high socioeconomic peers, but all the mechanisms explaining this difference are not 

fully understood85,88,368. One potential mechanism could be differences in how youth from 

different socioeconomic backgrounds generally move or their domain-specific movement 

trajectory profile membership. However, since there are several behaviours to consider, it is 

difficult to disentangle which specific behaviours are causing the effects. Therefore, there are 
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three purposes of this study. 

1. The first objective is to determine if different domain-specific movement 

trajectory profiles mediate the relationship between socioeconomic position and 

socio-emotional outcomes. 

2. The second objective is to investigate if general movement behaviours (individual 

and combinations) mediate the relationship between socioeconomic position and 

socio-emotional outcomes. 

3. The third objective is to investigate if domain-specific movement behaviours 

(individual and combinations) mediate the relationship between socioeconomic 

position and socio-emotional outcomes. 

 
Methods 

 
 

Dataset  

 
For this study, I used data from The Longitudinal Study of Australian Children (LSAC)348. 

LSAC has been collecting data on two cohorts of children every two years since 2004. On 

average, data was collected at the same time of year349. As I did in Study 2, I used the data from 

Waves 6-8 of the B-cohort when the participants were aged 10- 11, 12-13, and 14-15. I did not 

use the K-cohort data because these participants were already adolescents at this time. Earlier 

time points were not included due to a change in data collection procedures in the time-use 

diaries used to measure movement behaviours350. In Waves 1-5, 

time-use diaries were filled in for one weekday and one weekend day by the participants’ 

parents and 15-minute time blocks were used. This procedure is different from Wave 6 onward. 

In Wave 6, the participant filled out the time-use diary directly, data from only one day of the 

week was recorded, and the exact duration of activities was reported. 

 
Socioeconomic  position 
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Socioeconomic position was measured through LSAC’s socioeconomic position variable. 
 

The socioeconomic position variable is a normalised variable developed by LSAC to rank the 

socioeconomic position of each family relative to other families in the study353. Each family was 

given a score by combining both parents’ income, education completed by each parent, the 

occupational status of each parent, and whether the participant’s family was a single or two-parent 

home and then ranked. This ranking was then standardised. 

 
Domain- specific  movement  trajectory profiles 

 
In my second study, I derived four domain-specific movement trajectory profiles for 

males and five for females. These profiles were used for the mediation analysis in this study. 

The process of how the profiles were identified is described below. 

In the LSAC, participants were asked to fill out a time-use diary describing what they did 

for a given day. The participants provided information on what day of the week they filled in the 

diary, the main activity they did, the start time of the activity, who accompanied them, where 

they were, and any secondary activities they did. LSAC then coded the time-use diaries350. To 

code the diaries for the purpose of this study, I calculated the time each participant spent in an 

activity by subtracting the start time of an activity from the start time of the following activity. For 

example, if a participant was “doing homework” at 19:30 and then “watching TV” at 20:20, the 

participant was recorded as doing homework for 50 minutes. For the final activity of the day, I 

subtracted the last activity’s start time from the “sleep time” variable which was the time the 

participant reported falling asleep. Of important note, participants were randomly assigned to 

days and filled out their time-use diary the same day of the week at all follow-up time points350. 

So, if a participant filled out their time-use diary on a Monday during Wave 6, they also filled out 

their time-use diary on a Monday during Waves 7 and 8. 

Next, I assigned the pre-coded time-use diary activities general and domain-specific 

movement behaviours (see Table 4.1). A list of coded activities can be found in Appendix C.1. 

Domain-specific categories were based on categories defined by previous studies19–21. In cases 
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where concurrent activities were recorded, typically the main activity was coded. The concurrent 

activity was coded when it was likely that a concurrent activity took precedence regarding 

movement. For example, if the main activity “babysitting'' was paired with “watching television”, 

the activity would be assigned to the domain-specific movement behaviour of “recreational 

screen activity” since the participant was sedentary. 

After activities were coded, I used the gbmt package in R to identify movement trajectory 

profiles354. Models were selected based on the highest Bayesian Information Criterion (BIC), 

highest average posterior probability, and the highest odds of correct classification373. 

 
Socio- emotional  outcomes 

 
I used information from the Strengths and Difficulties Questionnaire at Wave 8 to 

measure the participants’ socio-emotional outcomes. The Strengths and Difficulties 

Questionnaire is a validated tool that tests a child’s prosociality, hyperactivity-inattention, 

emotional symptoms, peer problems, and conduct problems374. Each subscale can range from 

0 – 10. The total score is the sum of hyperactivity-inattention, emotional symptions, peer 

problems, and conduct problems and therefore ranges from 0 – 40. Prosociality is not included in 

the sum. I analysed the subscales and total scores. 

 
Data analysis  

 
The purpose of a mediation analysis is to test if there is an indirect effect between an 

exposure and an outcome375. If an exposure affects an outcome then there may be 

mechanisms, or reasons, why the exposure affects the outcome in a specific way. These 

mechanisms are called mediators. In the case of this study, I tested whether the domain-specific 

movement trajectory profiles of participants from different socioeconomic backgrounds at Wave 

6 could explain why, or mediates, different socio-emotional outcomes among these participants 

at Wave 8 (see Figure 4.2). 
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Table 4.1 Movement Behaviour Categories 

 

General  movement  behaviours Domain- specific movement  behaviours 

 
 
 
Light-intensity physical activity 

Active transportation 

Leisure-time 

Work/Household 

 
 
Moderate-vigorous-intensity physical activity 

Structured 

Unstructured 

 
 
Sleep 

Nighttime sleep 

Daytime naps 

 
 
 
 
 
 

Sedentary behaviour 

Education-based 

Leisure-time (non-screen based) 

Passive transportation 

Recreational screen activities 

Self-care 

Social-based 
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Figure 4.2 Mediation Model with Time Points 

To address the first objective, to test if domain-specific movement behaviour trajectory 

profile membership mediated the relationship between a participant’s socioeconomic position 

and socio-emotional outcomes, I used the medflex package in R version 0.6.7. The medflex 

package uses the counterfactual framework to provide natural direct and indirect effects376. To 

do this, medflex uses an expanded dataset, which includes the original data and 

counterfactuals. Counterfactuals are hypothetical effects of an outcome if the exposure and 

potential mediator values were different. So, if a person received an intervention, a 

counterfactual would be that the person did not receive the intervention and consequently, the 

value of the mediator would be what would have naturally been expected in that situation. For 

example, suppose there is an intervention to increase physical activity with an education 

component and it is hypothesised that the education component mediates the relationship 

between the intervention and physical activity. If a participant received the intervention the 

counterfactual would be the estimated change in their physical activity if they had not received 

the intervention and therefore did not receive the education component because that is naturally 

what would have occurred. This expanded dataset is then used to find the natural direct effects 

(exposure to the outcome) and natural indirect effects (mediation). Compared with other R 

packages such as mediation, the medlfex package also better caters for non-linear data. 
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Considering the exposure is continuous and the mediator is a categorical variable in this study, 

the medflex package is appropriate. 

Before running a mediation analysis it is important to ensure assumptions are met375. All 

possible confounders between the exposure and the outcome (in this case, socioeconomic 

position and socio-emotional outcomes) and the mediator and the outcome (domain-specific 

movement trajectory profiles and socio-emotional outcomes) must be identified and included in 

the model. Meeting these assumptions ensures that the mediator, domain-specific movement 

trajectory profiles, is indeed causing an effect on participants’ socio-emotional outcomes since 

all other possible explanations of the effect are being controlled for375. For this study, domain-

specific movement trajectory profiles were coded as a categorical variable and I controlled for 

housing disadvantage, resources, whether a mother was present in the household, whether a 

father was present in the household, parental mental health, mother ethnicity, father ethnicity, 

puberty, remoteness and Indigenous status because all of these factors are associated with 

socioeconomic position and socio-emotional outcomes85,369,377–381. 

To address the second and third objectives, to identify which general and domain-

specific movement behaviours are interacting to affect socio-emotional outcomes, I used lasso-

based mediation. Lasso mediation uses penalising techniques specific to mediation analyses, 

allows multiple mediators to be analysed simultaneously, and accounts for any correlations 

among mediators382. 

For general movement behaviours, I made three pairwise and one three-way interaction 

variables. To test for the interactions of domain-specific movement behaviour variables on 

socio-emotional outcomes I made 78 variables by multiplying all possible pairwise combinations 

of movement behaviours (e.g., recreational screen activities*daytime naps). Next, I used the 

regmed package in R version 2.0.4 to run the lasso-based mediation on all individual general 

and domain-specific movement behaviours and all interactions. I selected the model with the 

lowest Bayesian Information Criterion (BIC). Mediation models were made for all movement 

behaviours that yielded significant results. 
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Results 
 
 

Subject  characteristics  

 
In my second study, I identified domain-specific movement trajectory profiles for 1,206 

females and 1,251 males. For this study, for females, 980 participants were included in the 

mediation analyses because 216 participants did not have data at Wave 8, nine were missing 

data for the Strengths and Difficulties Questionnaire, and one was missing covariate data. For 

the males, 1,014 participants were included in the mediation analyses because 226 participants 

did not have data at Wave 8, nine were missing Strengths and Difficulties Questionnaire data, 

and two were missing covariate data. Subject characteristics can be found in Table 4.2. 

 
Mediation  

 
For the first objective, my results indicated that lower socioeconomic position led to 

increased hyperactivity-inattentiveness and conduct problems later in life in males. For 

females, lower socioeconomic positions led to increased emotional, peer, and total socio- 

emotional problems. However, domain-specific movement trajectory profiles did not mediate 

the relationship between socioeconomic position and socio-emotional outcomes in children 

(see Table 4.3). Only figures with significant results are shown. 
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Table 4.2 Descriptive Statistics    

 Male Female Overall  
 (N=1014) (N=980) (N=1994) 

Subject  Details     

Age 10 (± 0.49) 10 (± 0.49) 10 (± 0.49) 
Indigenous    

Not Aboriginal 991 (98 %) 957 (98 %) 1948 (98 %) 

Aboriginal 19 (2 %) 22 (2 %) 41 (2 %) 
Torres Strait Islander 2 (0 %) 0 (0 %) 2 (0 %) 

Both 2 (0 %) 1 (0 %) 3 (0 %) 

Remoteness    

Highly Accessible 531 (52 %) 493 (50 %) 1024 (51 %) 

Accessible 281 (28 %) 281 (29 %) 562 (28 %) 
Moderately Accessible 168 (17 %) 167 (17 %) 335 (17 %) 

Remote 17 (2 %) 17 (2 %) 34 (2 %) 

Very Remote 11 (1 %) 16 (2 %) 27 (1 %) 
Not determined 6 (1 %) 6 (1 %) 12 (1 %) 

Socioeconomic Position 0.099 (± 1.0) 0.11 (± 0.97) 0.11 (± 0.99) 

Mother at Home    

No 10 (1 %) 8 (1 %) 18 (1 %) 

Yes 1004 (99 %) 972 (99 %) 1976 (99 %) 
Father at Home    

No 145 (14 %) 143 (15 %) 288 (14 %) 

Yes 869 (86 %) 837 (85 %) 1706 (86 %) 

Parent Sought Help for Mental Health    

No 960 (95 %) 936 (96 %) 1896 (95 %) 

Yes 52 (5 %) 43 (4 %) 95 (5 %) 

Missing 2 (0.2%) 1 (0.1%) 3 (0.2%) 
Mother Ethnicity    

Not Australian 26 (3 %) 29 (3 %) 55 (3 %) 

Australian 841 (83 %) 840 (86 %) 1681 (84 %) 

Unknown 55 (5 %) 38 (4 %) 93 (5 %) 

Missing 92 (9.1%) 73 (7.4%) 165 (8.3%) 

Father Ethnicity    

Not Australian 28 (3 %) 24 (2 %) 52 (3 %) 
Australian 730 (72 %) 728 (74 %) 1458 (73 %) 

Unknown 62 (6 %) 55 (6 %) 117 (6 %) 

Missing 194 (19.1%) 173 (17.7%) 367 (18.4%) 

Socioeconomic  Indexes  for  Areas     

Relative Socioeconomic Advantage and Disadvantage 
1 43 (4 %) 37 (4 %) 80 (4 %) 

2 79 (8 %) 75 (8 %) 154 (8 %) 
3 92 (9 %) 62 (6 %) 154 (8 %) 
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4 101 (10 %) 86 (9 %) 187 (9 %) 

5 91 (9 %) 100 (10 %) 191 (10 %) 

6 109 (11 %) 128 (13 %) 237 (12 %) 

7 111 (11 %) 109 (11 %) 220 (11 %) 

8 99 (10 %) 104 (11 %) 203 (10 %) 
9 143 (14 %) 141 (14 %) 284 (14 %) 

10 146 (14 %) 138 (14 %) 284 (14 %) 

Relative Socioeconomic Disadvantage    

1 49 (5 %) 41 (4 %) 90 (5 %) 

2 77 (8 %) 73 (7 %) 150 (8 %) 

3 100 (10 %) 66 (7 %) 166 (8 %) 

4 81 (8 %) 75 (8 %) 156 (8 %) 
5 94 (9 %) 104 (11 %) 198 (10 %) 

6 113 (11 %) 125 (13 %) 238 (12 %) 

7 119 (12 %) 110 (11 %) 229 (11 %) 
8 93 (9 %) 95 (10 %) 188 (9 %) 

9 138 (14 %) 143 (15 %) 281 (14 %) 

10 150 (15 %) 148 (15 %) 298 (15 %) 

Economic Resources    

1 52 (5 %) 43 (4 %) 95 (5 %) 

2 67 (7 %) 64 (7 %) 131 (7 %) 

3 86 (8 %) 83 (8 %) 169 (8 %) 

4 94 (9 %) 73 (7 %) 167 (8 %) 

5 88 (9 %) 70 (7 %) 158 (8 %) 
6 97 (10 %) 100 (10 %) 197 (10 %) 

7 114 (11 %) 111 (11 %) 225 (11 %) 

8 135 (13 %) 138 (14 %) 273 (14 %) 

9 117 (12 %) 126 (13 %) 243 (12 %) 
10 164 (16 %) 172 (18 %) 336 (17 %) 

Education and Occupation    

1 56 (6 %) 52 (5 %) 108 (5 %) 

2 84 (8 %) 69 (7 %) 153 (8 %) 
3 86 (8 %) 77 (8 %) 163 (8 %) 

4 96 (9 %) 102 (10 %) 198 (10 %) 

5 80 (8 %) 91 (9 %) 171 (9 %) 

6 118 (12 %) 116 (12 %) 234 (12 %) 
7 95 (9 %) 118 (12 %) 213 (11 %) 

8 147 (14 %) 121 (12 %) 268 (13 %) 

9 151 (15 %) 126 (13 %) 277 (14 %) 
10 101 (10 %) 108 (11 %) 209 (10 %) 

Strengths  And  Difficulties  Questionnaire  Scores  at Age 12 

Prosociality Scale 8.1 (± 1.8) 8.5 (± 1.7) 8.3 (± 1.7) 

Hyperactivity Scale 3.1 (± 2.4) 2.1 (± 2.1) 2.6 (± 2.3) 

Emotional Symptoms Scale 1.6 (± 1.8) 2.3 (± 2.2) 2.0 (± 2.0) 
Peer Problems Scale 1.6 (± 1.7) 1.6 (± 1.8) 1.6 (± 1.7) 
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Conduct Problems Scale 0.88 (± 1.3) 0.85 (± 1.4) 0.86 (± 1.3) 

Total Score 7.1 (± 5.3) 6.8 (± 5.6) 7.0 (± 5.5) 

Domain  Specific  Movement  Behaviours  at Age 10    

Active Transport 12 (± 30) 11 (± 26) 12 (± 28) 

Daytime Naps 2.7 (± 20) 3.9 (± 20) 3.3 (± 20) 
Education Sedentary Behaviour 210 (± 160) 220 (± 160) 220 (± 160) 

Leisure Time Sedentary Behaviour 140 (± 100) 160 (± 100) 150 (± 100) 

Passive Transport 54 (± 52) 59 (± 51) 56 (± 51) 

Screen Time 190 (± 160) 140 (± 130) 170 (± 150) 

Self Care Sedentary Behaviour 13 (± 16) 14 (± 18) 14 (± 17) 

Social Based Sedentary Behaviour 44 (± 72) 56 (± 75) 50 (± 74) 

Structured Moderate-Vigorous Physical Activity 28 (± 52) 27 (± 53) 28 (± 53) 
Unstructured Light Physical Activity 58 (± 75) 63 (± 79) 61 (± 77) 

Unstructured Moderate-Vigorous Physical Activity 33 (± 54) 17 (± 37) 25 (± 47) 

Household Light Physical Activity 55 (± 55) 68 (± 56) 61 (± 56) 
Nighttime Sleep 580 (± 62) 590 (± 63) 590 (± 63) 

 
Values represent or count (%); All variables, except strengths and Difficulties Questionnaires Scores are from 
Wave 6 (participants age 10); Age is measured in years; Socioeconomic Position is a composite score of 
income, educational attainment, and occupation status. The variable is standardized so, the mean is 0 and 
standard deviation is 1.; Movement Behaviours are measured in minutes; Socioeconomic Indexes for Areas 
variables are reported by decile (1 = most disadvantaged, 10 = most advantaged); Strengths and Difficulties 
subscales range from 0 – 10, the total score ranges from 0 – 40. 
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Table 4.3 Mediation of Movement Trajectory Profiles Between Socioeconomic Position and Socio-Emotional Outcomes 
 

Natural direct effect Natural indirect effect Total effect 
Socio-emotional outcome Estimate (SE) p  Estimate (SE) p  Estimate (SE) p 

Males         

Prosocial behaviour 0.01 (0.04) 0.81  0.00 (0.00) 0.50  0.01 (0.04) 0.75 
Hyperactivity-inattentiveness -0.07 (0.04) 0.04  0.00 (0.00) 0.34  -0.08 (0.04) 0.03 
Emotional problems -0.02 (0.04) 0.49  0.00 (0.00) 1.00  -0.02 (0.04) 0.49 
Peer problems -0.02 (0.04) 0.61  0.00 (0.00) 0.30  -0.01 (0.04) 0.70 
Conduct problems -0.09 (0.04) 0.02  0.00 (0.00) 0.77  -0.09 (0.04) 0.02 
Total -0.07 (0.04) 0.04  0.00 (0.00) 0.81  -0.07 (0.04) 0.04 

Females          

Prosocial behaviour -0.01 (0.04) 0.87  0.01 (0.00) 0.13  0.00 (0.04) 0.99 
Hyperactivity-inattentiveness -0.18 (0.04) <.01  0.00 (0.00) 0.40  -0.19 (0.04) <.01 
Emotional problems -0.10 (0.04) <.01  -0.01 (0.00) 0.19  -0.11 (0.04) <.01 
Peer problems -0.07 (0.04) 0.06  -0.01 (0.00) 0.18  -0.08 (0.04) 0.04 
Conduct problems -0.05 (0.04) 0.21  0.00 (0.00) 0.35  -0.05 (0.04) 0.18 
Total -0.14 (0.04) <.01  -0.01 (0.00) 0.14  -0.15 (0.04) <.01 

Note: 
Socio-Emotional Outcomes are based on scores from the Strengths and Difficulties Questionnaire. SE = Standard Error 
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For the second objective, selected BICs and lambas for each socio-emotional outcome 

variable can be found in Appendix D.1. For general movement behaviours, no interactions of 

general movement behaviours mediated the relationship between socioeconomic position and 

socio-emotional outcomes. However, moderate-vigorous physical activity alone accounted for 

7% of the relationship between socioeconomic position and peer problems in males (see Figure 

4.3). Those with lower socioeconomic position participated in less moderate-vigorous physical 

activity which led to more peer problems. No general movement behaviours mediated the 

relationship between socioeconomic position and socio-emotional outcomes for females. 

 

 
Figure  4.3 Pathways Between Socioeconomic Position and Peer Problems in Males 

I did not find any interactions of domain-specific movement behaviours that mediated the 

relationship between socioeconomic position and socio-emotional outcomes in children. 

However, for single domain-specific movement behaviours, recreational screen activities had 

small mediation effects on the relationship between socioeconomic position and some socio- 

emotional outcomes (see Figures 4.4 and 4.5). Females with lower socioeconomic position 

participated in more recreational screen activities which led to increased conduct problems, 

accounting for 3% of the relationship between socioeconomic position and conduct problems. A 

similar pattern was found for total socio-emotional scores with recreational screen activities 

accounting for 2% of the relationship between socioeconomic position and total socio-emotional 

health. Finally, recreational screen activities led directly to decreased prosocial behaviour. 

Similarly, males from lower socioeconomic positions participated in more recreational screen 
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activities, accounting for 3% of the relationship between socioeconomic position and peer 

problems and 1% between socioeconomic position and total socio-emotional problems. 

 
 
 

 
Figure  4.4 Pathways Between Socioeconomic Position and Female Socio-emotional Outcomes 
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Figure 4.5 Pathways Between Socioeconomic Position and Male Socio-emotional Outcomes 

 
Discussion  

 

This study found that while youth from lower socioeconomic positions spend less time in 

moderate-vigorous physical activity and more time in recreational screen activities which lead to 

poorer socio-emotional outcomes, profiles or combinations of movement behaviours do not 

mediate this relationship. Females from lower socioeconomic backgrounds had more conduct 

and total socio-emotional problems, partially because they spend more time in recreational 

screen activities. Similarly, males from lower socioeconomic positions had more peer problems 

from higher amounts of recreational screen activities and lower moderate-vigorous physical 

activity. Males also had more total socio-emotional problems due to higher recreational screen 

activities compared to their higher socioeconomic peers. These findings align with previous 

studies that have found discrepancies in how much time children from different socioeconomic 

backgrounds spend in moderate-vigorous physical activity and recreational screen activities and 

associations with these movement behaviours and socio-emotional outcomes64,96,102,138,383–386. 

Combinations of total time spent in movement behaviours did not mediate the 

relationship between socioeconomic position and socio-emotional outcomes but perhaps the 
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quality of these behaviours could. For example, in my second study, nighttime sleep was similar 

across children from different socioeconomic positions. However, sleep quality cannot be 

measured in time-use diaries. This can pose a problem as poor sleep quality is associated with 

decreased emotional regulation in children and those from lower socioeconomic positions tend 

to report poorer sleep quality than their higher socioeconomic peers387,388. This quality issue can 

be applied to other movement behaviours because researchers cannot tell whether participants 

enjoy or properly engage in these behaviours. 

The transition from primary school to secondary school may explain that combinations of 

movement behaviours did not mediate the relationship between socioeconomic position and 

socio-emotional outcomes. Participants were 10 years old at the first timepoint of this study and 

14 years old when their Strengths and Difficulties Questionnaires were considered. During this 

period participants would have transitioned into secondary school, which is often associated 

with a decline in students’ socio-emotional health, especially in students from lower 

socioeconomic positions389,390. Many students consider the transition to secondary school a 

critical time to establish their identity389,391,392. For some, this comes with a decline in socio-

emotional health. Many students feel a lack of social support during this time, which is also 

associated with poorer socio-emotional outcomes389,391,392. Therefore, although certain 

movement behaviours have been positively associated with socio-emotional health50,138,386,393, 

the participants in this age group may be at a time in their lives when other factors are more 

important in mediating the relationship between their socioeconomic position and socio-

emotional outcomes. 

Researchers should not abandon the idea of exploring combinations of movement 

behaviours with different outcomes and age groups. Socio-emotional health is complicated for 

youth transitioning into a new school due to physical, psychological, and environmental 

changes389,390. Therefore, researchers can test if combinations of movement behaviours 

mediate the relationship between socioeconomic position and socio-emotional outcomes in 
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different age groups. Alternatively, outcomes other than socio-emotional health can be explored. 

Strategies to create opportunities, awareness, access, and encouragement to participate 

in moderate-vigorous physical activity for youth from lower socioeconomic positions should be 

implemented. Youth from lower socioeconomic position neighbourhoods tend to have less 

funds, resources, quality green spaces, and sport facilities to be physically active110. However, 

even when programs are made available to families from lower socioeconomic backgrounds, 

the programs are not necessarily utilised. A program in Australia provided vouchers to families 

so children could participate in organised sport at a reduced cost394. Parents considered to be 

most disadvantaged had lower odds of hearing about the program, registering for the program, 

and redeeming vouchers than less disadvantaged parents. Therefore, creating cost-effective 

programs should be done in conjunction with increasing program awareness and promotion in 

those from lower socioeconomic backgrounds. To best inform these programs and promotions, 

qualitative research should be implemented to understand what parents and youth from 

different socioeconomic backgrounds want in programs, identify barriers and challenges that 

get in their way from participating in programs, and to identify strategies that could help them 

make the most of the programs395.   

A deeper look into the relationship between youth from lower socioeconomic positions 

and recreational screen activities should also be a focus for future research and interventions. 

Recreational screen activities are complex because there are many factors to consider such as 

the type, content, time of use, co-participation, and parental monitoring of behaviours396,397. 

Some types of recreational screen activities (e.g., video games) can be helpful for educational 

outcomes and problem-solving but detrimental to other outcomes, including socio-emotional 

health397,398. Parents from higher socioeconomic backgrounds tend to employ a more autonomy- 

supportive parenting approach to their child’s recreational screen use both in terms of duration 

and the content they are allowed to watch while parents from lower socioeconomic backgrounds 

tend to be more autonomy-restrictive399,400. The autonomy-supportive parenting approach allows 
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parents to restrict their child’s recreational screen activity use to suit the needs of their child 

better while an autonomy-restrictive approach is not as effective and can negatively affect 

youth’s socio-emotional health399,400. Therefore, researchers should explore strategies to help 

parents from lower socioeconomic positions facilitate their children’s recreational screen 

activities. 

Although this study shed light on mechanisms that mediate the relationship between 

socioeconomic position and socio-emotional outcomes in youth, some limitations should be 

noted. First, time-use diaries cannot capture the quality of movement behaviours (e.g., sleep 

quality, the effort put into a task, content of recreational screen activities). To overcome this 

limitation, future research should use more direct observation or wearable cameras to capture 

the full scope of movement behaviours. Next, this study only examined a single day of weekday 

movement behaviours. Therefore, we could only analyse a small portion of their week and could 

not consider the differences in movement behaviours that youth participate in during a 

nonstructured day, which could have had implications on their social-emotional outcomes. Next, 

some activities may have been under- or overreported due to social desirability or recall bias. 

Finally, the associations found in this study are small which could be an indication of false positive 

mediators. However, having a large sample size and using a large fraction of lasso penalty 

(>=0.8) decreases the frequency of selecting false mediators382.  

Despite these limitations, this study had several strengths. First, this study used 

longitudinal, continuous data which allowed a full 24-hour day to be considered at multiple 

timepoints in the participants' lives. Next, analysing domain-specific movement behaviours 

allowed us to tease out that recreational screen activity is a mechanism that partially causes 

youth from lower socioeconomic positions to have poorer socio-emotional outcomes than their 

higher socioeconomic peers. If only general movement behaviours were considered we may 

have missed this important finding. Finally, the socioeconomic position variable was robust. 

Conclusion  
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In this study, I found that moderate-vigorous physical activity accounted for 7% of the 

relationship between socioeconomic position and male peer problems. Recreational screen 

activities accounted for between 1-3% of the relationship between youth’s socioeconomic 

position and some socio-emotional outcomes. Interventions to support youth should focus on 

alternatives to recreational screen activities and increasing opportunities for moderate- vigorous 

physical activity. However, all other movement behaviours did not mediate the relationship 

between socioeconomic position and socio-emotional outcomes. Researchers should continue 

studying domain-specific movement behaviours across youth from different socioeconomic 

backgrounds because the findings may provide a more detailed approach to improving specific 

outcomes in populations most in need. Combinations of movement behaviours should be 

considered in other physical, psychological, and education-related outcomes. 

Researchers and policymakers should focus efforts on how best to improve socio- 

emotional health in youth from lower socioeconomic positions. Interventions to support these 

youth could include alternatives to recreational screen activities and increasing opportunities for 

moderate-vigorous physical activity. 
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Chapter  5: Discussion 
 
 

Review  of  Thesis Objectives 
 

The primary aim of my thesis was to improve our understanding of movement behaviour 

(i.e., physical activity, sedentary behaviour, and sleep) time-use across youth from different 

socioeconomic backgrounds. To achieve this objective, I completed three studies. In my first 

study, I systematically reviewed literature that investigated combinations of movement 

behaviours and physical health, psychological health, or education-related outcomes in children 

and adolescents. In the second study, I identified general and domain-specific movement 

trajectory profiles in youth. I discovered that socioeconomic position could predict how youth’s 

movement behaviours change over time, especially domain-specific movements. In my final 

study, I found that moderate-vigorous physical activity and recreational screen time mediate the 

relationship between socioeconomic position and socio-emotional outcomes. 

My systematic review aimed to evaluate associations of combinations of physical 

activity, sedentary behaviour, and sleep with youth’s physical health, psychological health, and 

education-related outcomes. In agreement with a previous, smaller review, I generally found 

that combinations of “high” physical activity and sleep with “low” sedentary behaviour was 

associated with the best physical outcomes in children and adolescents177. My systematic 

review also found that the combination of “high” physical activity and sleep with “low” sedentary 

behaviour was associated with the best psychological health and education-related outcomes in 

children and adolescents. However, there was far less evidence for psychological and 

education-related outcomes than physical health. My systematic review also identified several 

gaps in the literature. First, although the “best” outcomes included a combination with “high” 

sleep, very few studies included sleep in their analyses, especially research in adolescents. 

Next, the type, or domain, of sedentary behaviour (i.e., overall sedentary behaviour vs. screen 

time) yielded different results depending on the outcome. Typically, “high” sedentary behaviour 
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was “bad”, except for academic achievement. However, when sedentary behaviour was defined 

as “screen time” (as opposed to broader definition of sedentary behaviour), it was associated 

with poorer academic achievement. Another gap I identified was that movement behaviours 

were categorised differently across studies (e.g., dichotomised movement behaviours based on 

guidelines, study-specific tertiles), meaning I could not provide concrete amounts of time that 

should be spent on each movement behaviour. Finally, the evidence in my systematic review 

was largely based on cross-sectional studies, highlighting the need for more longitudinal 

research. In summary, my systematic review identified the following needs in future movement 

behaviour research: ensure that sleep is included in analyses, outcomes beyond physical health 

should be further explored more extensively, research using longitudinal and continuous data 

should be used, and specific types of movement behaviours should be considered. 

To address the research gaps found in my systematic review and to explore the 

differences in how youth from different socioeconomic position use their time, my study aimed to 

identify different movement behaviour trajectory profiles and whether socioeconomic position 

could predict profile membership. First, I used a group-based multi-trajectory analysis to identify 

general and domain-specific movement trajectory profiles in youth. Group-based multi- 

trajectory analysis is a novel method in the public health field that allows researchers to 

evaluate continuous data longitudinally401. This method allowed me to identify different general 

and domain-specific movement trajectory profiles in youth. Next, I used multinomial logistic 

regression to test if socioeconomic position could predict profile membership. From this test, I 

discovered that, surprisingly, males from different socioeconomic backgrounds do not tend to 

differ in their physical activity, sedentary behaviour, and sleep. On the other hand, females from 

lower socioeconomic positions show a combination of being both less active and more 

sedentary than their higher socioeconomic peers. However, when examining domain-specific 

movement trajectory profiles, both males and females from lower socioeconomic backgrounds 

spend a combination of more time in recreational screen time and less time in education-related 
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outcomes than those with a higher socioeconomic background. This difference in how youth 

from different socioeconomic backgrounds spend their time may partially explain discrepancies 

in psychological outcomes. These findings may also lead those who create interventions and 

policies to better consider the habits and needs of youth from different socioeconomic 

backgrounds. 

My systematic review identified that there is less research on psychological and 

education-related outcomes than physical health and the results of my second study showed 

that youth from different socioeconomic backgrounds spend their time moving differently. 

Therefore, for my final study, I tested if movement behaviours mediate the relationship between 

socioeconomic position and socio-emotional outcomes in youth. I found that moderate- 

vigorous physical activity and recreational screen time mediate the relationship between 

socioeconomic position and some socio-emotional outcomes. 

 
Implications 

 
 
Policymakers 

Understanding how movement behaviour time-use influences outcomes is important 

because we can improve our recommendations and policies for children and adolescents. 

Findings from my systematic review suggest that more countries should adopt the 24-hour 

movement behaviour guideline approach since we know that different combinations of 

movement behaviours make a difference in physical health, psychological health, and 

education-related outcomes. In addition, findings from my second study suggest that youth 

from different socioeconomic backgrounds change their movement behaviours differently as 

they age. Therefore, guidelines may also need to consider the different needs of youth from 

different socioeconomic backgrounds in their recommendations. Policies could provide specific 

strategies and guidance for youth and parents from lower socioeconomic positions to reach 

recommendations. 
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Policymakers should ensure that quality physical education and health programs are 

available in schools so that students have the opportunity to learn about and execute movement 

behaviours appropriately. It has been recommended that governments could mandate a 

minimum amount of time schools should allocate to physical education and recess time402. 

Education about participating in appropriate movement behaviours should also be addressed. In 

the United States, schools are encouraged to implement effective ‘coordinated school health 

programs’ which includes health education, opportunities to be physically active, nutrition 

services, physical and mental health services, family and community involvement, and 

maintaining a safe and supportive school environment for all students403. These programs have 

been shown to reduce academic achievement barriers and promote health403,404. Barriers to 

implementing these types of programs include staff having insufficient time, budget, funding, 

and staff turnover405. Policymakers can alleviate these barriers by mandating school health 

policies and programs, requiring schools to start and maintain quality coordinated school health 

programs or equivalent programs, ensuring schools provide enough time for health education 

(including lessons on sleep and domain-specific sedentary behaviours), and providing jobs such 

as district wellness coordinators who can liaison with schools and health departments, cater to 

schools’ needs (e.g., socioeconomic positions), and aid with schools accessing resources403,406. 

 Providing sports vouchers can help youth from lower socioeconomic areas accumulate 

sufficient physical activity. A 2020 paper identified that five out of eight Australian State and  

Territory Governments provided sports vouchers to youth, with the median value of vouchers at 

$150407. A $150 sport voucher could support 60% of sport-related expenditure per year in the 

most disadvantaged areas and 27% of sport-related expenditure in the least disadvantaged 

areas. Increasing sport voucher reach and amount, particularly in lower socioeconomic areas, 

could allow more youth to participate in community sports and aid in decreasing the sport-

participation disparity. 

 Finally, policymakers could allocate funding to encourage physical activity in the built 

environment408. This can include funding for safe bicycle lanes, road crossings, sufficient 
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sidewalks and streetlights, and creation and maintenance of green spaces in disadvantaged 

neighbourhoods409.  

Communit y 

       The community setting can provide means for youth to participate in ideal movement 

behaviours. Community organisations can offer cost-effective options to promote physical 

activity and learning. For example, nonprofit, community bike shops across the United States 

have helped in creating equitable access to bicycles in low-income communities, including 

youth409. The bike shops sell used, refurbished bikes at a minimal cost or through sweat equity 

programs and assist with bicycle maintenance. Sweat equity programs allow people to provide 

labor (e.g., cleaning, fixing bicycles) instead of paying money in exchange for goods. The 

nonprofit, community bike shops give residents from low-income communities means to own a 

bike, fix a bike, and create an opportunity to learn a skill (i.e., bicycle maintenance). 

 Other community-based programs that can help displace time spent in recreational 

screen time in youth from lower socioeconomic backgrounds. In Canada, a community-based 

arts program provided an opportunity for youth aged 9-15 years old to participate in drumming, 

acting, music, and crafts after school410. The program received positive feedback from the 

participants and their parents. They program also showed an increase in the youth’s prosocial 

skills and a decrease in their emotional and conduct problems.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

 
Schools  

 
Children and adolescents should be given tools and opportunities to reallocate their 

movement behaviours to create a healthy 24-hour day. Some programs in Australia have 

already been put into place to address these issues. The iPLAY and Transform-Us! 

interventions are school-based programs with family-based components that aim to get children 

to move more and sit less411,412. Strategies implemented in the programs include teacher 

education, active breaks, incorporating physical activity with homework, parent newsletters, and 

providing active playgrounds (e.g., line markings, equipment). Both iPLAY and Transform-Us! 
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were deemed effective and feasible to implement and scale413,414. Therefore, providing 

strategies and opportunities for children to be more physically active and less sedentary is 

possible and manageable. Researchers in Spain conducted a school-based intervention 

program targeting all three movement behaviours along with other health behaviours (e.g., 

alcohol consumption) in two secondary schools415. The intervention was found to be successful 

in increasing the amount of students who met different combinations of physical activity, screen 

time, and sleep guidelines. Therefore, adding sleep to school interventions holds promise. 

My second and third studies highlight the importance of catering to the socioeconomic 

position of youth. In my second study, I found that males from different socioeconomic 

backgrounds accrue general movement behavious in similar volumes while females from lower 

socioeconomic positions have a combination of being less active and more sedentary than their 

higher socioeconomic peers. However, the way youth from different socioeconomic positions 

accumulate their time differ. Youth from lower socioeconomic positions tend to spend a 

combination of more time in recreational screen time and less time in education-based 

sedentary behaviours than their higher socioeconomic peers. In my third study, I found that 

moderate-vigorous physical activity and recreational screen time mediate the relationship 

between youth from lower socioeconomic positions having poorer socio-emotional outcomes. 

To counteract these discrepancies schools should ensure there is sufficient time for youth, 

especially those from lower socioeconomic positions, to displace general sedentary behaviours 

with education-based sedentary behaviour and moderate-vigorous physical activity. One step 

could be to ensure there are suitable (e.g., clean, away from traffic) outdoor spaces for 

students to be active during the day.  

Before and after-school programs are one option to displace general sedentary 

behaviours with education-based sedentary behaviour and moderate-vigorous physical activity. 

A meta-analysis of 73 after-school programs found that effective programs improved 

participants' attitudes and feelings toward school, socio-emotional outcomes, and academic 

performance and also included an education component (e.g., homework time, tutoring)416. Of 
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the included programs, 25.7% were low-income, 19.7% were mixed-income, and 54.5% did not 

report their socioeconomic position. These findings suggest that the after-school programs are 

likely feasible and effective for children from low socioeconomic backgrounds. Along with 

promoting education-based sedentary behaviours, before and after-school programs that 

incorporate physical activity in their programs have been positively associated with improved 

physical and socio-emotional health, cognitive and academic benefits for children417. My second 

study found that females from lower socioeconomic positions tend to be less physically active 

overall than their higher socioeconomic peers. Attending physically active before and after- 

school programs may allow females from lower socioeconomic positions to narrow this gap. 

Further, these programs may allow males and females to reallocate time spent in recreational 

screen time to other activities. This is particularly important as recreational screen time was 

found to mediate the relationship between socioeconomic position and socio-emotional 

outcomes. 

 For adolescents, participation in intramural sports may allow them to be more physically 

active and displace time spent in recreational screen time. Intramurals sports are informal and 

take place within the school setting which can potentially eliminate cost and travel barriers of 

sport participation in those with low-income. Youth and parents from lower socioeconomic 

backgrounds have identified intramural sport participation as important and fun. However, some 

considerations for future intramural sport program development are ensuring students know how 

to play, keeping the focus away from winning, and creating an environment to make the students 

feel comfortable418.  

 
Families  

 
The home is a place where appropriate movement behaviours should be encouraged 

and facilitated. The findings of this thesis support families using the Consensus Statement on 

the Role of the Family in the Physical Activity, Sedentary and Sleep Behaviours of Children and 

Youth (https://participaction.com/consensus-statement) as a tool to reference evidence-based 
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strategies to guide children and youth to lead a healthy 24-hour day419. The Consensus 

Statement states that families include parents, elders, grandparents, siblings, and legal 

guardians. In short, families should know and understand the 24-Hour Movement Behaviour 

Guidelines, create an environment that supports and encourages adhering to the guidelines, 

role model appropriate movement behaviours, and involve their children in setting expectations 

for meeting guidelines. Strategies noted in the Consensus Statement include co-participating in 

physical activity and screen time, encouraging children to go outside, participating in more 

“screen-free family time”, removing screens from bedrooms, ensuring consistent sleep-wake 

times, and providing a quiet, comfortable sleep space. This thesis suggests that families 

particularly from lower socioeconomic positions should also encourage and facilitate more time 

for education-based sedentary behaviour. 

 Parents play a major role in determining or influencing their child’s movement behaviours. 

Parents should be made aware of the important of physical activity and potential detriments of 

recreational screen time104. From there, parents can create an environment that encourages 

physical activity and discourages recreational screen time. For example, parents can put up 

fences around their yard in they live in a heavily trafficked area so that younger children do not 

end up in the street. Toys, books, and sports equipment can be purchased for leisure-time 

activities. Parents, when possible, should also encourage their children to utilize outdoor 

spaces (e.g., yard, parks, trails) and community centers.  

 
Strengths 

 
I used best practice guidelines for all of my studies to ensure my research was of high 

quality. My systematic review was prospectively registered on PROSPERO (ID: 

CRD42020181097), I followed PRISMA and AMSTAR 2 guidelines, and my dataset is publicly 

available on the Open Science Framework repository (https://osf.io/jq8xh). My second and third 

studies were preregistered on the Open Science Framework (https://osf.io/j6uvz and 
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https://osf.io/g5cze, respectively). The dataset for these studies is not publicly available, as I 

used secondary data from the Longitudinal Study of Australian Children, which requires 

permission from the owners to access. 

The Longitudinal Study of Australian Children dataset was a strength of my thesis. First, 

the dataset provided me with a large, representative sample size of Australian children348. The 

data collection process was rigorous and included data on many outcomes. This allowed me to 

include many potential confounders in my analyses, reducing the risk of bias. 

Specifically, the updated time-use diaries used by the Longitudinal Study of Australian 

Children were a strength of my thesis. The time-use diaries allowed me to find more accurate 

data on youth’s movement behaviours because they instructed participants to record the exact 

time they participated in each activity rather than in 15-minutes increments350. Additionally, 

since the time-use diaries provided continuous data, I could use group-based multi- trajectory 

analysis to longitudinally analyse data while overcoming the limitation of dichotomising or 

categorising movement behaviours. For example, many studies dichotomise movement 

behaviours by whether participants meet a recommendation or not. Consequently, a participant 

who spends 59 minutes of physical activity will be grouped with a participant who spends 2 

minutes in physical activity but separately from someone who participates in 61 minutes of 

physical activity. Therefore, group-based multi-trajectory analysis allowed me to better cluster 

individuals into appropriate groups. Another strength of this method was that it provided data for 

a full 24-hour day. Other methods may make a “day” by adding movement behaviour 

measurements. These “days” can be greater than or less than 24 hours. Isotemporal 

substitution and compositional data analysis can account for this problem but their estimates are 

hypothetical and the research is largely cross-sectional. 

 
Limitations 

 
The studies in my thesis measured the duration of movement behaviours which means 
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that the quality of movement behaviours was not considered. Measuring the quality of 

movement behaviours is important because the quality can influence many of the same 

outcomes that movement behaviour duration can impact. For example, poor sleep quality can 

negatively affect cognitive functioning, academic performance, mental health, socio-emotional 

health, and cardiometabolic health in youth50,386,419,420. However, sleep quality has been 

insufficiently studied and there is no consensus on the best way to measure it58,420,422. Quality of 

movement behaviours can even be measured on a domain-specific level. For example, some 

forms of recreational screen time have been shown to have beneficial effects while others have 

detrimental effects397. For school music programs, there are discrepancies in the quality of the 

programs in different socioeconomic areas143,423,424. Therefore, although youth from different 

socioeconomic backgrounds may spend similar amounts of time in certain movement 

behaviours, they are not necessarily receiving the same quality experiences. 

Although the Longitudinal Study of Australian Children dataset was a major strength of 

this thesis, it presents some limitations. First, even though the time-use diaries provided 

continuous domain-specific movement behaviour data, the reports are still subjective. 

Therefore, recall or social desirability bias may be present. Also, there were only sufficient time- 

use diary data to analyse weekdays, not weekends. Therefore, the results from my second and 

third studies are only generalisable to weekdays. Finally, since only youth living in Australia 

were analysed in the final two studies, the results are only generalisable to Australians and 

perhaps other similar countries. Consequently, other cultures and low and middle-income 

countries may not benefit the same from the findings of this thesis. 

Finally, the multidimensional nature of socioeconomic position makes it complicated to 

measure. The composite socioeconomic position variable used in this thesis was robust but not 

without its limitations425. The components that make up the socioeconomic position variable 

(e.g., occupational status) cannot account for all implications. For example, a stay-at-home 

parent may not have an occupation because they chose to stay home to care for their children 
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or someone regaining employment after being away may have a less prestigious position than 

they previously held. For educational attainment, the quality of education cannot be evaluated. 

Ultimately, although the socioeconomic position is robust, it cannot account for everything. 

 
Future research  

 
From my systematic review, I identified several gaps that should be included in future 

movement behaviour research. First, there is a need for sleep to be incorporated into more 

studies. Future research should not only measure sleep but ensure that their sleep data is 

continuous, and, if possible, measure sleep quality. Next, more longitudinal studies exploring 

combinations of movement behaviours and youth’s outcomes should be conducted. Movement 

behaviour research should also aim to use continuous data. Definitions of “high” and “low” 

amounts of movement behaviours were highly variable, making it difficult to make firm 

conclusions of what exactly is considered “high” and “low” amounts of each movement 

behaviour. Finally, researchers should investigate combinations of all three movement 

behaviours and adolescents’ cardiometabolic risk factors, cardiorespiratory fitness, muscular 

physical fitness, health-related quality of life, and cognitive/executive functions because, at the 

time of my searches, there were no studies that reported on any of these outcomes. 

My second and third studies explored domain-specific movement behaviour time-use in 

Australian children and their socio-emotional outcomes. As stated in the limitations, my results 

are only generalisable to Australia and similar countries. Therefore, more research investigating 

domain-specific movement behaviour time-use is needed in low and middle-income countries. 

The associations between domain-specific movement behaviour time-use and other 

psychological and education-related outcomes should be explored. Finally, other age groups 

should be used to see if domain-specific movement trajectory profiles can mediate the 

relationship between socioeconomic position and socio-emotional outcomes. 

Finally, qualitative research should be conducted to inform future interventions and 

programs for youth from different socioeconomic backgrounds395. Qualitative studies can help 
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identify potential strategies, barriers that need to be considered, and provide in-depth insight 

about what the youth and parents would enjoy and expect in a program.  

 
Conclusion  

 
My thesis has contributed to the understanding of movement behaviour time-use in 

youth and the influence of socioeconomic background on youth’s movement behaviours. I found 

that the combination of “high” physical activity and sleep with “low” sedentary behaviour is 

generally associated with better physical, psychological, and educational outcomes. I also found 

that males from different socioeconomic backgrounds spend similar amounts of time in general 

movement behaviours but females from lower socioeconomic positions are both less active and 

more sedentary than their higher socioeconomic peers. However, regardless of sex, youth from 

different socioeconomic backgrounds accumulate their movement behaviours differently. This is 

important because I found that youth from lower socioeconomic positions tend to spend more 

time in recreational screen activities which leads to some poorer socio-emotional outcomes. For 

males, those from lower socioeconomic positions also spent less time in moderate-vigorous 

physical activity which led to more peer problems. This information can help guide researchers, 

families, schools, and policymakers to better cater practices, programs, and policies for youth 

from lower socioeconomic positions. 

More longitudinal research using continuous data and domain-specific movement 

behaviours is needed to improve our understanding of movement behaviour time-use in children 

from different socioeconomic backgrounds. However, the findings of this thesis suggest that 

children from different socioeconomic backgrounds likely differ in how they spend their day 

regarding domain-specific movement behaviours. Additionally, reducing the time children from 

lower socioeconomic backgrounds spend in recreational screen time and increasing the amount 

of time spent in moderate-vigorous physical activity may improve their socio-emotional 

outcomes. 
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Appendix  A.1 School Sedentary Behaviour Recommendations 
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Appendix  B.1 Search Strategy by Database 

 
MEDLINE: 

 
S1 (MH “Exercise+”) 
S2 (MH “Motor Activity+”) 
S3 (MH “Physical Exertion+”) 
S4 (MH “Sports+) 
S5 TI/AB physic* N2 activ* 
S6 TI/AB exercis* or sport* 
S7 S1 or S2 or S3 or S4 or S5 or S6 
S8 (MH “Sedentary Behavior+”) 
S9 TI/AB sedentar* 
S10 TI/AB low N2 “energy expenditure” 
S11 TI/AB television or “screen time” 
S12 TI/AB physical* N2 inactiv* 
S13 S8 or S9 or S10 or S11 or S12 
S14 (MH “Sleep+”) 
S15 TI/AB sleep N2 duration 
S16 TI/AB sleep 
S17 S14 or S15 or S16 
S18 (MH “Child+”) 
S19 (MH “Adolescent+”) 
S20 (MH “Students+”) 
S21 TI/AB child* or adolescen* or “school age*” or boy* or girl* or student* 
S22 S18 or S19 or S20 or S21 
S23 S7 and S13 and S22 
S24 S7 and S17 and S22 
S25 S13 and S17 and S22 
S26 S23 or S24 or S25 

 
Filter: “all child: 0-18 years” 
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CINAHL:  
S1 (MH "Exercise+") 
S2 (MH "Motor Activity+") 
S3 (MH "Physical Activity+") 
S4 (MH "Sports+") 
S5 TI/AB exercis* or sport* 
S6 TI/AB physic* N2 activ* 
S7 S1 or S2 or S3 or S4 or S5 or S6 
S8 TI/AB sedentar* 
S9 TI/AB “screen time” or television 
S10 TI/AB low N2 “energy expenditure” 
S11 TI/AB physical* N2 inactiv* 
S12 S8 or S9 or S10 or S11 
S13 (MH "Sleep+") 
S14 TI/AB sleep N2 duration 
S15 TI/AB sleep 
S16 S13 or S14 or S15 
S17 (MH “Child+”) 
S18 (MH “Adolescence+”) 
S19 (MH “Students+”) 
S20 TI/AB child* or adolescen* or student* or “school age*” or boy* or girl* 
S21 S17 or S18 or S19 or S20 
S22 S7 and S12 and S21 
S23 S7 and S16 and S21 
S24 S12 and S16 and S21 
S25 S22 or S23 or S24 

 
Filter: “all child” 
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PsycINFO:  
S1 (MJ Exercise) 
S2 (MJ "Movement Therapy") 
S3 (MJ "Physical Activity") 
S4 (MJ "Sports") 
S5 TI/AB sport* or exercis* 
S6 TI/AB physic* N2 activ* 
S7 S1 or S2 or S3 or S4 or S5 or S6 
S8 (MJ “Sedentary Behavior”) 
S9 TI/AB sedentar* 
S10 TI/AB “screen time” or television 
S11 TI/AB low N2 “energy expenditure” 
S12 TI/AB physical* N2 inactiv* 
S13 S8 or S9 or S10 or S11 or S12 
S14 (MJ "Sleep") 
S15 (MJ “Sleep Deprivation”) 
S16 (MJ “Sleep Onset”) 
S17 TI/AB sleep N2 duration 
S18 TI/AB sleep 
S19 S14 or S15 or S16 or S17 or S18 
S20 (MJ “Child”) 
S21 (MJ “Adolescent”) 
S22 (MJ “Students”) 
S23 TI/AB child* or adolescen* or student* or “school age*” or boy* or girl* 
S24 S20 or S21 or S22 or S23 
S25 S7 and S13 and S24 
S26 S7 and S19 and S24 
S27 S13 and S19 and S24 
S28 S25 or S26 or S27 

 
Filter: “childhood (birth-12 yrs)”, “adolescence (13-17 yrs)” 
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SPORTDiscus:  
S1 (SU "Exercise") 
S2 (SU "Physical Activity") 
S3 (SU "Sports") 
S4 TI/AB sport* or exercis* 
S5 TI/AB physic* N2 activ* 
S6 S1 or S2 or S3 or S4 or S5 
S7 (SU “Sedentary Behavior”) 
S8 TI/AB sedentar* 
S9 TI/AB “screen time” or television 
S10 TI/AB low N2 “energy expenditure” 
S11 TI/AB physical* N2 inactiv* 
S12 S7 or S8 or S9 or S10 or S11 
S13 (SU "Sleep") 
S14 (SU "Sleep Deprivation") 
S15 (SU “Sleep Stages”) 
S16 (SU “Sleep Hygiene”) 
S17 TI/AB sleep N2 duration 
S18 TI/AB sleep 
S19 S13 or S14 or S15 OR S16 or S17 or S18 
S20 (SU “Child”) 
S21 (SU “Adolescent”) 
S22 (SU “Students”) 
S23 TI/AB child* or adolescen* or student* or “school age*” or boy* or girl* 
S24 S20 or S21 or S22 or S23 
S25 S6 and S12 and S24 
S26 S6 and S19 and S24 
S27 S12 and S19 and S24 
S28 S25 or S26 or S27 
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ERIC: 
S1 (SU "Exercise") 
S2 (SU "Physical Activity") 
S3 (SU "Sports") 
S4 TI/AB sport* or exercis* 
S5 TI/AB physic* N2 activ* 
S6 S1 or S2 or S3 or S4 or S5 
S7 TI/AB sedentar* 
S8 TI/AB “screen time” or television 
S9 TI/AB low N2 “energy expenditure” 
S10 TI/AB physical* N2 inactiv* 
S11 S7 or S8 or S9 or S10 
S12 (SU "Sleep") 
S13 TI/AB sleep N2 duration 
S14 TI/AB sleep 
S15 S12 or S13 or S14 
S16 (SU “Child”) 
S17 (SU “Adolescents”) 
S18 (SU “Students”) 
S19 TI/AB child* or adolescen* or student* or “school age*” or boy* or girl* 
S20 S16 or S17 or S18 or S19 
S21 S6 and S11 and S20 
S22 S6 and S15 and S20 
S23 S11 and S15 and S20 
S24 S21 or S22 or S23 
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Embase:  
S1 (SH "Exercise") 
S2 (SH "Motor Activity") 
S3 (SH "Physical Activity") 
S4 (SH "Sports") 
S5 TI/AB sport* or exercis* 
S6 TI/AB “physical activity” or “physically active” 
S7 S1 or S2 or S3 or S4 or S5 or S6 
S8 (SH “Sedentary Behavior”) 
S9 TI/AB sedentar* 
S10 TI/AB “screen time” or television 
S11 TI/AB “low energy expenditure” 
S12 TI/AB “physically inactive” or “physical inactivity” 
S13 S8 or S9 or S10 or S11 or S12 
S14 (SH "Sleep") 
S15 (SH "Sleep Deprivation") 
S16 (SH “Sleep Latency”) 
S17 (SH “Sleep Hygiene”) 
S18 TI/AB sleep 
S19 S14 or S15 or S16 or S17 or S18 
S20 (SH “Child”) 
S21 (MH “Adolescent”) 
S22 (MH “Students”) 
S23 TI/AB child* or adolescen* or student* or “school age*” or boy* or girl* 
S24 S20 or S21 or S22 or S23 
S25 S7 and S13 and S24 
S26 S7 and S19 and S24 
S27 S13 and S19 and S24 
S28 S25 or S26 or S27 
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PubMed:  

S1 (MH "Exercise") 
S2 (MH "Motor Activity") 
S3 (MH "Physical Exertion") 
S4 (MH "Sports") 
S5 TI/AB sport* or exercis* 
S6 TI/AB “physically active” or “physical activity” 
S7 S1 or S2 or S3 or S4 or S5 or S6 
S8 (MH “Sedentary Behavior”) 
S9 TI/AB sedentar* 
S10 TI/AB “screen time” or television 
S11 TI/AB “low energy expenditure” 
S12 TI/AB “physically inactive” or “physical inactivity” 
S13 S8 or S9 or S10 or S11 or S12 
S14 (MH "Sleep") 
S15 (MH "Sleep Deprivation") 
S16 (MH “Sleep Stages”) 
S17 (MH “Sleep Latency”) 
S18 (MH “Sleep Hygiene”) 
S19 TI/AB sleep 
S20 S14 or S15 or S16 or S17 or S18 or S19 
S21 (MH “Child”) 
S22 (MH “Adolescent”) 
S23 (MH “Students”) 
S24 TI/AB child* or adolescen* or student* or “school age*” or boy or girl 
S25 S21 or S22 or S23 or S24 
S26 S7 and S13 and S25 
S27 S7 and S20 and S25 
S28 S13 and S20 and S25 
S29 S26 or S27 or S28 

 
Filter: “child: birth-18 years” 
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Appendix  B.2 Canadian 24-hour Movement Behaviour Guidelines for Children and Youth 
 
 

A healthy 24 hours includes: 
 

�” Uninterrupted 9 to 11 hours of sleep per night for those aged 5-13 years and 8 to 

10 hours per night for those aged 14-17 years, with consistent bed and wake-up 

times; 

�” An accumulation of at least 60 minutes per day of moderate to vigorous physical 

activity involving a variety of aerobic activities. Vigorous physical activities and 

muscle and bone strengthening activities should each be incorporated at least 3 

days per week; 

�” Several hours of a variety of structured and unstructured light physical activities; 
 

�” No more than 2 hours per day of recreational screen time; 
 

�” Limited sitting time for extended periods. (1) 
 
References  
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Appendix  B.3 Excluded Studies 
 

Citation  Exclusion Reason  
1 Laurson, K, Lee, J, Gentile, D, et al. Concurrent Associations between Physical Activity, Screen Time, and 
Sleep Duration with Childhood Obesity. ISRN Obes 2014;:204540 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 1 

2 Huang, R, Ho, S, Lo, W, et al. Physical activity and constipation in Hong Kong adolescents.. PloS one 
2014;9:e90193 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 1 

3 Faught, E, Ekwaru, J, Gleddie, D, et al. The combined impact of diet, physical activity, sleep and screen 
time on academic achievement: A prospective study of elementary school students in Nova Scotia, Canada. 
The International Journal of Behavioral Nutrition and Physical Activity 2017;14: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 1 

4 Patte, K, Faulkner, G, Qian, W, et al. Are one-year changes in adherence to the 24-hour movement 
guidelines associated with depressive symptoms among youth?. BMC Public Health 2020;20:793 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 1 

5 Howie, E, Joosten, J, Harris, C, et al. Associations between meeting sleep, physical activity or screen time 
behaviour guidelines and academic performance in Australian school children. BMC Public Health 2020;20:520 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 1 

6 Katzmarzyk, P, Staiano, A . Relationship Between Meeting 24-Hour Movement Guidelines and 
Cardiometabolic Risk Factors in Children.. Journal of physical activity & health 2017;14:779-784 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 1 

7 Ferrar, K, Olds, T, Maher, C, et al. Time use clusters of New Zealand adolescents are associated with 
weight status, diet and ethnicity. 2013;37:39-46 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

8 Zhao, J, Mackay, L, Chang, K, et al. Visualising Combined Time Use Patterns of Children's Activities and 
Their Association with Weight Status and Neighbourhood Context.. International journal of environmental 
research and public health 2019;16: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

9 Xiao, Y. Wenhua, L Cumulative Health Risk Behaviors and Adolescent Suicide: The Moderating Role of 
Future Orientation.. American Journal of Health Behavior 2019;43:1086-1102 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

10 Narcisse, M, Long, C, Felix, H, et al. Adherence to sleep guidelines reduces risk of overweight/obesity in 
addition to 8-5-2-1-0 guidelines among a large sample of adolescents in the United States.. Sleep health 
2019;5:444-451 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

11 Morales, E, Strachan, D, Asher, I, et al. Combined impact of healthy lifestyle factors on risk of asthma, 
rhinoconjunctivitis and eczema in school children: ISAAC phase III.. Thorax 2019;74:531-538 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 
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12 Marques, A, Demetriou, Y, Tesler, R, et al. Healthy Lifestyle in Children and Adolescents and Its 
Association with Subjective Health Complaints: Findings from 37 Countries and Regions from the HBSC Study.. 
International journal of environmental research and public health 2019;16: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

13 Magee, C, Caputi, P, Iverson, D. Patterns of health behaviours predict obesity in Australian children. 
Journal of Paediatrics and Child Health 2013;49:291-296 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

14 Loewen, O, Maximova, K, Ekwaru, J, et al. Adherence to Life-Style Recommendations and 
Attention-Deficit/Hyperactivity Disorder: A Population-Based Study of Children Aged 10 to 11 Years. 
Psychosom Med 2020;82:305-315 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

15 Landsberg, B, Plachta-Danielzik, S, Lange, D, et al. Clustering of lifestyle factors and association with 
overweight in adolescents of the Kiel Obesity Prevention Study.. Public health nutrition 2010;13:1708-1715 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

16 Iannotti, R, Wang, J . Patterns of physical activity, sedentary behavior, and diet in US adolescents. Journal 
of Adolescent Health 2013;53:280-286 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

17 Hu, E, Ramachandran, S, Bhattacharya, K, et al. Obesity Among High School Students in the United 
States: Risk Factors and Their Population Attributable Fraction.. Preventing chronic disease 2018;15:E137 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

18 Hartz J, Yingling L, Ayers C.et al. The relationship between clustering of cardiovascular health behaviors 
and physical fitness among U.S. adolescents-data from the national health and nutrition examination survey. 
Circulation 2016;134: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

19 Gubbels, J, Kremers, S, Stafleu, A, et al. Clustering of energy balance-related behaviors in 5-year-old 
children: Lifestyle patterns and their longitudinal association with weight status development in early childhood. 
The International Journal of Behavioral Nutrition and Physical Activity 2012;9: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

20 Gopinath, B, Louie, J, Flood, V, et al. Influence of obesogenic behaviors on health-related quality of life in 
adolescents.. Asia Pacific journal of clinical nutrition 2014;23:121-127 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

21 De Visser R, Sylvester R, Jiang Q.et al. Health behaviors predicts cardiovascular risk profile in 
middle-school children. Journal of the American College of Cardiology 2016;67:1920 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

22 Cameron, A, Crawford, D, Salmon, J, et al. Clustering of obesity-related risk behaviors in children and 
their mothers.. Annals of epidemiology 2011;21:95-102 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

23 Zhang, Y, Zhang, D, Li, X, et al. Daily Time-Use Patterns and Obesity and Mental Health among Primary 
School Students in Shanghai: A Population-Based Cross-Sectional Study. Sci Rep 2017;7:16200 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 
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24 Yang-Huang, J, van Grieken, A, Wang, L, et al. Clustering of Sedentary Behaviours, Physical Activity, 
and Energy-Dense Food Intake in Six-Year-Old Children: Associations with Family Socioeconomic Status. 
Nutrients 2020;12: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

25 O'Neill, A, Dowd, K, O'Gorman, C, et al. Activity Profiles and the Associations With Weight Status in 
Population Studies of Young Children: Are There Gender Differences?. Pediatric exercise science 
2017;29:131-144 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

26 Sevil-Serrano, J, Aibar-Solana, A, Abós, Á, et al. Healthy or Unhealthy? The Cocktail of Health-Related 
Behavior Profiles in Spanish Adolescents.. International journal of environmental research and public health 
2019;16: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

27 Werneck, A, Agostinete, R, Cayres, S, et al. Association between Cluster of Lifestyle Behaviors and 
HOMA-IR among Adolescents: ABCD Growth Study.. Medicina (Kaunas, Lithuania) 2018;54: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

28 Wijnhoven, T, van Raaij, J, Yngve, A, et al. WHO European Childhood Obesity Surveillance Initiative: 
health-risk behaviours on nutrition and physical activity in 6-9-year-old schoolchildren.. Public health nutrition 
2015;18:3108-3124 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

29 Lopez-Gonzalez, D, Partida-Gaytán, A, Wells, J, et al. Obesogenic Lifestyle and Its Influence on 
Adiposity in Children and Adolescents, Evidence from Mexico. Nutrients 2020;12: 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

30 Mandic, S, García Bengoechea, E, Coppell, K, et al. Clustering of (un)healthy behaviors in adolescents 
from Dunedin, New Zealand. American Journal of Health Behavior 2017;41:266-275 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

31 Dumuid, D, Olds, T, Lewis, L, et al. The adiposity of children is associated with their lifestyle behaviours: 
A cluster analysis of schoolâ€ aged children from 12 nations. Pediatric Obesity 2018;13:111-119 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

32 Schröder, H, Bawaked, R, Ribas-Barba, L, et al. Cumulative Effect of Obesogenic Behaviours on 
Adiposity in Spanish Children and Adolescents.. Obesity facts 2017;10:584-596 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

33 Martinez-Gomez, D, Moreno, L, Romeo, J, et al. Combined influence of lifestyle risk factors on body fat 
in Spanish adolescents--the Avena study.. Obesity facts 2011;4:105-111 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

34 Bélanger, M, Dugas, C, Perron, J, et al. Association between lifestyle habits and adiposity values among 
children exposed and unexposed to gestational diabetes mellitus in utero.. Diabetes & metabolic syndrome 
2019;13:2947-2952 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 

35 Bawaked, R, Fernández-Barrés, S, Navarrete-Muñoz, E, et al. Impact of lifestyle behaviors in early 
childhood on obesity and cardiometabolic risk in children: Results from the Spanish INMA birth cohort study.. 
Pediatric Obesity 2020;15:N.PAG-N.PAG 

Effects of Movement Behaviours 
Could Not be Determined Near Miss 2 
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1045 Taylor, R, Haszard, J, Meredith-Jones, K, et al. 24-h movement behaviors from infancy to preschool: 
Cross-sectional and longitudinal relationships with body composition and bone health. The International Journal 
of Behavioral Nutrition and Physical Activity 2018;15: 

Wrong population 

1046 Martoni, M, Carissimi, A, Fabbri, M, et al. 24-h actigraphic monitoring of motor activity, sleeping and 
eating behaviors in underweight, normal weight, overweight and obese children.. Eating and weight disorders : 
EWD 2016;21:669-677 

Combination of Movement 
Behaviors Not Analyzed 

1047 Abu-Mweis S.S, Tayyem R.F, Bawadi H.A.et al. Eating habits, physical activity, and sedentary behaviors 
of Jordanian adolescents' residents of Amman. Mediterranean Journal of Nutrition and Metabolism 
2014;7:67-74 

Combination of Movement 
Behaviors Not Analyzed 

1048 Adelmann PK. Social environment factors and preteen health-related behaviors.. Journal of Adolescent 
Health 2005;36:36-47 

No Outcome Assessed 

1049 Agostini, A, Pignata, S, Camporeale, R, et al. Changes in growth and sleep across school nights, 
weekends and a winter holiday period in two Australian schools. Chronobiology International 2018;35:691-704 

Combination of Movement 
Behaviors Not Analyzed 

1050 Agaronov, A, Ash, T, Sepulveda, M, et al. Inclusion of Sleep Promotion in Family-Based Interventions 
To Prevent Childhood Obesity.. Childhood obesity (Print) 2018;14:485-500 

Not Quantitatively Analysed 

1051 Aerenhouts, D, Zinzen, E, Clarys, P. Energy expenditure and habitual physical activities in adolescent 
sprint athletes.. Journal of Sports Science & Medicine 2011;10:362-368 

Combination of Movement 
Behaviors Not Analyzed 
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1052 Adwere-Boamah, J. Multiple Logistic Regression Analysis of Cigarette Use among High School 
Students. Journal of Case Studies in Education 2011;1: 

Combination of Movement 
Behaviors Not Analyzed 

1053 Abela, S, Bagnasco, A, Arpesella, M, et al. Childhood obesity: An observational study. Journal of 
Clinical Nursing 2014;23:2990-2992 

Combination of Movement 
Behaviors Not Analyzed 

1054 Abdelkarim O, Ammar A, Soliman A.M.A.et al. Prevalence of overweight and obesity associated with the 
levels of physical fitness among primary school age children in Assiut city. Egyptian Pediatric Association 
Gazette 2017;65:43-48 

Combination of Movement 
Behaviors Not Analyzed 

1055 Abdulsalam S, Olugbenga-Bello A, Olarewaju O.et al. Sociodemographic correlates of modifiable risk 
factors for hypertension in a rural local government area of Oyo state south west nigeria. International Journal 
of Hypertension 2014;2014:842028 

Wrong population 

1056 Aadland, K, Moe, V, Aadland, E, et al. Relationships between physical activity, sedentary time, aerobic 
fitness, motor skills and executive function and academic performance in children. Mental Health and Physical 
Activity 2017;12:10-18 

Combination of Movement 
Behaviors Not Analyzed 

Near miss 1: analysis in study considered amount of movement behaviour recommendations met, not specific combinations of behaviours 

Near miss 2: too many health behaviours (e.g., tobacco use, alcohol consumption, diet) considered in study to accurately answer the research question 
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Appendix  B.4 Quality Assessment 
 
 
 
 
 
 

Aggio (2015) 1 0 1 1 0 1 1 1 1 high 

Agostinis-Sobrinho (2018) 1 1 1 1 0 1 1 1 0 high 

Bai (2016) 1 0 1 1 0 1 1 0 1 low 

Bergmann (2018) 1 1 1 1 0 1 1 1 1 high 

Boone (2007) 1 1 1 1 0 1 1 1 1 high 

Burns (2019) 1 1 1 1 0 1 1 0 1 high 

Cao (2011) 1 1 1 1 0 1 1 1 1 high 

Cao (2020) 1 1 1 1 0 1 1 0 1 high 

Carson (2014) 1 1 1 1 0 1 1 1 1 high 

Carson (2015) 1 1 1 1 0 1 1 1 1 high 

Carson (2016) 1 1 1 1 0 1 1 0 1 high 

Carson (2017) 1 1 1 1 0 1 1 1 1 high 

Carson (2019) 1 1 1 1 0 1 1 0 1 high 

Chaput (2013) 1 1 1 1 0 1 1 1 1 high 

Chaput (2014) 1 1 1 1 0 1 1 0 1 high 

Chen (2020) 1 1 1 1 0 1 1 1 1 high 

Collings (2017) 1 1 1 1 1 1 1 1 1 high 

Cristi-Montero (2019) 1 1 1 1 0 1 1 0 1 high 

Crowe (2020) 1 1 1 1 1 1 1 1 1 high 

Cureau (2017) 1 1 1 1 0 1 1 0 1 high 

da Silva (2019) 1 1 1 1 1 1 1 1 1 high 

Dalene (2017) 1 1 1 1 1 1 1 1 1 high 

De Bourdeaudhuij (2013) 1 1 1 1 1 1 1 0 1 high 

de Moraes (2013) 1 1 1 1 0 1 1 0 1 high 

del Pozo-Cruz (2017) 1 1 1 1 0 1 1 1 1 high 

del Pozo-Cruz (2019) 1 1 1 1 0 1 1 1 1 high 

Djalalinia (2017) 1 0 1 1 0 1 1 0 1 low 

Dollman (2004) 0 0 1 0 0 0 0 0 0 low 

Dollman (2006) 1 0 1 1 1 1 1 0 1 high 

Dowd (2016) 1 1 1 1 1 1 1 0 1 high 

Drenowatz (2014) 1 0 1 1 0 1 1 0 1 low 

Dumuid (2017) 1 1 1 1 1 1 1 1 1 high 

Dumuid (2018) 1 1 1 1 1 1 1 1 1 high 

Dumuid (2019) 1 1 1 1 1 1 1 1 1 high 

Eisenmann (2008) 1 1 1 1 0 1 1 0 1 high 

Ekelund (2012) 1 1 1 1 0 1 1 0 1 high 

Fairclough (2017) 1 0 1 1 1 1 1 0 1 high 

Fairclough (2018) 1 1 1 1 0 1 1 0 1 high 

Faria (2020) 1 1 1 1 0 1 1 0 1 high 

Gaba (2020) 1 1 1 1 1 1 1 1 1 high 
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Garcia-Hermoso (2017) 0 1 1 1 0 1 1 0 1 low 

Garcia-Hermoso (2020) 1 1 1 1 0 1 1 0 1 high 

Gillis (2019) 1 1 1 1 1 1 1 1 1 high 

Gordon-Larsen (2002) 1 1 1 1 0 1 1 0 1 high 

Guan (2020) 1 1 1 1 0 1 1 0 0 low 

Guerrero (2019) 1 0 1 1 1 1 1 0 1 high 

Haapala (2017) 1 1 1 1 1 1 1 1 1 high 

Hamer (2009) 1 0 1 1 0 1 1 0 1 low 

Hansen (2018) 1 1 1 1 1 1 1 0 1 high 

Herman (2012) 1 1 1 1 0 0 0 0 0 low 

Herman (2014) 1 1 1 1 1 1 1 0 1 high 

Herman (2015) 1 1 1 1 0 1 1 0 1 high 

Heshmat (2016) 1 1 1 1 0 1 1 0 1 high 

Hjorth (2014a) 1 1 1 1 0 1 1 1 1 high 

Hjorth (2014b) 1 1 1 1 0 1 1 1 1 high 

Hormazabal-Aguayo (2019) 1 0 0 0 0 0 0 0 0 low 

Hrafnkelsdottir (2018) 1 1 1 1 0 1 1 0 1 high 

Huang (2016) 1 0 1 1 1 1 1 0 1 high 

Ishii (2020) 1 0 1 1 0 1 1 0 1 low 

Jakubec (2020) 1 1 1 1 0 1 1 1 1 high 

Janssen (2017) 1 1 1 1 0 1 1 0 1 high 

Jones (2019) 1 1 1 1 1 1 1 1 1 high 

Jones (2020) 1 1 1 1 1 1 1 1 1 high 

Kantoma (2016) 1 1 1 1 0 1 1 1 1 high 

Katzmarzyk (2015) 1 1 1 1 0 1 1 1 1 high 

Keane (2017) 1 1 1 1 0 1 1 0 1 high 

Khan (2018) 1 0 1 0 0 1 1 0 1 low 

Kidokoro (2019) 1 1 1 1 1 1 1 1 1 high 

Kim (2016) 1 1 1 1 1 1 1 1 1 high 

Lacy (2012) 1 1 1 1 0 1 1 1 1 high 

Lane (2014) 1 1 1 1 0 1 1 0 1 high 

Laurson (2008) 1 1 1 1 1 1 1 1 1 high 

Laurson (2015) 1 1 1 1 0 1 1 1 1 high 

Lee (2014) 1 1 1 1 0 1 1 1 1 high 

Lee (2018) 1 0 1 1 0 1 1 1 1 high 

Lien (2020) 1 0 1 1 0 1 1 0 1 low 

Liu (2019) 1 0 1 1 1 1 1 0 1 high 

Loprinzi (2015) 1 1 1 1 1 1 1 1 1 high 

Maher (2012) 1 0 1 1 0 1 1 0 1 low 

Maher (2016) 1 1 1 1 0 1 1 1 1 high 

Marques (2015) 1 1 1 1 1 1 1 0 1 high 

Martinez-Gomez (2011) 1 1 1 1 0 1 1 0 1 high 

Matin (2017) 1 1 1 1 0 1 1 0 1 high 

Melkevik (2010) 1 1 1 1 1 1 1 0 1 high 

Melkevik (2015) 1 1 1 1 0 1 0 1 1 high 

Mielke (2019) 1 1 1 1 1 1 1 1 1 high 

Monda (2005) 1 1 1 0 0 1 1 1 1 high 
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Moore (2013) 1 1 1 1 0 1 1 0 1 high 

Mota (2014) 1 1 1 1 0 1 1 0 1 high 

Motamed-Gorji (2019) 1 1 1 1 0 1 1 0 1 high 

Moura (2019) 1 1 1 1 1 1 1 1 1 high 

Ogawa (2019) 1 1 1 1 1 1 1 0 1 high 

Omorou (2016) 1 0 1 1 0 1 1 0 1 low 

Parker (2019) 1 1 1 1 0 1 1 1 1 high 

Patnode (2011) 1 1 1 1 0 1 1 1 1 high 

Perez (2011) 1 1 1 1 0 1 1 0 1 high 

Pérez-Rodrigo (2016) 1 1 1 0 1 1 1 1 1 high 

Pitanga (2019) 1 1 1 1 0 1 1 0 1 high 

Porter (2017) 1 1 1 1 0 1 1 0 1 high 

Rendo-Urteaga (2015) 1 1 1 1 1 1 1 1 1 high 

Roman-Viñas (2016) 1 1 1 1 0 1 1 1 1 high 

Sampasa-Kanyinga (2017) 1 1 1 1 0 1 1 0 1 high 

Sampasa-Kanyinga (2020) 1 1 1 1 0 1 1 1 1 high 

Sánchez-Oliva (2018) 1 1 1 1 0 1 1 0 1 high 

Sánchez-Oliva (2020) 1 1 1 1 1 1 1 0 1 high 

Santos (2014) 1 1 1 1 0 1 1 1 1 high 

Santos (2018) 1 1 1 1 0 1 1 0 1 high 

Sardinha (2017) 1 1 1 1 1 1 1 0 1 high 

Shi (2020) 1 0 1 1 0 1 1 0 1 low 

Sisson (2010) 1 0 1 1 0 1 1 0 0 low 

Spengler (2012) 1 1 1 1 0 1 1 0 1 high 

Steele (2009) 1 1 1 1 1 1 1 0 1 high 

Sun (2020) 1 1 1 1 1 1 1 1 1 high 

Taheri (2019) 1 0 1 1 0 1 1 0 1 low 

Tahir (2019) 1 1 1 1 0 1 1 1 1 high 

Talarico (2018) 1 1 1 1 1 1 1 0 1 high 

Tanaka (2020a) 1 1 1 1 0 1 1 0 1 high 

Tanaka (2020b) 1 0 1 1 0 1 1 1 1 high 

Tassitano (2020) 1 1 1 1 0 1 1 1 1 high 

Taylor (2020) 1 1 1 1 1 1 1 1 1 high 

teVelde (2007) 1 1 1 1 0 1 1 0 1 high 

Trinh (2015) 1 1 1 1 0 1 1 1 1 high 

Uddin (2020) 1 0 1 1 0 1 1 0 0 low 

Vaisto (2014) 1 0 1 1 0 1 1 0 1 low 

Van den Bulck (2009) 1 1 1 1 0 0 0 1 1 low 

Verswijveren (2020) 1 1 1 1 1 1 1 1 1 high 

Vicente-Rodríguez (2009) 1 1 1 1 1 1 1 0 1 high 

Walsh (2018) 1 1 1 1 0 1 1 1 1 high 

Wang (2016) 1 1 1 1 0 1 1 0 1 high 

Weisser (2015) 0 0 0 0 0 0 0 0 0 low 

Werneck (2019) 1 1 1 1 0 1 1 1 1 high 

Wilkie (2016) 1 1 1 1 1 1 1 0 1 high 

Wilson (2020) 1 1 1 1 0 1 1 1 1 high 

Wong (2009) 1 1 1 1 0 1 1 1 1 high 
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Wong (2017) 1 1 1 1 1 1 1 0 1 high 

Wu (2020) 1 1 1 1 1 1 1 1 1 high 

Xi (2011) 1 1 1 1 1 1 1 0 1 high 

Zeng (2020) 1 1 1 1 1 1 1 1 1 high 

Zhu (2019) 1 0 1 1 1 1 1 0 1 high 

Zhu (2020) 1 1 1 1 0 1 1 0 1 high 

Note: 0, does not meet criteria; 1, meets criteria; high quality, >=7 criteria met; low quality, < 7 criteria met 

Item 1: Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection 

Item 2: Give the eligibility criteria, and the sources and methods of selection of participants 

Item 3: Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable 

Item 4: For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group 

Item 5: Describe any efforts to address potential sources of bias 

Item 6: Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why 

Item 7: Describe all statistical methods, including those used to control for confounding 

Item 8: Describe any methods used to examine subgroups and interactions 

Item 9: Report numbers of outcome events or summary measures 
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First  Aut hor  

 

 
Year 

 
Study 

Design  

 

 
Country  

 
 

Population 1 

 
Sample  

Size 

Physical 

Activity Tool  

Category  

Sedentary 

Behavior  Tool  

Category  

 
Sleep Tool  

Category  

 

 
Reference  Group  Key Results  

Aggio 2015 Cross- United Kingdom Children 353 Accelerometer/ Accelerometer/ N/A N/A ß 
  sectional    N/A N/A   �; �6�%���9 PA 
          -4.187 [adiposity] 
          .0511 - 16.098 [muscular physical fitness] 

Agostinis- 2018 Cross- Sweden, Greece, Italy, Spain, Adolescents 3528 Accelerometer/ Accelerometer/ Accelerometer/ N/A Means 

Sobrinho  sectional Hungary, Belgium, France,   study-specific study-specific study-specific  Males 
   Germany, Austria       “Healthy cluster” 
 10.5 µg/dL [cortisol] 

10.1 ng/mL [leptin] 

“Medium healthy cluster” 

12.7 µg/dL [cortisol] 

8.3 ng/mL [leptin] 

“Unealthy cluster” 

11.7 µg/dL [cortisol] 

11.1 ng/mL [leptin] 

Females 

“Healthy cluster” 

11.3 µg/dL [cortisol] 

26.1 ng/mL [leptin] 

“Medium healthy cluster” 

13.2 µg/dL [cortisol] 

28.1 ng/mL [leptin] 

“Unealthy cluster” 

13.4 µg/dL [cortisol] 

32.5 ng/mL [leptin] 
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Bai 2016 Cross- United States Adolescents, 1113 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios 
  sectional  Children  dichotomized dichotomized   Children [high adiposity] 
      >=60 min/day <=2 hours   high PA/low ST 
       screen   1.49 
       time/day   low PA/low ST 
          1.6 
          low PA/high ST 
          3.0 
          Adolescents 
          high PA/low ST 
          2.38 [high adiposity] 
          2.45 [low cardiorespiratory fitness] 
          low PA/low ST 
          2.43 [high adiposity] 
          3.12 [low cardiorespiratory fitness] 
          low PA/high ST 
          3.38 [high adiposity] 
          3.84 [low cardiorespiratory fitness] 

Bergmann 2018 Cross- Brazil Adolescents, 1045 Pedometer/ Questionnaire/ N/A high PA/low ST Odds ratios [high adiposity] 
  sectional  Children  step dichotomized   low PA/high ST 
      recommendation <=2 hours   .54 [children] 
      15000 (boys) screen   .81 [adolescent males] 
      12000 (girls) time/day   1.93 [adolescent females] 
          low PA/low ST 
          .53 [children] 
          1.07 [adolescent males] 
          3.21 [adolescent females] 
          high PA/high ST 
          .49 [children] 
          .74 [adolescent males] 
          1.75 [adolescent females] 

Boone 2007 Longitudinal United States Adolescents 9155 Questionnaire/ Questionnaire/ N/A mod PA/high ST [males] Odds ratios [adiposity] 
      bouts/week hours screen  mod PA/mod ST low PA/low ST 
      low = 2 time/week  [females] .77 - .79 [males] 
      high = 5 low = 7   .61 - .66 [females] 
       high = 25   high PA/low ST 
          .75 - .82 [males] 
          .58 - .87 [females] 
          low PA/high ST 
          .87-.88 [males] 
          .58 - 1.05 [females] 
          high PA/high ST 
          .97 - .99 [males] 
          .55 - .61 [females] 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  
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Burns 2019 Cross- 

sectional 

United States Children 409 Accelerometer/ 

% school day 

Accelerometer/ 

% school day 

N/A N/A ß [gross motor skills] 

�; �6�%���9 MVPA 

.48 

Cao 2011 Cross- China Children 5003 Questionnaire/ Questionnaire/ N/A “active cluster” Odds ratios [mental health symptoms] 
  sectional    dichotomized dichotomized   “High SLP cluster” 
      >=3 x 20 m <=2 hours   .88 
      VPA/week screen   “High ST cluster” 
       time/day   1.37 
          “Low PA/low SLP cluster” 
          1.46 

Cao 2011 Cross- China Children 5003 Questionnaire/ Questionnaire/ N/A low PA/high ST Odds ratios [mental health symptoms] 
  sectional    dichotomized dichotomized   high PA/high ST 
      >=3 x 20 m <=2 hours   .78 - .87 
      VPA/week screen   low PA/low ST 
       time/day   .5 - .66 
          high PA/low ST 
          .34 - .67 

Cao 2020 Cross- China Adolescents, 4178 Questionnaire/ Questionnaire/ Questionnaire/ “active cluster” Odds ratios [mental health symptoms] 
  sectional  Children  study-specific study-specific study-specific  “High SLP cluster” 
       (screen time)   .88 
          “High ST cluster” 
          1.37 
          “Low PA/low SLP cluster” 
          1.46 

Cao 2020 Cross- China Adolescents, 4178 Questionnaire/ Questionnaire/ Questionnaire/ low PA/high ST Odds ratios [mental health symptoms] 
  sectional  Children  study-specific study-specific study-specific  high PA/high ST 
       (screen time)   .78 - .87 
          low PA/low ST 
          .5 - .66 
          high PA/low ST 
          .34 - .67 

Carson 2014 Cross- Canada Children 787 Accelerometer/ Accelerometer/ N/A “healthiest movers” Odds ratios [adiposity] 
  sectional    study-specific study-specific   Males 
          “active screenies” 
          1.09 [males] 
          1.37 [females] 
          “unhealthiest movers” 
          1.12 [males] 
          1.49 [females] 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  
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Carson 2014 Cross- Canada Children 787 Accelerometer/ Accelerometer/ N/A N/A ß [adiposity] 
  sectional    study-specific study-specific   low PA/high SB 
          .01 
          high PA/high SB 
          .03 

Carson 2014 Cross- Canada Children 787 Accelerometer/ Accelerometer/ N/A N/A ß 
  sectional    study-specific study-specific   �;�6�%���9 MVPA 
          -.035 - -.001 [adiposity] 
          0 [diastolic blood pressure] 
          .001 [HDL-cholesterol] 
          .006 [C-reactive protein] 
          0 [systolic blood pressure] 
          .013 [triglycerides] 
          -.001 [insulin] 
          .001 [cardiorespiratory fitness] 
          -.005 [well-being - difficulties] 
          �;�6�%���9 SLP 
          -.053 - -.001 [adiposity] 
          0 [diastolic blood pressure] 
          .001 [HDL-cholesterol] 
          -.018 [C-reactive protein] 
          0 [systolic blood pressure] 
          -.001 [triglycerides] 
          -.002 [insulin] 
          .001 [cardiorespiratory fitness] 
          -.008 [negative wellbeing] 

Carson 2014 Cross- Canada Children 787 Accelerometer/ Accelerometer/ N/A high PA/low ST/high ß 
  sectional    study-specific study-specific  SLP [compared to .04 - .36 [adiposity] 
         those not meeting .01 [systolic blood pressure] 
         guidelines] 0 [diastolic blood pressure] 
          .09 [fasting triglycerides] 
          -.07 [fasting HDL cholesterol] 
          .31 [C-reactive protein] 
          .19 [fasting insulin] 
          -14.05 [cardiorespiratory fitness] 
          .18 [socio-emotional problems] 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  
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Carson 2014 Cross- 

sectional 

Canada Children 787 Accelerometer/ 

study-specific 

Accelerometer/ 

study-specific 

N/A specific movement 

behavior relative to all 

other movement 

behaviors 

ß 

SB 

.029 - .111 [adiposity] 

.952 [systolic blood pressure] 

2.7 [diastolic blood pressure] 

-.038 [HDL-cholesterol] 

.097 [C-reactive protein] 

-.018 [LDL-cholesterol] 

.015 [triglycerides] 

-.017 [plasma glucose] 

-.008 [insulin] 

MPA 
.01 - .054 [adiposity] 

-.454 [systolic blood pressure] 

-1.051 [diastolic blood pressure] 

-.035 [HDL-cholesterol] 

.055 [C-reactive protein] 

-.008 [LDL-cholesterol] 

.003 [triglycerides] 

-.012 [plasma glucose] 

-.048 [insulin] 

VPA 
-.206 - -.033 [adiposity] 

.689 [systolic blood pressure] 

1.246 [diastolic blood pressure] 

.058 [HDL-cholesterol] 

-.153 [C-reactive protein] 

.015 [LDL-cholesterol] 

-.041 [triglycerides] 

.005 [plasma glucose] 

-.062 [insulin] 

Carson 2015 Cross- 

sectional 

Canada Adolescents 19831 Questionnaire/ 

quartiles 

Questionnaire/ 

quartiles 

Questionnaire/ 

quartiles 

“healthiest movers” Odds ratios [adiposity] 

Males 

“active screenies” 

1.09 [males] 

1.37 [females] 

“unhealthiest movers” 
1.12 [males] 

1.49 [females] 

Carson 2015 Cross- 

sectional 

Canada Adolescents 19831 Questionnaire/ 

quartiles 

Questionnaire/ 

quartiles 

Questionnaire/ 

quartiles 

N/A ß [adiposity] 

low PA/high SB 
.01 

high PA/high SB 

.03 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  
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Carson 2015 Cross- 

sectional 

Canada Adolescents 19831 Questionnaire/ 

quartiles 

Questionnaire/ 

quartiles 

Questionnaire/ 

quartiles 

N/A ß 

�;�6�%���9 MVPA 

-.035 - -.001 [adiposity] 

0 [diastolic blood pressure] 

.001 [HDL-cholesterol] 

.006 [C-reactive protein] 

0 [systolic blood pressure] 

.013 [triglycerides] 

-.001 [insulin] 

.001 [cardiorespiratory fitness] 

-.005 [well-being - difficulties] 

�;�6�%���9 SLP 

-.053 - -.001 [adiposity] 

0 [diastolic blood pressure] 

.001 [HDL-cholesterol] 

-.018 [C-reactive protein] 

0 [systolic blood pressure] 
-.001 [triglycerides] 

-.002 [insulin] 

.001 [cardiorespiratory fitness] 

-.008 [negative wellbeing] 

Carson 2015 Cross- Canada Adolescents 19831 Questionnaire/ Questionnaire/ Questionnaire/ high PA/low ST/high ß 
  sectional    quartiles quartiles quartiles SLP [compared to 

those not meeting 

guidelines] 

.04 - .36 [adiposity] 

.01 [systolic blood pressure] 

0 [diastolic blood pressure] 

.09 [fasting triglycerides] 

-.07 [fasting HDL cholesterol] 

.31 [C-reactive protein] 

.19 [fasting insulin] 

-14.05 [cardiorespiratory fitness] 

.18 [socio-emotional problems] 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  
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Carson 2015 Cross- Canada Adolescents 19831 Questionnaire/ Questionnaire/ Questionnaire/ specific movement ß 
  sectional    quartiles quartiles quartiles behavior relative to all 

other movement 

behaviors 

SB 

.029 - .111 [adiposity] 

.952 [systolic blood pressure] 

2.7 [diastolic blood pressure] 

-.038 [HDL-cholesterol] 

.097 [C-reactive protein] 

-.018 [LDL-cholesterol] 

.015 [triglycerides] 

-.017 [plasma glucose] 

-.008 [insulin] 

MPA 

.01 - .054 [adiposity] 

-.454 [systolic blood pressure] 

-1.051 [diastolic blood pressure] 

-.035 [HDL-cholesterol] 

.055 [C-reactive protein] 

-.008 [LDL-cholesterol] 

.003 [triglycerides] 

-.012 [plasma glucose] 

-.048 [insulin] 

VPA 
-.206 - -.033 [adiposity] 

.689 [systolic blood pressure] 

1.246 [diastolic blood pressure] 

.058 [HDL-cholesterol] 

-.153 [C-reactive protein] 

.015 [LDL-cholesterol] 

-.041 [triglycerides] 

.005 [plasma glucose] 

-.062 [insulin] 

Carson 2016 Cross- 

sectional 

Canada Children 4169 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

Interview/ 

N/A 

“healthiest movers” Odds ratios [adiposity] 

Males 

“active screenies” 

1.09 [males] 

1.37 [females] 

“unhealthiest movers” 

1.12 [males] 

1.49 [females] 

Carson 2016 Cross- 

sectional 

Canada Children 4169 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

Interview/ 

N/A 

N/A ß [adiposity] 

low PA/high SB 
.01 

high PA/high SB 

.03 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  
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Carson 2016 Cross- 

sectional 

Canada Children 4169 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

Interview/ 

N/A 

N/A ß 

�;�6�%���9 MVPA 

-.035 - -.001 [adiposity] 

0 [diastolic blood pressure] 

.001 [HDL-cholesterol] 

.006 [C-reactive protein] 

0 [systolic blood pressure] 

.013 [triglycerides] 

-.001 [insulin] 

.001 [cardiorespiratory fitness] 

-.005 [well-being - difficulties] 

�;�6�%���9 SLP 

-.053 - -.001 [adiposity] 

0 [diastolic blood pressure] 

.001 [HDL-cholesterol] 

-.018 [C-reactive protein] 

0 [systolic blood pressure] 
-.001 [triglycerides] 

-.002 [insulin] 

.001 [cardiorespiratory fitness] 

-.008 [negative wellbeing] 

Carson 2016 Cross- Canada Children 4169 Accelerometer/ Accelerometer/ Interview/ high PA/low ST/high ß 
  sectional    N/A N/A N/A SLP [compared to 

those not meeting 

guidelines] 

.04 - .36 [adiposity] 

.01 [systolic blood pressure] 

0 [diastolic blood pressure] 

.09 [fasting triglycerides] 

-.07 [fasting HDL cholesterol] 

.31 [C-reactive protein] 

.19 [fasting insulin] 

-14.05 [cardiorespiratory fitness] 

.18 [socio-emotional problems] 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   
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Carson 2016 Cross- Canada Children 4169 Accelerometer/ Accelerometer/ Interview/ specific movement ß 
  sectional    N/A N/A N/A behavior relative to all 

other movement 

behaviors 

SB 

.029 - .111 [adiposity] 

.952 [systolic blood pressure] 

2.7 [diastolic blood pressure] 

-.038 [HDL-cholesterol] 

.097 [C-reactive protein] 

-.018 [LDL-cholesterol] 

.015 [triglycerides] 

-.017 [plasma glucose] 

-.008 [insulin] 

MPA 

.01 - .054 [adiposity] 

-.454 [systolic blood pressure] 

-1.051 [diastolic blood pressure] 

-.035 [HDL-cholesterol] 

.055 [C-reactive protein] 

-.008 [LDL-cholesterol] 

.003 [triglycerides] 

-.012 [plasma glucose] 

-.048 [insulin] 

VPA 
-.206 - -.033 [adiposity] 

.689 [systolic blood pressure] 

1.246 [diastolic blood pressure] 

.058 [HDL-cholesterol] 

-.153 [C-reactive protein] 

.015 [LDL-cholesterol] 

-.041 [triglycerides] 

.005 [plasma glucose] 

-.062 [insulin] 

Carson 2017 Cross- 

sectional 

Canada Children 4157 Accelerometer/ 

dichotomized 
>=60 min/day 

Interview/ 

dichotomized 

<=2 hours 

screen 

time/day 

Interview 

dichotomized 

9-11 hour/day 

(6-13 year 

olds) 
8-10 hour/day 

(14-17 year 

olds) 

“healthiest movers” Odds ratios [adiposity] 

Males 

“active screenies” 

1.09 [males] 

1.37 [females] 

“unhealthiest movers” 

1.12 [males] 

1.49 [females] 
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Carson 2017 Cross- Canada Children 4157 Accelerometer/ Interview/ Interview N/A ß [adiposity] 
  sectional    dichotomized dichotomized dichotomized  low PA/high SB 
      >=60 min/day <=2 hours 9-11 hour/day  .01 
       screen (6-13 year  high PA/high SB 
       time/day olds)  .03 
        8-10 hour/day   

        (14-17 year   

        olds)   

Carson 2017 Cross- Canada Children 4157 Accelerometer/ Interview/ Interview N/A ß 
  sectional    dichotomized dichotomized dichotomized  �;�6�%���9 MVPA 
      >=60 min/day <=2 hours 9-11 hour/day  -.035 - -.001 [adiposity] 
       screen (6-13 year  0 [diastolic blood pressure] 
       time/day olds)  .001 [HDL-cholesterol] 
        8-10 hour/day  .006 [C-reactive protein] 
        (14-17 year  0 [systolic blood pressure] 
        olds)  .013 [triglycerides] 
          -.001 [insulin] 
          .001 [cardiorespiratory fitness] 
          -.005 [well-being - difficulties] 
          �;�6�%���9 SLP 
          -.053 - -.001 [adiposity] 
          0 [diastolic blood pressure] 
          .001 [HDL-cholesterol] 
          -.018 [C-reactive protein] 
          0 [systolic blood pressure] 
          -.001 [triglycerides] 
          -.002 [insulin] 
          .001 [cardiorespiratory fitness] 
          -.008 [negative wellbeing] 

Carson 2017 Cross- Canada Children 4157 Accelerometer/ Interview/ Interview high PA/low ST/high ß 
  sectional    dichotomized dichotomized dichotomized SLP [compared to .04 - .36 [adiposity] 
      >=60 min/day <=2 hours 9-11 hour/day those not meeting .01 [systolic blood pressure] 
       screen (6-13 year guidelines] 0 [diastolic blood pressure] 
       time/day olds)  .09 [fasting triglycerides] 
        8-10 hour/day  -.07 [fasting HDL cholesterol] 
        (14-17 year  .31 [C-reactive protein] 
        olds)  .19 [fasting insulin] 
          -14.05 [cardiorespiratory fitness] 
          .18 [socio-emotional problems] 
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Carson 2017 Cross- Canada Children 4157 Accelerometer/ Interview/ Interview specific movement ß 
  sectional    dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

9-11 hour/day 

(6-13 year 

olds) 
8-10 hour/day 

(14-17 year 

olds) 

behavior relative to all 

other movement 

behaviors 

SB 

.029 - .111 [adiposity] 

.952 [systolic blood pressure] 

2.7 [diastolic blood pressure] 

-.038 [HDL-cholesterol] 

.097 [C-reactive protein] 

-.018 [LDL-cholesterol] 

.015 [triglycerides] 

-.017 [plasma glucose] 

-.008 [insulin] 

MPA 

.01 - .054 [adiposity] 

-.454 [systolic blood pressure] 

-1.051 [diastolic blood pressure] 

-.035 [HDL-cholesterol] 

.055 [C-reactive protein] 

-.008 [LDL-cholesterol] 

.003 [triglycerides] 

-.012 [plasma glucose] 

-.048 [insulin] 

VPA 
-.206 - -.033 [adiposity] 

.689 [systolic blood pressure] 

1.246 [diastolic blood pressure] 

.058 [HDL-cholesterol] 

-.153 [C-reactive protein] 

.015 [LDL-cholesterol] 

-.041 [triglycerides] 

.005 [plasma glucose] 

-.062 [insulin] 

Carson 2019 Cross- 

sectional 

United States Children 2544 Accelerometer/ 

study-specific 

Accelerometer/ 

study-specific 

N/A “healthiest movers” Odds ratios [adiposity] 

Males 

“active screenies” 

1.09 [males] 

1.37 [females] 

“unhealthiest movers” 

1.12 [males] 

1.49 [females] 

Carson 2019 Cross- 

sectional 

United States Children 2544 Accelerometer/ 

study-specific 

Accelerometer/ 

study-specific 

N/A N/A ß [adiposity] 

low PA/high SB 
.01 

high PA/high SB 

.03 
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Carson 2019 Cross- 

sectional 

United States Children 2544 Accelerometer/ 

study-specific 

Accelerometer/ 

study-specific 

N/A N/A ß 

�;�6�%���9 MVPA 

-.035 - -.001 [adiposity] 

0 [diastolic blood pressure] 

.001 [HDL-cholesterol] 

.006 [C-reactive protein] 

0 [systolic blood pressure] 

.013 [triglycerides] 

-.001 [insulin] 

.001 [cardiorespiratory fitness] 

-.005 [well-being - difficulties] 

�;�6�%���9 SLP 

-.053 - -.001 [adiposity] 

0 [diastolic blood pressure] 

.001 [HDL-cholesterol] 

-.018 [C-reactive protein] 

0 [systolic blood pressure] 
-.001 [triglycerides] 

-.002 [insulin] 

.001 [cardiorespiratory fitness] 

-.008 [negative wellbeing] 

Carson 2019 Cross- 

sectional 

United States Children 2544 Accelerometer/ 

study-specific 

Accelerometer/ 

study-specific 

N/A high PA/low ST/high 

SLP [compared to 

those not meeting 

guidelines] 

ß 

.04 - .36 [adiposity] 

.01 [systolic blood pressure] 

0 [diastolic blood pressure] 
.09 [fasting triglycerides] 

-.07 [fasting HDL cholesterol] 

.31 [C-reactive protein] 

.19 [fasting insulin] 

-14.05 [cardiorespiratory fitness] 

.18 [socio-emotional problems] 
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Carson 2019 Cross- 

sectional 

United States Children 2544 Accelerometer/ 

study-specific 

Accelerometer/ 

study-specific 

N/A specific movement 

behavior relative to all 

other movement 

behaviors 

ß 

SB 

.029 - .111 [adiposity] 

.952 [systolic blood pressure] 

2.7 [diastolic blood pressure] 

-.038 [HDL-cholesterol] 

.097 [C-reactive protein] 

-.018 [LDL-cholesterol] 

.015 [triglycerides] 

-.017 [plasma glucose] 

-.008 [insulin] 

MPA 
.01 - .054 [adiposity] 

-.454 [systolic blood pressure] 

-1.051 [diastolic blood pressure] 

-.035 [HDL-cholesterol] 

.055 [C-reactive protein] 

-.008 [LDL-cholesterol] 

.003 [triglycerides] 

-.012 [plasma glucose] 

-.048 [insulin] 

VPA 
-.206 - -.033 [adiposity] 

.689 [systolic blood pressure] 

1.246 [diastolic blood pressure] 

.058 [HDL-cholesterol] 

-.153 [C-reactive protein] 

.015 [LDL-cholesterol] 

-.041 [triglycerides] 

.005 [plasma glucose] 

-.062 [insulin] 

Chaput 2013 Cross- 

sectional 

Canada Children 536 Accelerometer/ 

tertiles 

Accelerometer/ 

tertiles 

N/A high PA/low SB/high 

SLP 

Means [weight:height] 

high PA/low SB/high SLP 

.43 

high PA/low SB/low SLP 

.44 

low PA/high SB/high SLP 

.44 

high PA/high SB/low SLP 

.46 

low PA/low SB/high SLP 

.46 

low PA/high SB/low SLP 

.47 
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Chaput 2013 Cross- 

sectional 

Canada Children 536 Accelerometer/ 

tertiles 

Accelerometer/ 

tertiles 

N/A N/A Means 

low MVPA/high SB 

71.3 cm [waist circumference] 

.89 mmol/L [fasting trigylcerides] 

95 mm Hg [systolic blood pressure] 
4.94 mmol/L [fasting glucose] 

1.15 mmlol/L [HDL cholesterol] 

50 mm Hg [diastolic blood pressure] 

low MVPA/low SB 

69.6 cm [waist circumference] 

.94 mmol/L[fasting trigylcerides] 

93 mm Hg [systolic blood pressure] 

4.86 mmol/L [fasting glucose] 

1.18 mmol/L[HDL cholesterol] 

48 mm Hg[diastolic blood pressure] 

high MVPA/high SB 

65.4 cm [waist circumference] 

.74 mmol/L [fasting trigylcerides] 

92 mm Hg [systolic blood pressure] 
4.97 mmol/L [fasting glucose] 

1.23 mmol/L [HDL cholesterol] 

47 mm Hg [diastolic blood pressure] 

high MVPA/low SB 
62.7 cm [waist circumference] 

.74 mmol/L [fasting trigylcerides] 

102 mm Hg [systolic blood pressure] 

5.01 mmol/L [fasting glucose] 

1.28 mmlol/L [HDL cholesterol] 

47 mm Hg [diastolic blood pressure] 

Chaput 2014 Cross- Canada Children 507 Accelerometer/ Accelerometer/ Accelerometer/ high PA/low SB/high Means [weight:height] 
  sectional    tertiles tertiles tertiles SLP high PA/low SB/high SLP 

.43 

high PA/low SB/low SLP 

.44 

low PA/high SB/high SLP 

.44 

high PA/high SB/low SLP 

.46 

low PA/low SB/high SLP 

.46 

low PA/high SB/low SLP 

.47 
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Chaput 2014 Cross- 

sectional 

Canada Children 507 Accelerometer/ 

tertiles 

Accelerometer/ 

tertiles 

Accelerometer/ 

tertiles 

N/A Means 

low MVPA/high SB 

71.3 cm [waist circumference] 

.89 mmol/L [fasting trigylcerides] 

95 mm Hg [systolic blood pressure] 
4.94 mmol/L [fasting glucose] 

1.15 mmlol/L [HDL cholesterol] 

50 mm Hg [diastolic blood pressure] 

low MVPA/low SB 

69.6 cm [waist circumference] 

.94 mmol/L[fasting trigylcerides] 

93 mm Hg [systolic blood pressure] 

4.86 mmol/L [fasting glucose] 

1.18 mmol/L[HDL cholesterol] 

48 mm Hg[diastolic blood pressure] 

high MVPA/high SB 

65.4 cm [waist circumference] 

.74 mmol/L [fasting trigylcerides] 

92 mm Hg [systolic blood pressure] 
4.97 mmol/L [fasting glucose] 

1.23 mmol/L [HDL cholesterol] 

47 mm Hg [diastolic blood pressure] 

high MVPA/low SB 
62.7 cm [waist circumference] 

.74 mmol/L [fasting trigylcerides] 

102 mm Hg [systolic blood pressure] 

5.01 mmol/L [fasting glucose] 

1.28 mmlol/L [HDL cholesterol] 

47 mm Hg [diastolic blood pressure] 

Chen 2020 Cross- China Adolescents, 114072 Questionnaire/ Questionnaire/ Questionnaire/ high PA/low ST/high Odds ratios 
  sectional  Children  dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

9-11 hour/day 

(6-13 year 

olds) 
8-10 hour/day 

(14-17 year 

olds) 

SLP high PA/low ST/low SLP 

.87 - .97 [male children] 

1 - 1.02 [female children] 

1.06 [male adolescents] 

2.04 [female adolescents] 

high PA/high ST/high SLP 
.84 - 1. 14 [male children] 

1.24 - 1.32 [female children] 

.59 [male adolescents] 

1.98 [female adolescents] 

low PA/low ST/high SLP 
.96 - 1.06 [male children] 

1.01 - 1.14 [female children] 

98 [male adolescents] 

1.78 [female adolescents] 
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Collings 2017 Cross- Finland Children 410 Heart rate and Heart rate and N/A N/A ß 
  sectional    movement movement   �; �6�%���9 MPA 
      sensor/ sensor/   -2 - .016 [adiposity] 
      N/A N/A   .014 [cardiorespiratory fitness] 
          �; �6�%���9 VPA 
          -13.1 - -.042 [adiposity] 
          .098 [cardiorespiratory fitness] 

Cristi-Montero 2019 Cross- Europe Adolescents 548 Accelerometer/ Accelerometer/ N/A N/A Means 
  sectional    dichotomized median   low PA/high SB 
      >=60 min/day    53.0 mm [sum of 4 skinfolds] 
 3.11 [total cholesterol:HDL cholesterol] 

73.9 mg/dL [triglycerides] 

121 mmHg [systolic blood pressure] 

2.48 [homeostasis model assessment] 

.822 [cardiometabolic risk score] 

40.6 ml/kg/min [cardiorespiratory fitness] 

low PA/low SB 

49.1 mm [sum of 4 skinfolds] 

2.89 [total cholesterol:HDL cholesterol] 

65.8 mg/dL [triglycerides] 

121 mmHg [systolic blood pressure] 

2.54 [homeostasis model assessment] 

.062 [cardiometabolic risk score] 

40.6 ml/kg/min [cardiorespiratory fitness] 

high PA/low SB 

50.1 mm [sum of 4 skinfolds] 

2.9 [total cholesterol:HDL cholesterol] 

61.6 mg/dL [triglycerides] 

118 mmHg [systolic blood pressure] 

2.13 [homeostasis model assessment] 

-.778 [cardiometabolic risk score] 

42.6 ml/kg/min [cardiorespiratory fitness] 

high PA/high SB 

49.8 mm [sum of 4 skinfolds] 

2.85 [total cholesterol:HDL cholesterol] 

66.0 mg/dL [triglycerides] 

122 mmHg [systolic blood pressure] 

2.11 [homeostasis model assessment] 

-.484 [cardiometabolic risk score] 

43.8 ml/kg/min [cardiorespiratory fitness] 
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Crowe 2020 Cross- Canada Adolescents 9913 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    dichotomized dichotomized   low PA/high ST 
      >=60 min/day <=2 hours   1.71 
       screen   low PA/low ST 
       time/day   1.54 
          high PA/high ST 
          1.27 

Cureau 2017 Cross- Brazil Adolescents 36956 Questionnaire/ Questionnaire/ N/A no PA/high ST Odds ratios [cardiometabolic disease risk score] 
  sectional    min/week hour screen   no PA/low ST 
      0 time/day   .98 - .97 
      1-299 <=2   no PA/mod ST 
      300-599 3–5   .61 - .86 
      >=600 >=6   low PA/high ST 
          .7 - .85 
          low PA/mod ST 
          .69 - .87 
          low PA/low ST 
          .73 - .86 
          high PA/high ST 
          .81 - .92 
          high PA/mod ST 
          .61 - .79 
          high PA/low ST 
          .45 - .74 

da Silva 2019 Cross- Brazil Adolescents 1152 Questionnaire/ Questionnaire/ N/A low PA/high ST Odds ratios [high Vitamin D concentrations] 
  sectional    dichotomized dichotomized   Males 
      >=300 min/week <=2 hours   low PA/low ST 
       screen   1.23 [males] 
       time/day   .96 [females] 
          high PA/high ST 
          2.08 [males] 
          .76 [females] 
          high PA/low ST 
          2.11 [males] 
          1.47 [females] 
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Dalene 2017 Cross- Norway Adolescents, 5897 Accelerometer/ Accelerometer/ N/A N/A ß [adiposity] 
  sectional,  Children  N/A N/A   �; �6�%���9 MPA 
  Longitudinal        .03 - .06 [male children] 
          -.47 - -.18 [female children] 
          .02 - .06 [adolescents] 
          �; �6�%���9 VPA 
          -.79 - -.32 [male children] 
          -.21 - -.15 [female children] 
          -1.08 - -.56 [adolescents] 

De 2013 Cross- Belgium, Greece, Hungary, the Children 766 Accelerometer/ Accelerometer/ N/A N/A Means [BMI] 

Bourdeaudhuij  sectional Netherlands, and Switzerland   study-specific study-specific   low PA/high SB 
          20.5 kg/m2 [males] 
          19.1 kg/m2 [females] 
          high PA/low SB 
          17.6 kg/m2 [males] 
          17.7 kg/m2 [females] 
          low PA/low SB 
          19.7 kg/m2 [males] 
          18.8 kg/m2 [females] 
          mod-high PA/mod-high SB 
          18.5 kg/m2 [males] 
          19.1 kgm/m2 [females] 

de Moraes2 2013 Cross- Brazil, Sweden, Greece, Italy, Adolescents 3308, Accelerometer/ Accelerometer/ N/A low PA/high SB ß [systolic blood presure] 
  sectional Spain, Hungary, Belgium,  991 dichotomized tertiles,   high PA/high SB 
   France, Germany, Austria   >=60 min/day hour/day   -2.47 - .58 [males] 
       0–2   -2.79 - 3.61 [females] 
       >2–4   high PA/mod SB 
       >=4   -2.19 - .8 [males] 
          -5.95 - -.45 [females] 
          high PA/low SB 
          -6.77 - .05 [males] 
          -1.37 - .72 [females] 
          low PA/mod SB 
          -2.16 - 5.62 [males] 
          -3.09 - .22 [females] 
          low PA/high SB 
          -3.49 - 2.17 [males] 
          -4.95 - -.35 [females] 
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del Pozo-Cruz 2017 Cross- New Zealand Children 1812 Accelerometer/ Accelerometer/ Questionnaire/ increase PA/ maintain ß 
  sectional    N/A N/A N/A low ST maintain low PA/ 
          maintain low ST 
          -1.95 - -.84 [health-related quality of life] 
          -.03 - .46 [socio-emotional problems] 
          maintain PA/ 
          increase ST 
          -3.19 - -.58 [health-related quality of life] 
          .14 - .74 [socio-emotional problems] 

del Pozo-Cruz 2017 Cross- New Zealand Children 1812 Accelerometer/ Accelerometer/ Questionnaire/ N/A ß [adiposity] 
  sectional    N/A N/A N/A  �; �6�%���9 MVPA 
          -1.429 - -1.255 
          �; �6�%���9 SLP 
          -.575 - -.129 

del Pozo-Cruz 2019 Longitudinal Australia Children 3979 Time-use diary/ Time-use N/A increase PA/ maintain ß 
      study-specific diary/  low ST maintain low PA/ 
       study-specific   maintain low ST 
          -1.95 - -.84 [health-related quality of life] 
          -.03 - .46 [socio-emotional problems] 
          maintain PA/ 
          increase ST 
          -3.19 - -.58 [health-related quality of life] 
          .14 - .74 [socio-emotional problems] 

del Pozo-Cruz 2019 Longitudinal Australia Children 3979 Time-use diary/ Time-use N/A N/A ß [adiposity] 
      study-specific diary/   �; �6�%���9 MVPA 
       study-specific   -1.429 - -1.255 
          �; �6�%���9 SLP 
          -.575 - -.129 

Djalalinia 2017 Cross- Iran Children 23183 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    paq-a score dichotomized   high PA/high ST 
      1-1.9 <=2 hours   .98 - 1.18 
      2-3.9 screen   low PA/low ST 
      4-5 time/day   .99 - 1.25 
          low PA/high ST 
          1.1 - 1.17 

Dollman 2004 Cross- Australia Children 823 Questionnaire/ Questionnaire/ N/A “sporties” p-value 
  sectional    dichotomized dichotomized   Males 
      >=60 min/day <=2 hours   “technoactivies” [higher adiposity] 
       screen   .01 
       time/day   Females 
          “screenies” [lower cardiorespiratory fitness] 
          .02 
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Dollman 2004 Cross- Australia Children 823 Questionnaire/ Questionnaire/ N/A N/A Means [BMI] 
  sectional    dichotomized dichotomized   “sporties” 
      >=60 min/day <=2 hours   10.71 km/h [males] 
       screen   10.51 km/h [females] 
       time/day   “technoactives” 
          11.0 km/h [males] 
          10.57 km/h [females] 
          “screenies” 
          10.59 km/h [males] 
          10.1 km/h [females] 

Dollman 2006 Cross- Australia Children 843 Time-use diary/ Time-use N/A “sporties” p-value 
  sectional    dichotomized diary/   Males 
      >=60 min/day dichotomized   “technoactivies” [higher adiposity] 
       <=2 hours   .01 
       screen   Females 
       time/day   “screenies” [lower cardiorespiratory fitness] 
          .02 

Dollman 2006 Cross- Australia Children 843 Time-use diary/ Time-use N/A N/A Means [BMI] 
  sectional    dichotomized diary/   “sporties” 
      >=60 min/day dichotomized   10.71 km/h [males] 
       <=2 hours   10.51 km/h [females] 
       screen   “technoactives” 
       time/day   11.0 km/h [males] 
          10.57 km/h [females] 
          “screenies” 
          10.59 km/h [males] 
          10.1 km/h [females] 

Dowd 2016 Cross- Ireland Adolescents 195 Accelerometer/ Accelerometer/ N/A N/A Median [BMI percentile] 
  sectional    % total day % total day   “Low activity profile” 
          75 
          “Moderate activity profie” 
          69 
          “High activity profiles” 
          63.5 
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Drenowatz 2014 Cross- Germany Children 1594 Questionnaire/ Questionnaire/ N/A N/A Means [BMI percentile] 
  sectional    tertiles dichotomized   low PA/high ST 
       <=1 hours   54.6% 
       screen   low PA/low ST 
       time/day   46.4% 
          mod PA/high ST 
          51.9% 
          mod PA/low ST 
          45.9% 
          high PA/high ST 
          49.4% 
          high PA/low ST 
          43.4% 

Dumuid 2017 Cross- Australia Children 284 Accelerometer/ Accelerometer/ Accelerometer/ N/A Means [standarized test scores] 
  sectional    study-specific study-specific study-specific  “junk food screenies” 
          470 - 491 
          “all-rounders” 
          487 - 516 
          “actives” 
          476 - 502 

Dumuid 2017 Cross- Australia Children 284 Accelerometer/ Accelerometer/ Accelerometer/ N/A ß [adiposity] 
  sectional    study-specific study-specific study-specific  �;�6�%���9 MVPA 
          -2.15 - -1.54 
          �;�6�%���9 SLP 
          -.55 - -.2 

Dumuid 2017 Cross- Australia Children 284 Accelerometer/ Accelerometer/ Accelerometer/ N/A ß 
  sectional    study-specific study-specific study-specific  �; �6�%���9 remaining behaviors 
          -.1 [% fat mass] 
          .2 [% fat free mass] 
          �; �6�%���9 MVPA 
          -.8 - -.4 [% fat mass] 
          1.2 [% fat free mass] 
          �; �6�%���9 SLP 
          -.1 [% fat mass] 
          .2 [% fat free mass] 

Dumuid 2018 Cross- Australia, Canada, United Children 1728 Accelerometer/ Accelerometer/ Accelerometer/ N/A Means [standarized test scores] 
  sectional Kingdom, Finland   N/A N/A N/A  “junk food screenies” 
          470 - 491 
          “all-rounders” 
          487 - 516 
          “actives” 
          476 - 502 
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Dumuid 2018 Cross- 

sectional 

Australia, Canada, United 

Kingdom, Finland 

Children 1728 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

N/A ß [adiposity] 

�;�6�%���9 MVPA 

-2.15 - -1.54 

�;�6�%���9 SLP 
          -.55 - -.2 

Dumuid 2018 Cross- Australia, Canada, United Children 1728 Accelerometer/ Accelerometer/ Accelerometer/ N/A ß 
  sectional Kingdom, Finland   N/A N/A N/A  �; �6�%���9 remaining behaviors 
          -.1 [% fat mass] 
          .2 [% fat free mass] 
          �; �6�%���9 MVPA 
          -.8 - -.4 [% fat mass] 
          1.2 [% fat free mass] 
          �; �6�%���9 SLP 
          -.1 [% fat mass] 
          .2 [% fat free mass] 

Dumuid 2019 Cross- Australia Children 938 Accelerometer/ Accelerometer/ Accelerometer/ N/A Means [standarized test scores] 
  sectional    N/A N/A N/A  “junk food screenies” 
          470 - 491 
          “all-rounders” 
          487 - 516 
          “actives” 
          476 - 502 

Dumuid 2019 Cross- Australia Children 938 Accelerometer/ Accelerometer/ Accelerometer/ N/A ß [adiposity] 
  sectional    N/A N/A N/A  �;�6�%���9 MVPA 
          -2.15 - -1.54 
          �;�6�%���9 SLP 
          -.55 - -.2 

Dumuid 2019 Cross- Australia Children 938 Accelerometer/ Accelerometer/ Accelerometer/ N/A ß 
  sectional    N/A N/A N/A  �; �6�%���9 remaining behaviors 
          -.1 [% fat mass] 
          .2 [% fat free mass] 
          �; �6�%���9 MVPA 
          -.8 - -.4 [% fat mass] 
          1.2 [% fat free mass] 
          �; �6�%���9 SLP 
          -.1 [% fat mass] 
          .2 [% fat free mass] 
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Eisenmann 2008 Cross- United States Adolescents 12464 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 

sectional    bouts/week hours screen   mod PA/low ST 
    (>=30 min) time/day   .94 - 1.04 [males] 
    <2 <1   .6 - .9 [females] 
    3-5 2-3   low PA/low ST 
    6-7 >4   .87 - 1.08 [males] 
 1.02 - 1.48 [females] 

high PA/mod ST 

1.02 - 1.33 [males] 

1.24 - 1.28 [females] 

mod PA/mod ST 

1.09 - 1.2 [males] 

1.48 - 1.67 [females] 

low PA/mod ST 

.95 - 1.19 [males] 

1.25 - 2.09 [females] 

high PA/high ST 

1.22 - 1.24 [males] 

1.27 - 1.39 [females] 

mod PA/high ST 

1.32 - 1.34 [males] 

1.7 - 2.28 [females] 

low PA/high ST 

1.22 - 1.49 [males] 

2.03 - 3.11 [females] 
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Ekelund 2012 Meta- 

analysis 

Australia, Brazil, Europe, 

United States 

Both 6413 Accelerometer/ 

tertiles 

Accelerometer/ 

tertiles 

N/A N/A Means 

low PA/low SB 

70.4 cm [waist circumference] 

106.2 mmHg [systolic blood pressure] 

8.0 µIU/mL [fasting insulin] 

74.1 mg/dL [fasting triglycerides] 

53.5 mg/dL [HDL cholesterol] 

high PA/low SB 
64.8 cm [waist circumference] 

103.7 mmHg [systolic blood pressure] 

5.1 µIU/mL [fasting insulin] 

58.3 mg/dL [fasting triglycerides] 

57.8 mg/dL [HDL cholesterol] 

low PA/high SB 
69.1 cm [waist circumference] 

57.8 mg/dL [systolic blood pressure] 

5.7 µIU/mL [fasting insulin] 

68.3 mg/dL [fasting triglycerides] 

55.9 mg/dL [HDL cholesterol] 

high PA/high SB 
65 cm [waist circumference] 

104.6 mmHg [systolic blood pressure] 

3.4 µIU/mL [fasting insulin] 

58.9 mg/dL [fasting triglycerides] 

58.5 mg/dL [HDL cholesterol] 

Fairclough 2017 Cross- 

sectional 

England Children 169 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

N/A isometric log-ratio 

�;�6�%���9 MVPA 

-.11 - -.08 [adiposity] 

.57 - 1.95 [cardiorespiratory fitness] 

-1.11 - -.29 [health-related quality of life] 

Fairclough 2017 Cross- 

sectional 

England Children 169 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

N/A isometric log-ratio 

�; �0�9�3�$���9 SB 

-3.6 - 10.7 [adiposity] 

�; �6�%���9 MVPA 

1.3 [cardiorespiratory fitness] 

�; �6�%���9 SLP 

.05 - .1 [adiposity] 

0 [cardiorespiratory fitness] 

Fairclough 2018 Cross- 

sectional 

United Kingdom Children 243 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

N/A N/A isometric log-ratio 

�;�6�%���9 MVPA 

-.11 - -.08 [adiposity] 

.57 - 1.95 [cardiorespiratory fitness] 

-1.11 - -.29 [health-related quality of life] 
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Fairclough 2018 Cross- 

sectional 

United Kingdom Children 243 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

N/A N/A isometric log-ratio 

�; �0�9�3�$���9 SB 

-3.6 - 10.7 [adiposity] 

�; �6�%���9 MVPA 
          1.3 [cardiorespiratory fitness] 
          �; �6�%���9 SLP 
          .05 - .1 [adiposity] 
          0 [cardiorespiratory fitness] 

Faria 2020 Cross- Brazil Adolescents 217 Accelerometer/ Accelerometer/ N/A N/A Median 
  sectional    study-specific study-specific   high PA/low SB 
          21.4 [BMI] 
          105.5 mmHg [systolic blood pressure] 
          56 mmHg [diastolic blood pressure] 
          4.0 [common mental disorders score] 
          low PA/low SB 
          21.1 [BMI] 
          102.5 mmHg [systolic blood pressure] 
          57.2 mmHg [diastolic blood pressure] 
          6.0 [common mental disorders score] 
          low PA/high SB 
          20.4 [BMI] 
          104.2 mmHg [systolic blood pressure] 
          59.5 mmHg [diastolic blood pressure] 
          6.0 [common mental disorders score] 

Gaba 2020 Cross- Czech Republic Children 425 Accelerometer/ Accelerometer/ N/A N/A ß [adiposity] 
  sectional    N/A N/A   �;�6�%���9 MVPA 
          -11.9 - 17.7 

Garcia- 2017 Cross- Chile Children 395 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [academic performance] 

Hermoso  sectional    dichotomized dichotomized   low PA/high ST 
      >=2.17 (boys <=2 hours   .26 - .5 [males] 
      paq-a score) screen   .23 - .49 [females] 
      >=1.97 (girls time/day    

      (paq-a score)     
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Garcia- 

Hermoso 

2017 Cross- 

sectional 

Chile Children 395 Questionnaire/ 

dichotomized 

>=2.17 (boys 

paq-a score) 

>=1.97 (girls 

(paq-a score) 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

N/A N/A Means 

high PA/low ST 

8.57 [life satisfcation] 

4.49 [positive affect] 

1.84 [negative affect] 

high PA/low ST 
8.3 [life satisfcation] 

4.44 [positive affect] 

2.09 [negative affect] 

low PA/low ST 
7.89 [life satisfcation] 

4.21 [positive affect] 

1.85 [negative affect] 

high PA/high ST 
7.9 [life satisfcation] 

4.14 [positive affect] 

2.06 [negative affect] 

Garcia- 

Hermoso 

2020 Cross- 

sectional 

Chile Children 1540 Questionnaire/ 

study-specific 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

N/A high PA/low ST Odds ratios [academic performance] 

low PA/high ST 
.26 - .5 [males] 

.23 - .49 [females] 

Garcia- 

Hermoso 

2020 Cross- 

sectional 

Chile Children 1540 Questionnaire/ 

study-specific 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

N/A N/A Means 

high PA/low ST 

8.57 [life satisfcation] 

4.49 [positive affect] 

1.84 [negative affect] 

high PA/low ST 
8.3 [life satisfcation] 

4.44 [positive affect] 

2.09 [negative affect] 

low PA/low ST 
7.89 [life satisfcation] 

4.21 [positive affect] 

1.85 [negative affect] 

high PA/high ST 

7.9 [life satisfcation] 

4.14 [positive affect] 

2.06 [negative affect] 
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Gillis 2019 Cross- United States Adolescents 235 Questionnaire/ N/A Octagonal N/A Means [internalizing symptoms] 
  sectional    study-specific  basic  low PA/low SLP 
        motionloggers/  56.52 
        study-specific  low PA/high SLP 
          50.58 
          high PA/low SLP 
          48.0 
          high PA/high SLP 
          47.87 

Gordon- 2002 Longitudinal United States Adolescents 12759 Questionnaire/ Questionnaire/ N/A N/A Predicted probability [overweight] 

Larsen      bouts/week hours screen   low PA/high ST 
      low =1 time/week   8 - 27.8 [males] 
      high=7 low <7   5.2 - 21.5 [females] 
       high >35   high PA/low ST 
          9.1 - 12.3 [males] 
          3.4 - 12.3 [females] 

Guan 2020 Cross- China Children 254 Accelerometer/ Questionnaire/ Accelerometer/ low PA/high ST/low SLP Odds ratios [adiposity] 
  sectional    dichotomized dichotomized dichotomized  high PA/low ST/low SLP 
      >=3 h/day total <=1 hour 10-13 hour/day  1.19 
      pa & screen   high PA/high ST/high SLP 
      >= 1 h/day time/day   .56 
      mVPA    low PA/low ST/high SLP 
          .96 
          high PA/low ST/high SLP 
          .61 

Guerrero 2019 Cross- United States Children 4524 Questionnaire/ Questionnaire/ Questionnaire/ N/A ß 
  sectional    dichotomized dichotomized dichotomized  high PA/low ST/low SLP 
      >=60 min/day <=2 hours 9-11 hour/day  -.06 - .01 [impulsivity] 
       screen   .0 - 09 [perseverance and drive] 
       time/day   high PA/high ST/high SLP 
          -.04 - .74 [impulsivity] 
          .04 - .07 [perseverance and drive] 
          low PA/low ST/high SLP 
          -.15 - .81 [impulsivity] 
          -.1 - .1 [perseverance and drive] 
          high PA/low ST/high SLP 
          -.11 - .74 [impulsivity] 
          -.02 - .12 [perseverance and drive] 

Haapala 2017 Cross- Finland Children 153 Heart rate and Heart rate and N/A low PA/high SB Mean difference [academic performance] 
  sectional    movement movement  [compared to all other -10.6 - -1.3 
      sensor/ sensor/  combinations]  

      median median    
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Hamer 2009 Cross- 

sectional 

Scotland Children 1486 Questionnaire/ 

bouts/week (>15 

min) 
< 6 

7-9 

>=10 

Questionnaire/ 

study-specific 

N/A low PA/high ST ß [socio-emotional problems] 

mod PA/high ST 

-1.45 

high PA/high ST 

-2.74 

low PA/mod ST 

-1.81 

mod PA/mod ST 

-2.24 

high PA/mod ST 

-2.72 

low PA/low ST 

-2.63 

mod PA/low ST 

-2.59 

high PA/low ST 

-2.19 

Hansen 2018 Cross- Australia, Europe, United Adolescents, 18200 Accelerometer/ Accelerometer/ N/A N/A ß 
  sectional States Children  N/A N/A   �; �6�%���9 MVPA 

Children 

-.587 - -.287 [adiposity] 

-.097 - -.084 [systolic blood pressure] 

.006 [HDL-cholesterol] 

-.022 - -.012 [LDL cholesterol] 

-.019 - -.006 [triglycerides] 

-.85 - -.77 [insulin] 

-.016 - -.006 [glucose] 

Adolescents 
-.0814 [adiposity] 

-.24 [systolic blood pressure] 

0 [HDL-cholesterol] 
.003 [LDL cholesterol] 

-.007 [triglycerides] 

-.092 [insulin] 

-.015 [glucose] 
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Herman 2012 Cross- Canada Children 537 Accelerometer/ Accelerometer/ N/A high PA/low ST high Odds ratios [adiposity] 
  sectional    dichotomized dichotomized  PA/low SB high PA/high ST 
      >=60 min/day <=2 hours   3.24 - 7.14 
       screen   high PA/high SB 
       time/day   .65 - 2.39 
          low PA/low ST 
          2.17 - 7.57 
          low PA/low SB 
          .93 - 5.36 
          low PA/high ST 
          1.73 - 12.62 
          low PA/high SB 
          1.14 - 7.57 

Herman 2012 Cross- Canada Children 537 Accelerometer/ Accelerometer/ N/A N/A Prevalence [overweight] 
  sectional    dichotomized dichotomized   high PA/low ST 
      >=60 min/day <=2 hours   5.1% 
       screen   high PA/low SB 
       time/day   20.5% 
          high PA/high ST 
          18.1% 
          high PA/high SB 
          4.2% 
          low PA/low ST 
          31.2% 
          low PA/low SBA 
          38.1% 
          low PA/high ST 
          45.6% 
          low PA/high SB 
          37.2% 

Herman 2012 Cross- Canada Children 537 Accelerometer/ Accelerometer/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    dichotomized dichotomized   low PA/high ST 
      >=60 min/day <=2 hours   5.7 
       screen   low PA/low ST 
       time/day   4.0 
          high PA/high ST 
          4.4 
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Herman 2014 Cross- Canada Children 534 Accelerometer/ Accelerometer/ N/A high PA/low ST high Odds ratios [adiposity] 
  sectional    dichotomized tertiles,  PA/low SB high PA/high ST 
      >=60 min/day Questionnaire/   3.24 - 7.14 
       dichotomized   high PA/high SB 
       <=2 hours   .65 - 2.39 
       screen   low PA/low ST 
       time/day   2.17 - 7.57 
          low PA/low SB 
          .93 - 5.36 
          low PA/high ST 
          1.73 - 12.62 
          low PA/high SB 
          1.14 - 7.57 

Herman 2014 Cross- Canada Children 534 Accelerometer/ Accelerometer/ N/A N/A Prevalence [overweight] 
  sectional    dichotomized tertiles,   high PA/low ST 
      >=60 min/day Questionnaire/   5.1% 
       dichotomized   high PA/low SB 
       <=2 hours   20.5% 
       screen   high PA/high ST 
       time/day   18.1% 
          high PA/high SB 
          4.2% 
          low PA/low ST 
          31.2% 
          low PA/low SBA 
          38.1% 
          low PA/high ST 
          45.6% 
          low PA/high SB 
          37.2% 

Herman 2014 Cross- Canada Children 534 Accelerometer/ Accelerometer/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    dichotomized tertiles,   low PA/high ST 
      >=60 min/day Questionnaire/   5.7 
       dichotomized   low PA/low ST 
       <=2 hours   4.0 
       screen   high PA/high ST 
       time/day   4.4 
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Herman 2015 Cross- Canada Children 520 Accelerometer/ Accelerometer/ N/A high PA/low ST high Odds ratios [adiposity] 
  sectional    dichotomized dichotomized  PA/low SB high PA/high ST 
      >=60 min/day, <=2 hours   3.24 - 7.14 
      tertiles screen   high PA/high SB 
       time/day,   .65 - 2.39 
       tertiles   low PA/low ST 
          2.17 - 7.57 
          low PA/low SB 
          .93 - 5.36 
          low PA/high ST 
          1.73 - 12.62 
          low PA/high SB 
          1.14 - 7.57 

Herman 2015 Cross- Canada Children 520 Accelerometer/ Accelerometer/ N/A N/A Prevalence [overweight] 
  sectional    dichotomized dichotomized   high PA/low ST 
      >=60 min/day, <=2 hours   5.1% 
      tertiles screen   high PA/low SB 
       time/day,   20.5% 
       tertiles   high PA/high ST 
          18.1% 
          high PA/high SB 
          4.2% 
          low PA/low ST 
          31.2% 
          low PA/low SBA 
          38.1% 
          low PA/high ST 
          45.6% 
          low PA/high SB 
          37.2% 

Herman 2015 Cross- Canada Children 520 Accelerometer/ Accelerometer/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    dichotomized dichotomized   low PA/high ST 
      >=60 min/day, <=2 hours   5.7 
      tertiles screen   low PA/low ST 
       time/day,   4.0 
       tertiles   high PA/high ST 
          4.4 
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Heshmat 2016 Cross- 

sectional 

Iran Adolescents 5625 Questionnaire/ 

bouts/week (>30 

min) 
0-2 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

N/A high PA/low ST Odds ratios 

high PA/high ST 

1.13 - 1.57 [adiposity] 

.896 - .956 [cholesterol] 
      3-7 time/day   1.063 - 1.127 [fasting glucose] 

.737 - .991 [metabolic syndrome] 

1.243 - 1.583 [LDL-cholesterol] 

.709 - .766 [HDL-cholesterol] 

1.048 - 1.208 [systolic blood pressure] 

.586 - .952 [triglycerides] 

low PA/low ST 
1.07 - 1.29 [adiposity] 

.487 - .5 [cholesterol] 

.828 - .913 [fasting glucose] 

1.41 - 1.599 [metabolic syndrome] 

1.067 - 1.2 [LDL-cholesterol] 

1.187 - 1.219 [HDL-cholesterol] 

.906 - 1.063 [systolic blood pressure] 

.811 - .867 [triglycerides] 

low PA/high ST 
1.81 - 1.77 [adiposity] 

.598 - .647 [cholesterol] 

.912 - .971 [fasting glucose] 

1.536 - 1.571 [metabolic syndrome] 

1.645 - 1.991 [LDL-cholesterol] 

1.297 - 1.4 [HDL-cholesterol] 

.897 - .991 [systolic blood pressure] 

.984 - 1.157 [triglycerides] 

Hjorth 2014a Cross- Denmark Children 785 Accelerometer/ Accelerometer/ Accelerometer, increase PA/ decrease ß [MetS-score] 
  sectional    quartiles quartiles questionnaire/ 

quartiles 

SB/ increase SLP decrease PA/ 

increase SB/ 

decrease SLP 

3.31 

Hjorth 2014a Cross- Denmark Children 785 Accelerometer/ Accelerometer/ Accelerometer, high PA/low ST/high ß [adiposity] 
  sectional    quartiles quartiles questionnaire/ 

quartiles 

SLP high PA/low 

SB/high SLP 

low PA/high ST/low SLP 

1.52 

low PA/high SB/low SLP 

2.39 

Hjorth 2014b Longitudinal Denmark Children 632 Accelerometer/ 

tertiles 

Accelerometer, 

questionnaire/ 

tertiles 

Accelerometer/ 

tertiles 

increase PA/ decrease 

SB/ increase SLP 

ß [MetS-score] 

decrease PA/ 

increase SB/ 

decrease SLP 

3.31 
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Hjorth 2014b Longitudinal Denmark Children 632 Accelerometer/ Accelerometer, Accelerometer/ high PA/low ST/high ß [adiposity] 
      tertiles questionnaire/ tertiles SLP high PA/low low PA/high ST/low SLP 
       tertiles  SB/high SLP 1.52 
          low PA/high SB/low SLP 
          2.39 

Hormazabal- 2019 Cross- Chile Children 1540 Questionnaire/ Questionnaire/ N/A N/A p-value 

Aguayo  sectional    dichotomized 1-hour screen   high PA/high ST, 
      >=60 min/day time   high PA/low ST > 
       increments   low PA/high ST, 
          low PA/low ST [positive affect] 
          .001 
          low PA/high ST, 
          low PA/low ST> 
          high PA/high ST, 
          high PA/low ST [negative affect] 
          .017 

Hrafnkelsdottir 2018 Cross- Iceland Adolescents 244 Questionnaire/ Questionnaire/ N/A low PA/high ST Odds ratios [poor mental health] 
  sectional    dichotomzed median   low PA/low ST 
      >=4 x 15 m (screen time)   .26 - 1.25 
      VPA/weekk    high PA/high ST 
          .55 - 1.78 
          high PA/low ST 
          .06 - .57 

Huang 2016 Cross- Hong Kong Children 1020 Accelerometer/ Questionnaire/ Questionnaire/ N/A ß 
  sectional    N/A N/A N/A  �; �6�%���9 MVPA 
          -.3 
          �; �6�%���9 SLP 
          .09 

Ishii 2020 Longitudinal Japan Children 261 Questionnaire/ Questionnaire/ N/A low PA/high ST Odds ratios 
      dichotomized dichotomized   low PA/low ST 
      >=60 min/day <=2 hours   2.1 [males] 
       screen   1.84 [females] 
       time/day   high PA/high ST 
          .61 [males] 
          1.59 [females] 
          high PA/low ST 
          4.12 [males] 
          1.86 [females] 
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Jakubec 2020 Cross- Czech Republic Adolescents, 679 Accelerometer/ Questionnaire/ Accelerometer/ low PA/high ST/low SLP Odds ratios [adiposity] 
  sectional  Children  dichotomized dichotomized dichotomized  high PA/low ST/low SLP 
      >=60 min/day <=2 hours 9-11 hour/day  .42 - .84 [children] 
       screen   .22 - .59 [adolescents] 
       time/day   high PA/high ST/high SLP 
          .54 - 1.16 [children] 
          1.56 - 2.15 [adolescents] 
          low PA/low ST/high SLP 
          .32 - 1.13 [children] 
          .11 - .42 [adolescents] 
          high PA/low ST/high SLP 
          .26 - .34 [children] 
          .62 - 1.2 [adolescents] 

Janssen 2017 Cross- Canada Both 29206 Questionnaire/ Questionnaire/ Questionnaire/ N/A Means [z-scores] 
  sectional    dichotomized dichotomized dichotomized  high PA/high ST/high SLP 
      >=60 min/day <=2 hours 9-11 hour/day  -.19 [adiposity] 
       screen (6-13 year  .03 - .3 [socio-emotional problems] 
       time/day olds)  -.42 [well-being] 
        8-10 hour/day  low PA/low ST/high SLP 
        (14-17 year  .12 [adiposity] 
        olds)  -.05 - .26 [socio-emotional problems] 
          -.45 [well-being] 
          high PA/low ST/low SLP 
          .17 [adiposity] 
          .08 - .31 [socio-emotional problems] 
          -.53 [well-being] 
          high PA/low ST/high SLP 
          -.26 [adiposity] 
          .08 - .1 [socio-emotional problems] 
          -.29 [well-being] 

Jones 2019 Cross- Norway Children 880 Accelerometer/ Accelerometer/ N/A N/A ß 
  sectional    N/A N/A   �;�6�%���9 MVPA 
          -1.04 - - .09 [adiposity] 
          1.87 - 3.57 [cardiorespiratory fitness] 

Jones 2019 Cross- Norway Children 880 Accelerometer/ Accelerometer/ N/A N/A ß 
  sectional    N/A N/A   �; �6�%���9 MVPA 
          -.213 - .194 [non-HDL cholesterol] 
          -.099 - .174 [HDL-cholesterol] 

Jones 2020 Cross- New Zealand Children 443 Accelerometer/ Accelerometer/ N/A N/A ß 
  sectional    N/A N/A   �;�6�%���9 MVPA 
          -1.04 - - .09 [adiposity] 
          1.87 - 3.57 [cardiorespiratory fitness] 
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Jones 2020 Cross- 

sectional 

New Zealand Children 443 Accelerometer/ 

N/A 

Accelerometer/ 

N/A 

N/A N/A ß 

�; �6�%���9 MVPA 

-.213 - .194 [non-HDL cholesterol] 

-.099 - .174 [HDL-cholesterol] 

Kantomaa 2016 Cross- Finland Adolescents 8061 Questionnaire/ Questionnaire/ Questionnaire/ “sedentary TV viewers” Odds ratios [academic performance] 
  sectional    tertiles hour/day hour/day  “generally inactive” 
       <1 <8  1.02 
       1-2 8  “moderately active readers” 
       >2 hour/day >8 hour/day  1.81 
          “active sports clubbers” 
          1.98 
          “generally active” 
          2.02 

Katzmarzyk 2015 Cross- Australia, Brazil, Canada, Children 6539 Accelerometer/ Accelerometer, N/A N/A Means [BMI z-score] 
  sectional China, Colombia, Finland,   tertiles questionnaire/   low PA/low SB 
   India, Kenya, Portugal, South    tertiles   1.15 [males] 
   Africa, United Kingdom, United       .91 [females] 
   States       mod PA/low SB 
 .75 [males] 

.52 [females] 

high PA/low SB 

.24 [males] 

.09 [females] 

low PA/mod SB 

.99 [males] 

.69 [females] 

mod PA/mod SB 

.52 [males] 

.46 [females] 

high PA/mod SB 

.19 [males] 

.21 [females] 

low PA/high SB 

.77 [males] 

.48 [females] 

mod PA/high SB 

.38 [males] 

.34 [females] 

high PA/high SB 

.2 [males] 

.2 [females] 
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Keane 2017 Cross- Ireland Both 10474 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [poor well-being] 
  sectional    dichotomized dichotomized   low PA/low ST 
      >=60 min/day <=2 hours   .92 - 1.28 
       screen   high PA/high ST 
       time/day   1.29 - 1.78 
          low PA/high ST 
          1.16 - 1.61 

Khan 2018 Cross- Bangladesh Adolescents 671 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [socio-emotional problems] 
  sectional    dichotomized dichotomized   high PA/high ST 
      >=60 min/day <=2 hours   .83 
       screen   low PA/low ST 
       time/day   1.56 
          low PA/high ST 
          1.61 

Kidokoro 2019 Cross- Japan, Hong Kong, China, Children 9553 Questionnaire/ Questionnaire/ N/A N/A Means [PACER z-score] 
  sectional Taiwan, Thailand, Malaysia,   min/day hours screen   low PA/high ST 
   South Korea, Singapore   < 30 time/day   -.32 - .02 [males] 
      30-60 <1   -.26 - -.04 [females] 
      60-90 1-2   low PA/low ST 
      >=90 2-3   -.27 - -.03 [males] 
       >=3   -.14 - .1 [females] 
          high PA/high ST 
          .1 - .46 [males] 
          .11 - .77 [females] 
          high PA/low ST 
          .12 - .6 [males] 
          .19 - .69 [females] 

Kim 2016 Cross- United States Adolescents 12081 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    study-specific study-specific   high PA/high ST 
          2.7 
          low PA/high ST 
          4.7 
          low PA/low ST 
          2.1 
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Lacy 2012 Cross- Australia Adolescents 2995 Questionnaire/ Questionnaire/ N/A low PA/high ST ß [health-related quality of life] 
  sectional    dichotomized dichotomized   high PA/high ST 
      active every <=2 hours   3.3 [males] 
      school day screen   3.83 [females] 
       time/day   low PA/low ST 
          3.19 [males] 
          3.68 [females] 
          high PA/low ST 
          6.63 [males] 
          7.58 [females] 

Lane 2014 Cross- Ireland Children 7035 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    bouts/week dichotomized   low PA/low ST 
      0-8 <=3 hours   1.38 
      >=9 screen   high PA/high ST 
       time/day   1.63 
          low PA/high ST 
          2.07 

Laurson 2008 Cross- United States Children 709 Pedometer/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    step dichotomized   low PA/high ST 
      recommendation <=2 hours   2.6 [males] 
      13000 (boys) screen   2.56 [females] 
      11000 (girls) time/day   high PA/high ST 
          1.59 [males] 
          1.32 [females] 
          low PA/high ST 
          4.39 [males] 
          3.0 [females] 
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Laurson 2008 Cross- 

sectional 

United States Children 709 Pedometer/ 

step 

recommendation 

13000 (boys) 
11000 (girls) 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

N/A high PA/low ST/high 

SLP 

Odds ratios [adiposity] 

high PA/low ST/low SLP 

1.5 [males] 

1.1 [females] 

high PA/high ST/high SLP 

1.8 [males] 

1.5 [females] 

high PA/high ST/low SLP 

1.6 [males] 

2.2 [females] 

low PA/low ST/high SLP 

2.3 [males] 

2.2 [females] 

low PA/low ST/low SLP 

1.9 [males] 

2.5 [females] 

low PA/high ST/high SLP 

3.3 [males] 

2.6 [females] 

low PA/high ST/low SLP 

4.0 [males] 

3.8 [females] 

Laurson 2015 Cross- 

sectional 

United States Adolescents 9589 Questionnaire/ 

dichotomized 
>=60 min/day 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

Questionnaire/ 

dichotomized 
>=8 hour/day 

high PA/low ST Odds ratios [adiposity] 

low PA/high ST 
2.6 [males] 

2.56 [females] 

high PA/high ST 
1.59 [males] 

1.32 [females] 

low PA/high ST 
4.39 [males] 

3.0 [females] 
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Laurson 2015 Cross- United States Adolescents 9589 Questionnaire/ Questionnaire/ Questionnaire/ high PA/low ST/high Odds ratios [adiposity] 
  sectional    dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

>=8 hour/day 

SLP high PA/low ST/low SLP 

1.5 [males] 

1.1 [females] 

high PA/high ST/high SLP 

1.8 [males] 

1.5 [females] 

high PA/high ST/low SLP 

1.6 [males] 

2.2 [females] 

low PA/low ST/high SLP 

2.3 [males] 

2.2 [females] 

low PA/low ST/low SLP 

1.9 [males] 

2.5 [females] 

low PA/high ST/high SLP 

3.3 [males] 

2.6 [females] 

low PA/high ST/low SLP 

4.0 [males] 

3.8 [females] 

Lee 2014 Longitudinal United States Adolescents 3717 Questionnaire, 

interview/ 

study-specific 

Questionnaire, 

interview/ 

study-specific 

(screen time) 

N/A low PA/low ST Mean differences [adiposity] 

high PA/low ST 

-.56 - -.53 

low PA/high ST 

.46 - .51 

Odds ratios [diabetes diagnosis] 

high PA/low ST 
.87 

low PA/high ST 

1.69 

Lee 2014 Longitudinal United States Adolescents 3717 Questionnaire, 

interview/ 

study-specific 

Questionnaire, 

interview/ 

study-specific 

(screen time) 

N/A those who do no meet 

all guidelines 

Odds ratios [well-being] 

high PA/low ST/high SLP 

1.29 - 1.46 
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Lee 2018 Cross- South Korea Adolescents 50987 Questionnaire/ Questionnaire/ Questionnaire/ low PA/low ST Mean differences [adiposity] 
  sectional    dichotomized dichotomized dichotomized  high PA/low ST 
      >=60 min/day <=2 hours 9-11 hour/day  -.56 - -.53 
       screen (6-13 year  low PA/high ST 
       time/day olds)  .46 - .51 
        8-10 hour/day  Odds ratios [diabetes diagnosis] 
        (14-17 year  high PA/low ST 
        olds)  .87 
          low PA/high ST 
          1.69 

Lee 2018 Cross- South Korea Adolescents 50987 Questionnaire/ Questionnaire/ Questionnaire/ those who do no meet Odds ratios [well-being] 
  sectional    dichotomized dichotomized dichotomized all guidelines high PA/low ST/high SLP 
      >=60 min/day <=2 hours 9-11 hour/day  1.29 - 1.46 
       screen (6-13 year   

       time/day olds)   

        8-10 hour/day   

        (14-17 year   

        olds)   

Lien 2020 Cross- Canada Adolescents, 10160 Questionnaire/ Questionnaire/ Questionnaire/ N/A ß [academic performance] 
  sectional  Children  dichotomized dichotomized dichotomized  high PA/low ST/low SLP 
      >=60 min/day <=2 hours 9-11 hour/day  -.005 - .017 
       screen (6-13 year  high PA/high ST/high SLP 
       time/day olds)  -.002 - .042 
        8-10 hour/day  low PA/low ST/high SLP 
        (14-17 year  .022 - .028 
        olds)  high PA/low ST/high SLP 
          .038 - .077 

Liu 2019 Cross- China Adolescents 13163 Questionnaire/ Questionnaire/ N/A N/A Means 
  sectional    bouts/week hour screen   Males 
      0 time/day   high PA/low ST 
      1-3 0   16.64 [depression] 
      >3 <1   32.98 [anxiety] 
       1-2   7.7 [physical symptoms] 
       >=2   9.25 [social anxiety] 
          10.15 [harm avoidance] 
          5.96 [separation anxiety] 
          6.08 [self-injurious behavior] 
          low PA/low ST 
          16.4 [depression] 
          32.75 [anxiety] 
          7.6 [physical symptoms] 
          9.06 [social anxiety] 
          10.1 [harm avoidance] 
          6.04 [separation anxiety] 
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6.0 [self-injurious behavior] 

low PA/high ST 
19.18 [depression] 

36.61 [anxiety] 

9.52 [physical symptoms] 

9.72 [social anxiety] 

10.03 [harm avoidance] 

7.14 [separation anxiety] 

6.62 [self-injurious behavior] 

low PA/mod ST 
17.37 [depression] 

35.27 [anxiety] 

8.71 [physical symptoms] 

9.58 [social anxiety] 

10.16 [harm avoidance] 

6.86 [separation anxiety] 

6.45 [self-injurious behavior] 

Females 

high PA/low ST 

17.43 [depression] 

40.42 [anxiety] 

9.34 [physical symptoms] 

11.12 [social anxiety] 

11.8 [harm avoidance] 

8.23 [separation anxiety] 

6.36 [self-injurious behavior] 

low PA/low ST 
18.22 [depression] 

41.21 [anxiety] 

9.87 [physical symptoms] 

11.3 [social anxiety] 

11.8 [harm avoidance] 

8.84 [separation anxiety] 

6.52 [self-injurious behavior] 

low PA/high ST 

20.69 [depression] 

42.5 [anxiety] 

10.74 [physical symptoms] 

11.95 [social anxiety] 

11.75 [harm avoidance] 

8.58 [separation anxiety] 

7.41 [self-injurious behavior] 

low PA/mod ST 
18.66 [depression] 

39.23 [anxiety] 

9.56 [physical symptoms] 

10.73 [social anxiety] 
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 10.89 [harm avoidance] 

8.15 [separation anxiety] 

6.61 [self-injurious behavior] 

Loprinzi 2015 Cross- United States Adolescents, 2856 Accelerometer/ Accelerometer/ N/A low PA/high SB ß [adiposity] 
  sectional  Children  dichotomized sedentary   �; �6�%���9 PA 
      >=60 min/day behavior   -7.33 - -1.2 
       >/< light   Children 
       physical   high PA/low SB 
       activity   -9.3 - -2.2 [children] 
          -3.7 - .2 [adolescents] 
          high PA/high SB 
          -7.2 - -1.8 [children] 
          -.2 - 1.1 [adolescents] 
          low PA/low SB 
          -3.7 - -.7 [children] 
          -.65 - .1 [adolescents] 

Maher 2012 Cross- Australia Children 2200 Time-use diary/ Time-use N/A N/A Means [standarized test scores] 
  sectional    dichotomized diary/   high PA/low SB 
      >=60 min/day dichotomized   485 
       <=120 m   low PA/low SB 
       screen   471 
       time/day   low PA/high SB 
          502 
          high PA/high SB 
          504 

Maher 2012 Cross- Australia Children 2200 Time-use diary/ Time-use N/A high PA/low ST Odds ratios [adiposity] 
  sectional    dichotomized diary/   low PA/ low ST 
      >=60 min/day dichotomized   .89 - 1.78 [females] 
       <=120 m   high PA/high ST 
       screen   1.37 - 2.51 [males] 
       time/day   1.68 - 1.89 [females] 
          low PA/high ST 
          2.2 - 2.55 [males] 
          1.17 - 2.67 [females] 

Maher 2016 Cross- Australia Children 285 Accelerometer/ Accelerometer/ N/A N/A Means [standarized test scores] 
  sectional    median median   high PA/low SB 
          485 
          low PA/low SB 
          471 
          low PA/high SB 
          502 
          high PA/high SB 
          504 
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Maher 2016 Cross- Australia Children 285 Accelerometer/ Accelerometer/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    median median   low PA/ low ST 
          .89 - 1.78 [females] 
          high PA/high ST 
          1.37 - 2.51 [males] 
          1.68 - 1.89 [females] 
          low PA/high ST 
          2.2 - 2.55 [males] 
          1.17 - 2.67 [females] 

Marques 2015 Cross- Portugal Children 2506 Accelerometer/ Accelerometer/ N/A low PA/high SB Odds ratios 
  sectional    dichotomized median   low PA/low SB 
      >=60 min/day    .97 [adiposity] 
          .76 - 1.46 [muscular physical fitness] 
          high PA/high SB 
          1.44 [adiposity] 
          .97 - 1.85 [muscular physical fitness] 
          high PA/low SB 
          1.35 [adiposity] 
          1.18 - 2.55 [muscular physical fitness] 

Martinez- 2011 Cross- Sweden, Greece, Italy, Spain, Adolescents 1808 Accelerometer/ Accelerometer/ N/A N/A Means [cardiorespiratory fitness] 

Gomez  sectional Hungary, Belgium, France,   dichotomized study-specific   low PA/low SB 
   Germany, Austria   >=60 min/day    38.55 ml/kg/min 
          low PA/high SB 
          37.31 ml/kg/min 
          high PA/low SB 
          39.72 ml/kg/min 
          high PA/high SB 
          39.01 ml/kg/min 

Matin 2017 Cross- Iran Children 13486 Questionnaire/ Questionnaire/ N/A low PA/low ST Odds ratios [well-being] 
  sectional    hour/week dichotomized   mod PA/low ST 
      <2 <=2 hours   1.13 - 1.3 
      2-4 screen   high PA/low ST 
      >4 time/day   1.37 - 1.5 
          low PA/high ST 
          .91 - 1.06 
          mod PA/high ST 
          1.14 - 1.3 
          high PA/high ST 
          1.27 - 1.47 
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Melkevik 2010 Cross- Norway Adolescents 4848 Questionnaire/ Questionnaire/ N/A N/A ß [adiposity] 
  sectional    study-specific study-specific   low PA/high ST 
       (screen time)   .07 - .09 [males] 
          .07 -.09 [females] 
          high PA/high ST 
          high PA/high ST 
          .04 - .06 [males] 
          .15 - .18 [females] 

Melkevik 2010 Cross- Norway Adolescents 4848 Questionnaire/ Questionnaire/ N/A very high PA/most ST Odds ratios [adiposity] 
  sectional    study-specific study-specific   high PA/mod ST 
       (screen time)   1 [males] 
          1.26 [females] 
          mod PA/mod ST 
          1.18 [males] 
          1.18 [females] 
          low PA/low ST 
          1.35 [males] 
          1.36 [females] 
          low PA/high ST 
          1.62 [males] 
          1.59 [females] 
          low PA/very high ST 
          1.82 [males] 
          2.01 [females] 

Melkevik 2010 Cross- Norway Adolescents 4848 Questionnaire/ Questionnaire/ N/A very high PA/mod ST Odds ratios [adiposity] 
  sectional    study-specific study-specific   high PA/mod ST 
       (screen time)   1.0 [males] 
 1.26 [females] 

mod PA/mod ST 

1.18 [males] 

1.18 [females] 

low PA/low ST 

1.35 [males] 

1.36 [females] 

low PA/high ST 

1.62 [males] 

1.59 [females] 

low PA/very high ST 

1.82 [males] 

2.01 [females] 
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Melkevik 2015 Cross- United States, Greece, Adolescents 107184 Questionnaire/ Questionnaire/ N/A N/A ß [adiposity] 
  sectional Slovenia, Croatia, Portugal,   dichotomized dichotomized   low PA/high ST 
   Spain, Italy, Poland, Czech   >=60 min/day <=2 hours   .07 - .09 [males] 
   Republic, Finland, Hungary,    screen   .07 -.09 [females] 
   Israel, Iceland, Luxembourg,    time/day   high PA/high ST 
   Romania, Macedonia,       high PA/high ST 
   Germany, Estonia, Slovakia,       .04 - .06 [males] 
   Turkey, Belgium, Latvia,       .15 - .18 [females] 
   Norway, Switzerland, Sweden,        

   United Kingdom, Ukraine,        

   France, Denmark, Russia        

   Federation, Netherlands        

Melkevik 2015 Cross- United States, Greece, Adolescents 107184 Questionnaire/ Questionnaire/ N/A very high PA/most ST Odds ratios [adiposity] 
  sectional Slovenia, Croatia, Portugal,   dichotomized dichotomized   high PA/mod ST 
   Spain, Italy, Poland, Czech   >=60 min/day <=2 hours   1 [males] 
   Republic, Finland, Hungary,    screen   1.26 [females] 
   Israel, Iceland, Luxembourg,    time/day   mod PA/mod ST 
   Romania, Macedonia,       1.18 [males] 
   Germany, Estonia, Slovakia,       1.18 [females] 
   Turkey, Belgium, Latvia,       low PA/low ST 
   Norway, Switzerland, Sweden,       1.35 [males] 
   United Kingdom, Ukraine,       1.36 [females] 
   France, Denmark, Russia       low PA/high ST 
   Federation, Netherlands       1.62 [males] 
          1.59 [females] 
          low PA/very high ST 
          1.82 [males] 
          2.01 [females] 

Melkevik 2015 Cross- United States, Greece, Adolescents 107184 Questionnaire/ Questionnaire/ N/A very high PA/mod ST Odds ratios [adiposity] 
  sectional Slovenia, Croatia, Portugal,   dichotomized dichotomized   high PA/mod ST 
   Spain, Italy, Poland, Czech   >=60 min/day <=2 hours   1.0 [males] 
   Republic, Finland, Hungary,    screen   1.26 [females] 
   Israel, Iceland, Luxembourg,    time/day   mod PA/mod ST 
   Romania, Macedonia,       1.18 [males] 
   Germany, Estonia, Slovakia,       1.18 [females] 
   Turkey, Belgium, Latvia,       low PA/low ST 
   Norway, Switzerland, Sweden,       1.35 [males] 
   United Kingdom, Ukraine,       1.36 [females] 
   France, Denmark, Russia       low PA/high ST 
   Federation, Netherlands       1.62 [males] 
          1.59 [females] 
          low PA/very high ST 
          1.82 [males] 
          2.01 [females] 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  

 



Physical  Sedentary  
281 

 

 
 

Mielke 2019 Longitudinal Brazil Adolescents, 

Children 

3613 Questionnaire/ 

dichotomized 

>=60 min/day 

Questionnaire/ 

dichotomized 

<=5 hours 

screen 

time/day 

N/A high PA/low ST ß 

high PA/high ST 

.01 - .635 [adiposity] 

-.51 - -.034 [triglycerides] 

-.049 - -.009 [glucose] 

-.02 - 0 [non-HDL] 

-.174 - .55 [diastolic blood pressure] 

low PA/low ST 
-.303 - .11 [adiposity] 

-.52 - -.001 [triglycerides] 

-.032 - .046[glucose] 

0 - 0.1 [non-HDL] 

.25 - .56 [diastolic blood pressure] 

low PA/high ST 
-.343 - .07 [adiposity] 

-.52 - -.005 [triglycerides] 

-.082 - .058 [glucose] 

.02 - .031 [non-HDL] 

-.576 - .59 [diastolic blood pressure] 

Monda 2005 Cross- 

sectional, 

Longitudinal 

China Children 2282 Questionnaire/ 

study-specific 

Questionnaire/ 

study-specific 

N/A low PA/low SB Odds ratios [adiposity] 

low PA/mod SB 
.2 - .75 

low PA/high SB 

.39 - .68 

mod PA/mod SB 

.18 - .29 

mod PA/high SB 

.17 - .47 

high PA/mod SB 

.22 - .36 

high PA/high SB 

.08 - .16 

Moore 2013 Cross- 

sectional 

United States Children 285 Accelerometer/ 

median 

Accelerometer/ 

median 

N/A N/A ß [cardiorespiratory fitness] 

high PA/low SB 

-8.6 

high PA/high SB 

-10.2 
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Mota 2014 Cross- Portugal Children 627 N/A Questionnaire/ Questionnaire/ low ST/high SLP Odds ratios [elevated blood pressure] 
  sectional     dichotomized dichotomized  high ST/low SLP 
       <=1 hours >=10.5  2.4 
       screen hour/day  low ST/low SLP 
       time/day   2.4 
          high ST/high SLP 
          1.5 

Motamed- 2019 Cross- Iran Children 23043 Questionnaire/ Questionnaire/ N/A low PA/low ST ß [health-related quality of life] 

Gorji  sectional    dichotomized dichotomized   low PA/high ST 
      >=2 paq-a score <=2 hours   -1.8 - -.72 
       screen   high PA/low ST 
       time/day   1.1 - 3.5 
          high PA/high ST 
          0 - 3.1 

Moura 2019 Cross- Brazil Adolescents 84 Accelerometer/ Accelerometer/ N/A N/A ß 
  sectional    N/A N/A   �;�6�%���9 MVPA 
          -.95 - 1.02 [adiposity] 
          2.21 - 12.92 [total cholesterol] 
          .96 - 1 [HDL-cholesterol] 
          1.19 - 14.05 [Non-HDL-cholesterol] 
          1.07 - 12.71 [LDL-cholesterol] 
          1.01 -1.08 [triglycerides] 
          .21 - 1.09 [glucose] 
          1.03 - 1.45 [insulin] 
          1.03 - 1.45 [HOMA insulin resistance] 
          .69 - .97 [HOMA insulin sensitivity] 
          1.02 - 1.24 [HOMA beta cell function] 
          .33 - 4.0 [systolic blood pressure] 
          .12 - 1.43 [diastolic blood pressure] 
          .01 - .14 [cardiometabolic risk score] 

Ogawa 2019 Cross- Japan Adolescents 983 Questionnaire/ N/A Questionnaire/ N/A ß 
  sectional    study-specific,  dichotomized  low PA/high SLP 
      dichotomized  8-10 hour/day  -.66 - -.6 
      >=60 min/day    high PA/high /SLP 
          -.48 - -.24 

Omorou 2016 Longitudinal France Adolescents 1445 Questionnaire/ Questionnaire/ N/A high PA/low SB ß [health-related quality of life] 
      dichotomized dichotomized   mod PA/mod SB 
      >=60 min/day <=7 hour/day   -4.9 - -3.6 
          low PA/high SB 
          -7 - - 3 
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Parker 2019 Cross- Australia Adolescents 473 Accelerometer/ Accelerometer/ N/A N/A Prevalence 
  sectional    N/A N/A   high PA/high SB 
          30% [overweight] 
          52.2% [mostly A/Bs] 
          mod PA/high ST 
          27.2% [overweight] 
          46.8% [mostly A/Bs] 
          high PA/low SB 
          10.9% [overweight] 
          58.5% [mostly A/Bs] 

Patnode 2011 Cross- United States Adolescents 720 Accelerometer, Questionnaire/ N/A N/A Prevalence [overweight] 
  sectional    questionnaire/ dichotomized   “sedentary” 
      dichotomized <=2 hours   36% [males] 
      >= 30 min/day screen   29.9% [females] 
       time/day   “active” 
          22.7% [males] 
          15.3% [females] 
          “low media/moderate activity” 
          26.6% [males] 
          20.0% [females] 

Perez 2011 Cross- United States Children 23190 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional    dichotomized hours screen   low PA/low ST 
      >=60 min/day, time/week   .52 - 1.11 [males] 
      Questionnaire/ low < =2   .72 - 1.8 [females] 
      dichotomized high >=3,   high PA/high ST 
      >=60 min/day, Questionnaire/   .68 - 1.72 [males] 
      participation in: study-specific   .77 - 1.13 [females] 
      organized pa (screen time)   low PA/high ST 
      resistance    .84 - 1.92 [males] 
      exercises,    .7 - 1.45 [females] 
      pe,     

      sports     

Pérez-Rodrigo 2016 Cross- Spain Adolescents, 424 Interview, Questionnaire/ Questionnaire/ “healthier lifestyle” Odds ratios [adiposity] 
  sectional  Children  accelerometer/ study-specific study-specific [compared to those not 1.07 [children] 
      study-specific   in this cluster] 2 [adolescents] 
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Pitanga 2019 Cross- Brazil Adolescents 613 Questionnaire/ Questionnaire/ N/A low PA/high ST Odds ratios [adiposity] 
  sectional    study-specific dichotomized   high PA/low ST 
       <=4 hours   .31 - .69 [males] 
       screen   .87 - 1.3 [females] 
       time/day   low PA/low ST 
          .68 - 1.15 [males] 
          .93 - 1.02 [females] 
          high PA/high ST 
          .55 [males] 
          1.19 - 1.81 [females] 

Porter 2017 Cross- United States Children 451 Questionnaire/ Questionnaire/ N/A low PA/high SB Odds ratios [cardiorespiratory fitness] 
  sectional    dichotomized median   low PA/low SB 
      >=60 min/day    1.85 [males] 
          .7 [females] 
          high PA/high SB 
          5.01 [males] 
          1.76 [females] 
          high PA/low SB 
          1.25 [males] 
          1.88 [females] 

Rendo- 2015 Cross- Greece, Germany, Belgium, Adolescents 769 Accelerometer, Questionnaire/ N/A low PA/high ST ß 

Urteaga  sectional France, Hungary, Italy,   questionnaire/ dichotomized   low PA/low ST 
   Sweden, Austria, Spain   dichotomized <=2 hours   .03 [adiposity] 
      >=60 min/day or screen   .35 [HOMA Index] 
      >=30 m VPA/day time/day   -1.2 [systolic blood pressure] 
 -.27 [cholesterol] 

.04 [triglycerides] 

-.38 [cardiorespiratory fitness] 

high PA/high ST 

.15 [adiposity] 

-.07 [HOMA Index] 

-.21 [systolic blood pressure] 

.11 [cholesterol] 

-.03 [triglycerides] 

-.16 [cardiorespiratory fitness] 

high PA/low ST 

-.19 [adiposity] 

-.2 [HOMA Index] 

-.28 [systolic blood pressure] 

-.05 [cholesterol] 

-.13 [triglycerides] 

.15 [cardiorespiratory fitness] 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  

 



Physical  Sedentary  
285 

 

 
 

Roman-Viñas 2016 Cross- Australia, Brazil, Canada, Children 6128 Accelerometer/ Questionnaire/ Accelerometer/ low PA/high ST/low SLP Odds ratios [adiposity] 
  sectional China, Colombia, Finland,   dichotomized dichotomized dichotomized  high PA/low ST/high SLP 
   India, Kenya, Portugal, South   >=60 min/day <=2 hours 9-11 hour/day  .38 [males] 
   Africa, United Kingdom, United    screen   .11 [females] 
   States    time/day    

Sampasa- 2017 Cross- Australia, Australia, Brazil, Children 6106 Accelerometer/ Questionnaire/ Accelerometer/ low PA/high ST/low SLP Odds ratios [poor mental health] 

Kanyinga  sectional Canada, China, Colombia,   dichotomized dichotomized dichotomized  high PA/low ST/low SLP 
   Finland, India, Kenya,   >=60 min/day <=2 hours 9-11 hour/day  .47 - 1.13 [male children] 
   Portugal, South Africa, United    screen   .41 -.57 [female children] 
   Kingdom, United States, Brazil,    time/day   .4 - .58 [male adolescents] 
   Canada, China, Colombia,       .62 - 1.63 [female adolescents] 
   Finland, India, Kenya,       high PA/high ST/low SLP 
   Portugual, South Africa, United       1.43 - 1.54[male children] 
   Kingdom, United States       .42 - 1.49 [female children] 
          1.28 - 2.92 [male adolescents] 
          .86 - 1.68 [female adolescents] 
          low PA/low ST/high SLP 
          1.04 - 2.98 [male children] 
          .44 - 1.26 [female children] 
          .55 - 1.54 [male adolescents] 
          .55 - .72 [female adolescents] 
          high PA/low ST/high SLP 
          .7 - 1.84 [male children] 
          .86 - 1.03 [female children] 
          .08 -.24 [male adolescents] 
          .49 - .68 [female adolescents] 

Sampasa- 2017 Cross- Australia, Australia, Brazil, Children 6106 Accelerometer/ Questionnaire/ Accelerometer/ N/A Means [health-related quality of life] 

Kanyinga  sectional Canada, China, Colombia,   dichotomized dichotomized dichotomized  high PA/low ST/low SLP 
   Finland, India, Kenya,   >=60 min/day <=2 hours 9-11 hour/day  50.9 [males] 
   Portugal, South Africa, United    screen   50.1 [females] 
   Kingdom, United States, Brazil,    time/day   high PA/high ST/high SLP 
   Canada, China, Colombia,       50.6 [males] 
   Finland, India, Kenya,       50.2 [females] 
   Portugual, South Africa, United       low PA/low ST/high SLP 
   Kingdom, United States       51 [males] 
          51.3 [females] 
          high PA/low ST/high SLP 
          50.7 [males] 
          51.7 [females] 
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Sampasa- 2020 Cross- Canada Adolescents, 10183 Questionnaire/ Questionnaire/ Questionnaire/ low PA/high ST/low SLP Odds ratios [poor mental health] 

Kanyinga  sectional  Children  dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

9-11 hour/day 

(6-13 year 

olds) 
8-10 hour/day 

(14-17 year 

olds) 

 high PA/low ST/low SLP 

.47 - 1.13 [male children] 

.41 -.57 [female children] 

.4 - .58 [male adolescents] 

.62 - 1.63 [female adolescents] 

high PA/high ST/low SLP 
1.43 - 1.54[male children] 

.42 - 1.49 [female children] 

1.28 - 2.92 [male adolescents] 

.86 - 1.68 [female adolescents] 

low PA/low ST/high SLP 
1.04 - 2.98 [male children] 

.44 - 1.26 [female children] 

.55 - 1.54 [male adolescents] 

.55 - .72 [female adolescents] 

high PA/low ST/high SLP 

.7 - 1.84 [male children] 

.86 - 1.03 [female children] 

.08 -.24 [male adolescents] 

.49 - .68 [female adolescents] 

Sampasa- 2020 Cross- Canada Adolescents, 10183 Questionnaire/ Questionnaire/ Questionnaire/ N/A Means [health-related quality of life] 

Kanyinga  sectional  Children  dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

9-11 hour/day 

(6-13 year 

olds) 
8-10 hour/day 

(14-17 year 

olds) 

 high PA/low ST/low SLP 

50.9 [males] 

50.1 [females] 

high PA/high ST/high SLP 

50.6 [males] 

50.2 [females] 

low PA/low ST/high SLP 

51 [males] 
51.3 [females] 

high PA/low ST/high SLP 

50.7 [males] 

51.7 [females] 

Sánchez- 2018 Cross- Spain Adolescents, 1263 Accelerometer/ Accelerometer/ N/A N/A Means [body fat percentage] 

Oliva  sectional, 

Longitudinal 

 Children  study-specific study-specific   “healthy lifestyle” 

24.08% [children] 

21.22% [adolescents] 

“high screen” 

23.95% 

21.03 % [adolescents] 
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Sánchez- 2018 Cross- Spain Adolescents, 1263 Accelerometer/ Accelerometer/ N/A N/A Means 

Oliva  sectional,  Children  study-specific study-specific   “highly sedentary” 
  Longitudinal        44.91 [health-related quality of life] 
          2.3 [positive affect] 
          1.71 [negative affect] 
          “sedentary” 
          45.78 [health-related quality of life] 
          2.31 [positive affect] 
          1.69 [negative affect] 
          “active” 
          47.24 [health-related quality of life] 
          2.33 [positive affect] 
          1.68 [negative affect] 
          “highly active” 
          49.48 [health-related quality of life] 
          2.42 [positive affect] 
          1.7 [negative affect] 

Sánchez- 2020 Longitudinal Spain Children 1099 Accelerometer/ Accelerometer/ N/A N/A Means [body fat percentage] 

Oliva      study-specific study-specific   “healthy lifestyle” 
          24.08% [children] 
          21.22% [adolescents] 
          “high screen” 
          23.95% 
          21.03 % [adolescents] 

Sánchez- 2020 Longitudinal Spain Children 1099 Accelerometer/ Accelerometer/ N/A N/A Means 

Oliva      study-specific study-specific   “highly sedentary” 
 44.91 [health-related quality of life] 

2.3 [positive affect] 

1.71 [negative affect] 

“sedentary” 

45.78 [health-related quality of life] 

2.31 [positive affect] 

1.69 [negative affect] 

“active” 

47.24 [health-related quality of life] 

2.33 [positive affect] 

1.68 [negative affect] 

“highly active” 

49.48 [health-related quality of life] 

2.42 [positive affect] 

1.7 [negative affect] 
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Santos 2014 Cross- 

sectional 

Portugal Both 2506 Accelerometer/ 

dichotomized 

>=60 min/day 

Accelerometer/ 

median 

N/A N/A ß [cardiorespiratory fitness] 

�; �6�%���9 MPA 

-0.12 - .03 

�; �6�%���9 VPA 
          .307 - .78 

Santos 2014 Cross- Portugal Both 2506 Accelerometer/ Accelerometer/ N/A low PA/high SB Odds ratios [cardiorespiratory fitness] 
  sectional    dichotomized median   low PA/low SB 
      >=60 min/day    1.27 
          high PA/high SB 
          1.25 
          high PA/low SB 
          1.81 

Santos 2018 Cross- Portugal Children 315 Accelerometer/ Accelerometer/ N/A N/A ß [cardiorespiratory fitness] 
  sectional,    N/A N/A   �; �6�%���9 MPA 
  Longitudinal        -0.12 - .03 
          �; �6�%���9 VPA 
          .307 - .78 

Santos 2018 Cross- Portugal Children 315 Accelerometer/ Accelerometer/ N/A low PA/high SB Odds ratios [cardiorespiratory fitness] 
  sectional,    N/A N/A   low PA/low SB 
  Longitudinal        1.27 
          high PA/high SB 
          1.25 
          high PA/low SB 
          1.81 

Sardinha 2017 Cross- Portugal Children 386 Accelerometer/ Accelerometer/ N/A N/A ß [adiposity] 
  sectional,    N/A N/A   �;�6�%���9 MVPA 
  Longitudinal        -1.62 - -.06 

Shi 2020 Cross- Hong Kong Adolescents 692 Accelerometer/ Questionnaire/ Accelerometer/ high PA/low ST/high ß [adiposity] 
  sectional    dichotomized dichotomized dichotomized SLP [compared to 2.28 [males] 
      >=60 min/day <=2 hours >=9 hour/day those not meeting all -.59 [females] 
       screen (13 year olds) guidelines]  

       time/day 8-10 hour/day   

        (14-17 year   

        olds)   
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Sisson 2010 Cross- 

sectional 

United States Both 53562 Questionnaire/ 

bouts/week (>20 

min) 
0-2 

Questionnaire/ 

hour/day 

<=1 

2-3 

N/A high PA/low ST Odds ratios [adiposity] 

low PA/high ST 

1.95 [males] 

1.68 [females] 
      3-5 >4   mod PA/high ST 
      5-7    1.35 [males] 

1.52 [females] 

high PA/high ST 
1.03 [males] 

1.33 [females] 

low PA/mod ST 
1.43 [males] 

1.86 [females] 

mod PA/mod ST 
1.21 [males] 

1.82 [females] 

high PA/mod ST 
1.07 [males] 

1.23 [females] 

low PA/low ST 
1.13 [males] 

1.19 [females] 

mod PA/low ST 
1.11 [males] 

1.12 [females] 

Spengler 2012 Cross- 

sectional 

Germany Children 1643 Questionnaire/ 

study-specific 

Questionnaire/ 

study-specific 

N/A N/A Prevalence [overweight] 

“high PA/average ST cluster” 

12.5% 

“low PA/low ST cluster” 

16.7% 

“low PA/high ST cluster” 

12.6% 

Steele 2009 Cross- 

sectional 

England Children 1862 Accelerometer/ 

dichotomized 

>=60 min/day 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

N/A low PA/high ST Odds ratios [adiposity] 

low PA/low ST 

1.1 

high PA/high ST 

.7 

high PA/low ST 

.69 
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Sun 2020 Cross- China Adolescents, 536 Accelerometer/ Accelerometer/ N/A N/A ß [cardiorespiratory fitness] 
  sectional  Children  N/A N/A   �; �6�%���9 MVPA 
          .57 [male children] 
          .65 [female children] 
          .61 [male adolescents] 
          .48 [female adolescents] 

Taheri 2019 Cross- Iran Children 13486 Questionnaire/ Questionnaire/ N/A low PA/high ST Odds ratios 
  sectional    bouts/week (>30 dichotomized   mod PA/high ST 
      min) <=2 hours   .7 - .85 [mental health] 
      0-2 screen   .67 - .84 [socio-emotional problems] 
      3-5 time/day   high PA/high ST 
      6-7    .66 - .75 [mental health] 
          .52 - .7 [socio-emotional problems] 
          low PA/low ST 
          .71 - .77 [mental health] 
          .61 - .73 [socio-emotional problems] 
          mod PA/low ST 
          .56 - .74 [mental health] 
          .48 - .52 [socio-emotional problems] 
          high PA/low ST 
          .45 - .69 [mental health] 
          .43 - .56 [socio-emotional problems] 

Tahir 2019 Longitudinal United States Children 30921 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 
      study-specific hours screen   low PA/low ST 
       time/day   1.55 - 2.51 
       <2   high PA/high ST 
       >3   1.19 - 1.25 
          low PA/high ST 
          2.19 - 4.41 

Talarico 2018 Cross- Canada Children 458 Accelerometer/ Accelerometer/ Questionnaire/ specific movement ß [adiposity] 
  sectional    N/A N/A N/A behavior relative to all SB 
         other movement -.82 - .46 
         behaviors MVPA 
          -2.79 - -.23 
          SLP 
          -.6 - .66 
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Tanaka 2020a Cross- 

sectional 

Japan Children 243 Accelerometer/ 

dichotomized 

>=60 min/day 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

Questionnaire/ 

dichotomized 

9-11 hour/day 

N/A Means 

high PA/low ST/low SLP 

37.3 ml/kg/min [cardiorespiratory fitness] 

12.6 kg [muscular strength] 

14.6 situps/ 30 sec[muscular endurance] 

31.3 cm [flexibility] 

high PA/high ST/high SLP 

40.8 ml/kg/min [cardiorespiratory fitness] 

13.3 kg [muscular strength] 

16.5 situps/ 30 sec[muscular endurance] 

31.2 cm [flexibility] 

low PA/low ST/high SLP 

378.7 ml/kg/min [cardiorespiratory fitness] 

12.9 kg [muscular strength] 

14.8 situps/ 30 sec[muscular endurance] 

30.7 cm [flexibility] 

high PA/low ST/high SLP 

37.6 ml/kg/min [cardiorespiratory fitness] 

12.7 kg [muscular strength] 

14.9 situps/ 30 sec[muscular endurance] 

37.6 cm [flexibility] 

Tanaka 2020a Cross- Japan Children 243 Accelerometer/ Questionnaire/ Questionnaire/ those who do no meet Odds ratios [adiposity] 
  sectional    dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

9-11 hour/day 

all guidelines high PA/low ST/high SLP 

.44 [boys] 

.49 [girls] 
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Tanaka 2020b Cross- 

sectional 

Japan Children 902 Accelerometer/ 

dichotomized 

>=60 min/day 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

Questionnaire/ 

dichotomized 

9-11 hour/day 

N/A Means 

high PA/low ST/low SLP 

37.3 ml/kg/min [cardiorespiratory fitness] 

12.6 kg [muscular strength] 

14.6 situps/ 30 sec[muscular endurance] 

31.3 cm [flexibility] 

high PA/high ST/high SLP 

40.8 ml/kg/min [cardiorespiratory fitness] 

13.3 kg [muscular strength] 

16.5 situps/ 30 sec[muscular endurance] 

31.2 cm [flexibility] 

low PA/low ST/high SLP 

378.7 ml/kg/min [cardiorespiratory fitness] 

12.9 kg [muscular strength] 

14.8 situps/ 30 sec[muscular endurance] 

30.7 cm [flexibility] 

high PA/low ST/high SLP 

37.6 ml/kg/min [cardiorespiratory fitness] 

12.7 kg [muscular strength] 

14.9 situps/ 30 sec[muscular endurance] 

37.6 cm [flexibility] 

Tanaka 2020b Cross- Japan Children 902 Accelerometer/ Questionnaire/ Questionnaire/ those who do no meet Odds ratios [adiposity] 
  sectional    dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

9-11 hour/day 

all guidelines high PA/low ST/high SLP 

.44 [boys] 

.49 [girls] 

Tassitano 2020 Cross- 

sectional 

Brazil Adolescents 5520 Interview/ 

study-specific 

Interview/ 

study-specific 

Interview/ 

study-specific 

N/A Prevalence [overweight] 

“computer users” 
34.5% 

“short sleepers” 

29.7% 

“typical behviors class” 

26.7% 

“techno-active gamers” 

26.6% 

“lower screen engagement” 

23.3% 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  

 



Physical  Sedentary  
293 

 

 
 

Taylor 2020 Cross- New Zealand Children 690 Accelerometer/ Accelerometer/ Accelerometer/ specific movement isometric log-ratio [adiposity] 
  sectional    N/A N/A N/A behavior relative to all SB 
         other movement .23 
         behaviors MVPA 
          -.7 
          SLP 
          -.89 

teVelde 2007 Cross- Austria, Belgium, Denmark, Children 7909 Questionnaire/ Questionnaire/ N/A “healthy behavior Odds ratios [adiposity] 
  sectional Iceland, the Netherlands,   study-specific study-specific  pattern” “high TV viewers” 
   Norway, Portugal, Spain,    (screen time)   1.25 [males] 
   Sweden       1.64 [females] 
          “low PA/low SB” 
          1.5 [males] 
          1.03 [females] 
          “high PC useres” 
          1.43 [males] 
          1.42 [females] 
          “unhealthy behavior pattern” 
          1.6 [males] 
          “high PA/high SB” 
          1.33 [females] 

Trinh 2015 Cross- Canada Adolescents 1263 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [low self-esteem] 
  sectional    dichotomized dichotomized   low PA/low ST 
      >=60 min/day <=2 hours   1.14 
       screen   low PA/high ST 
       time/day   1.34 
          high PA/high ST 
          1.84 

Uddin 2020 Cross- 52 low-middle income Adolescents 206357 Questionnaire/ Questionnaire/ N/A high PA/low SB Odds ratios [poor mental health] 
  sectional countries   dichotomized dichotomized   low PA/high SB 
      >=60 min/day <3 hour/day   1.51 - 2.07 [males] 
          1.3 - 1.43 [females] 

Vaisto 2014 Cross- Finland Children 468 Questionnaire/ Questionnaire/ N/A N/A ß [cardiometabolic risk score] 
  sectional    median median   high PA/low ST 
       (screen time)   -.77 
          low PA/low ST 
          -.41 
          high PA/high ST 
          .08 
          low PA/high ST 
          .86 
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Van den Bulck 2009 Longitudinal Belgium Children 1276 Questionnaire/ Questionnaire/ N/A high PA/low ST Relative Risk [overweight] 
      study-specific study-specific   mod PA/mod ST 
       (screen time)   2.7 - 5.4 
          low PA/high ST 
          5.2 - 8.9 

Verswijveren 2020 Cross- Australia Children 772 Accelerometer/ Accelerometer/ N/A N/A ß [waist circumference] 
  sectional    N/A N/A   SB 7.06 
          VPA -3.26 

Vicente- 2009 Cross- Spain Adolescents 277 Questionnaire/ Questionnaire/ N/A N/A Prevalence [low bone mineral content] 

Rodríguez  sectional    median median   high PA/high ST 
          5% 
          low PA/high ST 
          29.4% 
          high PA/low ST 
          6.1% 
          low PA/low ST 
          16.1% 

Walsh 2018 Cross- United States Children 4524 Questionnaire/ Questionnaire/ Questionnaire/ N/A ß [cognitive/executive function] 
  sectional    dichotomized dichotomized dichotomized  high PA/low ST/low SLP 
      >=60 min/day <=2 hours 9-11 hour/day  -.72 - 1.17 
       screen   high PA/high ST/high SLP 
       time/day   -2.31 - -.55 
          low PA/low ST/high SLP 
          -.72 - 1.17 
          high PA/low ST/high SLP 
          2.69 - 3.89 

Wang 2016 Cross- China Children 1027 Questionnaire/ Questionnaire/ N/A N/A Odds ratios [non-alcoholic fatty liver disease] 
  sectional    dichotomized dichotomized   high PA/low SB 
      >=60 min/day <=2 hours   3.17 
       screen    

       time/day    

Weisser 2015 Cross- NR Adolescents 532 NR/ NR/ N/A N/A Means [systolic blood pressure] 
  sectional    dichotomized dichotomized   low PA/high ST 
      >=60 min/day <=2 hours   151.6 mm Hg 
       screen   low PA/low ST 
       time/day   146.8 mm Hg 
          high PA/high ST 
          143.7 mm Hg 
          high PA/low ST 
          140.1 mm Hg 
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Werneck 2019 Cross- 

sectional 

Brazil Adolescents 100839 Questionnaire/ 

dichotomized 

>=60 min/day 

Questionnaire/ 

dichotomized 

<= 4 hour/day, 

dichotomized 

<=4 hours 

screen 

time/day 

N/A high PA/low SB high 

PA/low ST 

Odds ratios [poor health-related quality of life] 

high PA/high SB 

1.12 [males] 

1.15 [females] 

high PA/high ST 
1.12 [males] 

1.48 [females] 

low PA/low SB 
1.14 [males] 

.93 [females] 

low PA/low ST 
1.08 [males] 

.98 [females] 

low PA/high SB 

1.38 [males] 

1.04 [females] 

low PA/high ST 
1.44 [males] 

1.32 [females] 

Wilkie 2016 Cross- 

sectional 

England Children 374 Accelerometer/ 

dichotomized 
>=60 min/day 

Questionnaire/ 

dichotomized 

<=2 hours 

screen 

time/day 

Accelerometer/ 

dichotomized 
>=10 hour/day 

(9 years olds) 

>=9.75 

hour/day (10 

years olds) 

>=9.5 hour/day 

(11 years olds) 

N/A ß [adiposity] 

high PA/high ST/high SLP 

.44 

low PA/low ST/high SLP 

.66 

Wilson 2020 Cross- 

sectional 

Australia Children 343 Questionnaire/ 

study-specific 

Questionnaire/ 

study-specific 

(screen time) 

Questionnaire/ 

study-specific 

N/A Means [standarized test scores] 

“junk food screenies” 
400 - 426 

“high sport” 

417 - 449 

“low sport” 

389 - 427 

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  

 



Physical  Sedentary  
296 

 

 
 

Wong 2009 Cross- Canada Adolescents 25069 Questionnaire/ Questionnaire/ N/A “studious actives” Mean differences 
  sectional    study-specific hour screen   “technoactives” 
       time/day   -.02 [CHU9D] 
       low <=1   -1.1 [PedsQL Physical] 
       high >3   -1.8 [PedsQL Psychosocial] 
          “stay home screenies” 
          -.02 [CHU9D] 
          -2 [PedsQL Physical] 
          -2.9 [PedsQL Psychosocial] 
          “potterers” 
          -.03 [CHU9D] 
          -5.5 [PedsQL Physical] 
          -5.8 [PedsQL Psychosocial] 

Wong 2009 Cross- Canada Adolescents 25069 Questionnaire/ Questionnaire/ N/A high PA/low SB Odds ratios [adiposity] 
  sectional    study-specific hour screen   high PA/high SB 
       time/day   1.15 [males] 
       low <=1   1.91 [girls] 
       high >3   low PA/low SB 
          1.16 [males] 
          1.53 [females] 
          low PA/high SB 
          1.6 [males] 
          2.24 [females] 

Wong 2017 Cross- Australia Children 1455 Time-use diary/ Time-use N/A “studious actives” Mean differences 
  sectional    N/A diary/   “technoactives” 
       N/A   -.02 [CHU9D] 
          -1.1 [PedsQL Physical] 
          -1.8 [PedsQL Psychosocial] 
          “stay home screenies” 
          -.02 [CHU9D] 
          -2 [PedsQL Physical] 
          -2.9 [PedsQL Psychosocial] 
          “potterers” 
          -.03 [CHU9D] 
          -5.5 [PedsQL Physical] 
          -5.8 [PedsQL Psychosocial] 
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Wong 2017 Cross- Australia Children 1455 Time-use diary/ Time-use N/A high PA/low SB Odds ratios [adiposity] 
  sectional    N/A diary/   high PA/high SB 
       N/A   1.15 [males] 
          1.91 [girls] 
          low PA/low SB 
          1.16 [males] 
          1.53 [females] 
          low PA/high SB 
          1.6 [males] 
          2.24 [females] 

Wu 2020 Cross- Mexico Adolescents 369 Accelerometer/ Accelerometer/ N/A N/A ß 
  sectional    N/A N/A   �; �6�%���9 MPA 
          .71 - 1.29 [hormone levels] 
          -.52 - .75 [DNA Methylation] 
          �; �6�%���9 VPA 
          .81 - 2.07 [hormone levels] 
          -2.7 - 5.83 [DNA Methylation] 

Xi 2011 Cross- China Both, 2848 Questionnaire/ Questionnaire/ N/A high PA/low ST Odds ratios [adiposity] 
  sectional  Children  bouts/week dichotomized   high PA/high ST 
      (>=30 min) <=2 hours   .69 - 1.43 
      <3 screen   low PA/low ST 
      3-4 time/day   1.26 - 2.09 
      >= 4    low PA/high ST 
          1.71 - 2.58 

Zeng 2020 Cross- China Children 4304 Questionnaire/ Questionnaire/ N/A N/A Means [cognitive/executive function] 
  sectional    dichotomized dichotomized   high PA/low ST 
      >=60 min/day <=2 hours   41.57 - 48.25 
       screen   high PA/high ST 
       time/day   42.93 - 51.54 
          low PA/high ST 
          43.16 - 53.01 
          low PA/low ST 
          42.16 - 50.55 

Zhu 2019 Cross- United States Adolescents, 35718 Questionnaire/ Questionnaire/ Questionnaire/ high PA/low ST/high Odds ratios 
  sectional  Children  dichotomized dichotomized dichotomized SLP low PA/low ST/high SLP 
      >=60 min/day <=2 hours >=9 hour/day  .14 - 1.53 
       screen (6-12 year  high PA/low ST/low SLP 
       time/day olds)  2.8 - 4.36 
        >=8 hour/day  high PA/high ST/high SLP 
        (13-17 year  .11 - .99 
        olds)   

 Study    Sample  Activity  Tool  Behavior  Tool  Sleep Tool   

First  Author  Year Design  Country  Population 1 Size Category  Category  Category  Reference  Group  Key Results  
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First  Author  

 
 
 

Year 

 
 

Study 

Design  

 
 
 

Country  

 
 

Population 1 

 
 

Sample  

Size 

 
 

Activity Tool 

Category  

 
 

Behavior  Tool 

Category  

 
 

Sleep Tool  

Category  

 
   
 

Reference  Group  Key Results  

 

Zhu 2019 Cross- United States Adolescents, 35718 Questionnaire/ Questionnaire/ Questionnaire/ high PA/low ST/high Odds ratios [adiposity] 
  sectional  Children  dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

>=9 hour/day 

(6-12 year 

olds) 
>=8 hour/day 

(13-17 year 

olds) 

SLP low PA/low ST/high SLP 

1.46 - 1.76 [males] 

1.22 - 2.11 [females] 

high PA/low ST/low SLP 
1.17 - 1.27 [males] 

.64 - 1.56 [females] 

high PA/high ST/high SLP 

1.56 - 1.78 [males] 

.63 - 1.11 [females] 

Zhu 2020 Cross- United States Children 30478 Questionnaire/ Questionnaire/ Questionnaire/ high PA/low ST/high Odds ratios 
  sectional    dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

>=9 hour/day 

(13 year olds) 

8-10 hour/day 

(14-17 year 

olds) 

SLP low PA/low ST/high SLP 

.14 - 1.53 

high PA/low ST/low SLP 

2.8 - 4.36 

high PA/high ST/high SLP 

.11 - .99 

Zhu 2020 Cross- United States Children 30478 Questionnaire/ Questionnaire/ Questionnaire/ high PA/low ST/high Odds ratios [adiposity] 
  sectional    dichotomized 

>=60 min/day 

dichotomized 

<=2 hours 

screen 

time/day 

dichotomized 

>=9 hour/day 

(13 year olds) 

8-10 hour/day 

(14-17 year 

olds) 

SLP low PA/low ST/high SLP 

1.46 - 1.76 [males] 

1.22 - 2.11 [females] 

high PA/low ST/low SLP 
1.17 - 1.27 [males] 

.64 - 1.56 [females] 

high PA/high ST/high SLP 

1.56 - 1.78 [males] 

.63 - 1.11 [females] 

 
Note: N/A, not applicable; NR, not reported; PAQ-A, Physical activity questionnaire children and adolescents; PedsQL, Pediatric quality of life; CHU9D; Child helath utility instrument 

Physical activity, sedentary behavior, and sleep categories to predetermined category cutoffs. 

Study-specific categories include cutoffs from cluster analyses, are unique to a study, or use generic definitions of high vs. low./n Physical activity categories refer to moderate-vigorous physical activity unless otherwise noted. 

Sedentary behavior refers to total time spent sedentary unless otherwise noted. 1 For the Population, ‘both’ refers to studies that didn’t report a mean age and the range spanned between children and adolescents 
2 de Moraes has two sample sizes because separate analyses were conducted on different datasets 
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Appendix  C.1 Movement Behaviour Code Sheet  

Activity  Code Activity  LSAC category  General  Movement  Behaviour  Category  Domain -Specific  Category  

454 Window shopping Active Activities Light-Physical Activity Unstructured Leisure-time Physical Activity 
463 Attendance at musuem/exhibition Active Activities Light-Physical Activity Unstructured Leisure-time Physical Activity 
464 Attendance at zoo/animal park/botanic garden Active Activities Light-Physical Activity Unstructured Leisure-time Physical Activity 

465 Attendance at other mass events Active Activities Light-Physical Activity Unstructured Leisure-time Physical Activity 
466 Going out nec Active Activities Light-Physical Activity Unstructured Leisure-time Physical Activity 
491 Active activities nec Active Activities Light-Physical Activity Unstructured Leisure-time Physical Activity 

450 Shopping Active Activities Light-Physical Activity Unstructured Leisure-time Physical Activity 
451 Shopping Active Activities Light-Physical Activity Unstructured Leisure-time Physical Activity 

1 Retailing Work Light-Physical Activity Work/Household Physical Activity 

11 Hospitality (including fast food) Work Light-Physical Activity Work/Household Physical Activity 
31 Labourers and related workers Work Light-Physical Activity Work/Household Physical Activity 

41 Gardening/lawn mowing Work Light-Physical Activity Work/Household Physical Activity 
51 Babysitting Work Light-Physical Activity Work/Household Physical Activity 
61 Apprenticeships/trades persons Work Light-Physical Activity Work/Household Physical Activity 

71 Working in a family business or farm Work Light-Physical Activity Work/Household Physical Activity 
82 Umpring (work) Work Light-Physical Activity Work/Household Physical Activity 
83 Car washing (work) Work Light-Physical Activity Work/Household Physical Activity 

84 Animal care (work) Work Light-Physical Activity Work/Household Physical Activity 

91 Volunteering (work) Work Light-Physical Activity Work/Household Physical Activity 
201 Cleaning teeth Personal Care/Medical/Health Care Light-Physical Activity Work/Household Physical Activity 
211 Showering/bathing Personal Care/Medical/Health Care Light-Physical Activity Work/Household Physical Activity 

221 Getting dressed/getting ready Personal Care/Medical/Health Care Light-Physical Activity Work/Household Physical Activity 
231 Personal care nec Personal Care/Medical/Health Care Light-Physical Activity Work/Household Physical Activity 
301 Cleaning/tidying Chores Light-Physical Activity Work/Household Physical Activity 

311 Laundry/clothes care Chores Light-Physical Activity Work/Household Physical Activity 
321 Food/drink preparation Chores Light-Physical Activity Work/Household Physical Activity 

331 Food/drink clean up Chores Light-Physical Activity Work/Household Physical Activity 
341 Gardenin (maintenance chores) Chores Light-Physical Activity Work/Household Physical Activity 

342 Cleaning grounds/garage/shed/outside of house (chores) Chores Light-Physical Activity Work/Household Physical Activity 
344 Pool care (chores Chores Light-Physical Activity Work/Household Physical Activity 
351 Animal Care (work) Chores Light-Physical Activity Work/Household Physical Activity 

361 Home maintenance Chores Light-Physical Activity Work/Household Physical Activity 

362 Design/Home Improvement Chores Light-Physical Activity Work/Household Physical Activity 
363 Heat/water/power upkeep Chores Light-Physical Activity Work/Household Physical Activity 
364 Car/boat/bike care Chores Light-Physical Activity Work/Household Physical Activity 

365 Selling/disposing of household assets Chores Light-Physical Activity Work/Household Physical Activity 
366 Rubbish/Recyling Chores Light-Physical Activity Work/Household Physical Activity 
367 Packing Chores Light-Physical Activity Work/Household Physical Activity 

368 Household management Other Chores Light-Physical Activity Work/Household Physical Activity 
371 Taking care of siblings (chores) Chores Light-Physical Activity Work/Household Physical Activity 
381 Chores nec Chores Light-Physical Activity Work/Household Physical Activity 
901 By foot Travel Light-Physical Activity Active Transportation 
911 By bike, scooter, skateboard, etc Travel Light-Physical Activity Active Transportation 
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401 Archery/Shooting sports Active Activities Moderate-to-Vigorous Physical Activity Structured Leisure-time Physical Activity 

402 Athletics/Gymnastics Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
403 Fitness/Gym/Exercise Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 

404 Ball Sports Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
405 Martial arts/Dancing Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
406 Motor Sports/Roller Sports/Cycling Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 

407 Water/Ice/Snow Sports Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
408 Organised team sports and training other Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 

411 Archery/shooting sports (individual) Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
412 Athletics/Gymnastics (individual) Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
413 Fitness/Gym/Exercise (individual) Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 

414 Martial arts/Dancing (individual) Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
415 Motor Sports/Roller Sports/Cycling (individual) Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
416 Ball sports (individual) Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 

417 Water/Ice/Snow Sports (individual) Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 

418 Organised individual sports and training other Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 
430 Walking pets/playing with pets Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 

440 Active club activities Active Activities Moderate-vigorous Physical Activity Structured Leisure-time Physical Activity 

421 Archery/Shooting sports (unstructured) Active Activities Moderate-vigorous Physical Activity Unstructured Leisure-time Physical Activity 
422 Athletics/Gymnastics (unstructured) Active Activities Moderate-vigorous Physical Activity Unstructured Leisure-time Physical Activity 
423 Fitness/Gym/Exercise (unstructured) Active Activities Moderate-vigorous Physical Activity Unstructured Leisure-time Physical Activity 

424 Ball sports (unstructured) Active Activities Moderate-vigorous Physical Activity Unstructured Leisure-time Physical Activity 
425 Martial arts/Dancing (unstructured) Active Activities Moderate-vigorous Physical Activity Unstructured Leisure-time Physical Activity 
426 Motor Sports/Roller Sports/Cycling (unstructured) Active Activities Moderate-vigorous Physical Activity Unstructured Leisure-time Physical Activity 

427 Water/Ice/Snow Sports (unstructured) Active Activities Moderate-vigorous Physical Activity Unstructured Leisure-time Physical Activity 
428 Unstructured active play Other Active Activities Moderate-vigorous Physical Activity Unstructured Leisure-time Physical Activity 

21 Clerical/office Work Sedentary Behaviour Education-Based Sedentary Behaviour 
81 Work Other Work Sedentary Behaviour Education-Based Sedentary Behaviour 

501 Private music lessons/practice, academic tutoring Non-Active Activities Sedentary Behaviour Education-Based Sedentary Behaviour 

521 Playing musical instruments or singing for leisure Non-Active Activities Sedentary Behaviour Education-Based Sedentary Behaviour 
531 Reading or being red to for leisure Non-Active Activities Sedentary Behaviour Education-Based Sedentary Behaviour 

541 Chess, cards , paper, and board games Non-Active Activities Sedentary Behaviour Education-Based Sedentary Behaviour 

581 Doing homework (not via electronic device) Non-Active Activities Sedentary Behaviour Education-Based Sedentary Behaviour 
601 Doing homework (electronic device) Electronic Device Use Sedentary Behaviour Education-Based Sedentary Behaviour 
701 School lessons School Lessons Sedentary Behaviour Education-Based Sedentary Behaviour 

281 Person care/Medical/Health care nec Personal Care/Medical/Health Care Sedentary Behaviour Leisure-time Sedentary Behaviour 
312 Clothes making Chores Sedentary Behaviour Leisure-time Sedentary Behaviour 
981 Filling out the diary Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

481 Attending live sporting events Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
462 Attendance at concert/theatre Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

101 Eating/drinking Eating/drinking Sedentary Behaviour Leisure-time Sedentary Behaviour 
511 Listening to music Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
542 Games of chance/gambling Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
543 Hobbies, collections Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
544 Handwork crafts (excl. clothes making) Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
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545 Arts Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

548 Unstructure non-active play nec Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
551 Attend courses (exlcuding school/university) Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

552 Clubs Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
555 Religious groups Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
561 Doing nothing Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

591 Non-active activites nec Non-Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
452 Purchasing consumer goods Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

453 Purchasing durable goods Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
455 Purchasing repair services Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
456 Purchasing administrative services Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

457 Purchasing personal care services Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
458 Purchasing other services Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
471 Religious practice Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

472 Weddings, funeral, rites of passage Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 

473 Religious activites/ ritual ceremonies nec Active Activities Sedentary Behaviour Leisure-time Sedentary Behaviour 
921 By private motor vehicle/bike Travel Sedentary Behaviour Passive Transportation 

931 By public/chartered transport Travel Sedentary Behaviour Passive Transportation 

941 Travel nec Travel Sedentary Behaviour Passive Transportation 
461 Attendance at movies/cinema Active Activities Sedentary Behaviour Recreational Screen Time 
611 Playing games (electornic device) Electronic Device Use Sedentary Behaviour Recreational Screen Time 

612 Playing games (electornic device) nfd Electronic Device Use Sedentary Behaviour Recreational Screen Time 
621 Watching TV programs or movies Electronic Device Use Sedentary Behaviour Recreational Screen Time 
631 Spending time on social networking sites Electronic Device Use Sedentary Behaviour Recreational Screen Time 

641 Downloading/posting media Electronic Device Use Sedentary Behaviour Recreational Screen Time 
651 Internet shopping Electronic Device Use Sedentary Behaviour Recreational Screen Time 

661 General Internet browsing Electronic Device Use Sedentary Behaviour Recreational Screen Time 
671 Creating/maintaining websites Electronic Device Use Sedentary Behaviour Recreational Screen Time 

681 General application use Electronic Device Use Sedentary Behaviour Recreational Screen Time 

691 Electornic devisue use nec Electronic Device Use Sedentary Behaviour Recreational Screen Time 
841 Texting/emailing Communication Sedentary Behaviour Recreational Screen Time 

851 Online chatting/Instant messaging Communication Sedentary Behaviour Recreational Screen Time 

241 Doctor Personal Care/Medical/Health Care Sedentary Behaviour Self Care 
251 Dentist/Orthodontist Personal Care/Medical/Health Care Sedentary Behaviour Self Care 
261 Physiotherapist/Chiropractor Personal Care/Medical/Health Care Sedentary Behaviour Self Care 

271 Medical/Health care Personal Care/Medical/Health Care Sedentary Behaviour Self Care 
802 Talking face-to-face Communication Sedentary Behaviour Social-Based Sedentary Behaviour 
811 Talking on a landline phone Communication Sedentary Behaviour Social-Based Sedentary Behaviour 

821 Talking on a mobile phone Communication Sedentary Behaviour Social-Based Sedentary Behaviour 
831 Video chatting Communication Sedentary Behaviour Social-Based Sedentary Behaviour 

861 Non-verbal interaction Communication Sedentary Behaviour Social-Based Sedentary Behaviour 
871 Negative face-to-face commication Communication Sedentary Behaviour Social-Based Sedentary Behaviour 
881 Communication nec Communication Sedentary Behaviour Social-Based Sedentary Behaviour 
571 Sleeping/napping (not end of day bed-time) Non-Active Activities Sleep Daytime Naps 
971 Illegal activities Other Uncodeable Uncodeable 
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991 Other Other Uncodeable Uncodeable 
998 Uncodeable activity Uncodeable Activity Uncodeable Uncodeable 
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Appendix  C.2 Outlier Decisions 
 

Domain- specific 
movement 
behaviour  

Cut -off  time  for  
outliers  

Rationale Updated included 
participants 

Active Transportation 
(Age 10) 

>= 300 min Doesn’t seem like a 
reasonable time for a 
10-year old to be 
walking and timing 
doesn’t make it look 
like the family went 
for a bushwalk (e.g., 
one participant 
walked from 19:30- 
1:00) 

Original: 3,309 
Excluded: 3 
Updated: 3,306 

Daytime Naps (Age 
10) 

OK *Going to change 
“outlier naps‘ >240 
min to nighttime sleep 
as these naps started 
before 5am with 
participants waking 
up for toilet/drink 
breaks and then 
“napping” again 

 

Education-Based 
Sedentary Behaviour 
(Age 10) 

OK   

Leisure-Time 
Sedentary Behaviour 
(Age 10) 

>550 min Participants had 
abnormally long 
eating times (4-8+ 
hours) or many 
activities were a 
secondary activity to 
“not in coder” 

Excluded: 11 
Updated: 3,295 

Passive 
Transportation (Age 
10) 

>= 302 min Participants were on 
the road all day, 
mainly broken up my 
eating breaks. This 
suggests the family 
was going on a long 
trip which would not 
be a typical day 

Excluded: 32 
Updated: 3,263 

Recreational Screen 
Time (Age 10) 

OK There are some very 
high numbers, but it’s 
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  reasonable to think 
that some 10-year 
olds spend their 
weekends watching 
TV and playing 
games all day 

 

Self-Care Sedentary 
Behaviour (Age 10) 

>= 90 min These participants 
either reported being 
sick, having a 
doctor’s appointment, 
or visiting the 
hospital; exclude 
since this is not 
indicative of a typical 
day 

Excluded: 80 
Updated: 3,183 

Social-Based SB 
(Age 10) 

OK   

Structured MVPA 
(Age 10) 

>=350 Participants 
appeared to be at 
competitions or 
camps (e.g., MVPA 
for 2 hours, eating for 
30 minutes - pattern 
repeated throughout 
the whole day) 
Even if this is a 
typical weekend, it is 
reasonable to think 
that the participants 
were active the entire 
time (e.g. resting 
between event 
competitions, waiting 
for their turn to 
compete, sitting on 
the bench, etc.) 

Excluded: 7 
Updated: 3,176 

Unstructured LPA 
(Age 10) 

> 660 - however, this 
participant was 
already eliminated by 
one of the above 
criteria 

Abnormal day; looks 
like diary wasn’t filled 
out properly 

Excluded: 0 
Updated: 3,176 

Unstructured MVPA 
(Age 10) 

> = 350 The day looked like it 
could have been 
normal, but very long 
bouts were 

Excluded: 3 
Updated: 3,173 
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  sometimes paired 
with SB. It is 
reasonable to 
assume that these 
participants were not 
participating in MVPA 
the entire time. 
This cut-off number 
was chosen in line 
with structured MVPA 

 

Work/Household LPA 
(Age 10) 

>= 800 One participant only 
recorded 1 activity for 
the entire day, this is 
extremely unlikely to 
be a true 
representation of the 
day. All other 
participants with high 
volumes of 
work/household LPA 
were doing chores all 
day, but their days 
were split up with 
appropriate breaks. 
Therefore, they were 
not excluded. 

Excluded: 1 
Updated: 3,172 

Nighttime Sleep (Age 
10) 

>= 1000 
& 
<200 

1 participant met this 
criteria. They slept 
over 100 min longer 
than the closest 
cluster of high 
duration sleepers. 
A couple participants 
with very low sleep, 
appears that TUD 
was incorrectly filled 

Excluded: 3 (1 long, 2 
short) 
Updated: 3,169 

Active Transportation 
(Age 12) 

>= 300 min Same as age 10 Original: 3,024 
Excluded: 4 
Updated: 3,020 

Daytime Naps (Age 
12) 

OK Same as age 10  

Education (Age 12) OK Same as age 10  

Leisure Time SB 
(Age 12) 

OK Nothing abnormal  
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Passive 
Transportation (Age 
12) 

>330 min Same as above Excluded: 21 
Updated: 2,991 

Recreational Screen 
Time (Age 12) 

>1000 Abnormal 
circumstance for not 
going to school 
reported 

Excluded: 1 
Updated: 2,990 

Self care (Age 12) >= 90 min Same as above Excluded: 20 
Updated: 2,970 

Social (Age 12) >800 min Same activity 
repeated in 
succession without 
other activities 

Excluded: 1 
Updated: 2,969 

Structured MVPA 
(Age 12) 

>=350 Same as above Excluded: 6 
Updated: 2,963 

Unstructured LPA 
(Age 12) 

OK High volume of time, 
but reasonable 
activities done 
throughout the day 

 

Unstructured MVPA 
(Age 12) 

>=350 Same as above Excluded: 10 
Updated: 2,953 

Work and Household 
LPA (Age 12) 

>=800 Diary entry appears 
incorrect 

Excluded: 1 
Updated: 2,952 

Nighttime Sleep (Age 
12) 

<200 Very low sleep and 
days looked atypical 

Excluded: 2 
Updated: 2,950 

Active Transportation 
(Age 14) 

>=300 min Abnormal walking 
periods not broken up 
by 
anything/sometimes 
paired with sedentary 
secondary activities 
or uncodeable main 
activities 

Original: 2,736 
Excluded: 2 
Updated: 2,734 

Daytime Naps (Age 
14) 

>700 min Abnormal diaries and 
patterns 

Excluded: 1 
Updated:2,733 

Education (Age 14) OK   

Leisure SB (Age 14) >700 min Diary incomplete Excluded: 1 
Updated: 2,732 
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Passive 
Transportation (Age 
14) 

>340 min  Excluded:25 
Updated: 2,707 

Recreational Screen 
Time (Age 14) 

>1000 All participants had 
school, but did not 
attend 

Excluded: 3 
Updated: 2,704 

Self-Care (Age 14) >=90 min Same as above Excluded: 36 
Updated: 2,670 

Social (Age 14) >750 min Same as above Excluded: 3 
Updated: 2,667 

Structured MVPA 
(Age 14) 

>=350 min Same as above Excluded: 9 
Updated: 2,658 

Unstr. LPA (Age 14) OK   

Unstr. MVPA (Age 
14) 

>=350 min Same as above Excluded: 3 
Updated: 2,655 

Work/Household LPA 
(Age 14) 

Looks good   

Nighttime Sleep (Age 
14) 

>1000 
& 
<100 

very long and 
participant did not go 
to school on a school 
day; 
20 minute sleep time 
-TUD looked incorrect 
and it is reasonable 
to think this is not a 
typical day 

Excluded: 2 (1 
meeting each criteria) 
Updated: 2,653 

Note: active transportation values at all ages were from total number of valid time-use diaries 
used at each timepoint 
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Fit -Criteria  Assessment  Plots  (General  Male) 
Linear Polynomial 
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Linear Polynomial 
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Appendix C.4  Domain-specific Movement Trajectory Profiles 
 

 
 
 

 
Male Domain-specific Physical Activity Trajectories 
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Male Domain-specific Sleep Trajectories 
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Male Domain-specific Sedentary Behaviour Trajectories 
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Socio-emotional outcomes bic  lambda 

Males  (Single  General  Movement  Behaviours)     

Prosocial behaviour 2777.441  0.14 
Hyperactivity-inattentiveness 2777.087  0.19 
Emotional problems 2782.418  0.19 
Peer problems 2785.158  0.10 
Conduct problems 2773.323  0.14 
Total score 2774.458  0.15 

Males  (Combinations  of  General  Movement  Behaviours)     

Prosocial behaviour 6978.683 0.18 
Hyperactivity-inattentiveness 6975.991 0.18 
Emotional problems 6980.934 0.09 
Peer problems 6982.523 0.09 
Conduct problems 6973.854 0.20 
Total score 6973.043 0.20 

Females  (Single  General  Movement  Behaviours)     

Prosocial behaviour 2626.542 0.13 
Hyperactivity-inattentiveness 2615.887 0.20 
Emotional problems 2622.148 0.20 
Peer problems 2618.425 0.20 
Conduct problems 2624.345 0.18 
Total score 2611.746 0.20 

Females  (Combinations  of  General  Movement  Behaviours)     

Prosocial behaviour 7010.416 0.13 
Hyperactivity-inattentiveness 6999.748 0.20 
Emotional problems 7006.026 0.20 
Peer problems 7002.294 0.20 
Conduct problems 7008.224 0.18 
Total score 6995.596 0.20 

Males  (Single  Domain -Specific  Movement  Behaviours)     

Prosocial behaviour 12619.931 0.12 
Hyperactivity-inattentiveness 12618.048 0.12 
Emotional problems 12625.798 0.13 
Peer problems 12631.335 0.12 
Conduct problems 12621.921 0.11 
Total score 12622.681 0.12 

Males  (Combinations  of  Domain -Specific  Movement  Behaviours)     

Prosocial behaviour 4996.298 0.20 
Hyperactivity-inattentiveness 22159.335 0.18 
Emotional problems 5840.788 0.19 
Peer problems 29179.170 0.18 
Conduct problems 25688.735 0.20 
Total score 22352.636 0.20 

Females  (Single  Domain -Specific  Movement  Behaviours)     

Prosocial behaviour 12215.894 0.12 
Hyperactivity-inattentiveness 12213.278 0.20 
Emotional problems 12218.268 0.18 
Peer problems 12215.824 0.20 
Conduct problems 12218.988 0.10 
Total score 12205.443 0.12 

Females  (Combinations  of  Domain -Specific  Movement  Behaviours)     

Prosocial behaviour -25424.044 0.19 
Hyperactivity-inattentiveness 18137.279 0.20 
Emotional problems -57320.384 0.20 
Peer problems 13248.269 0.18 
Conduct problems -23063.234 0.19 
Total score 9857.506 0.20 

Note: 
Socio-Emotional Outcomes are based on scores from the Strengths and Difficulties Questionnaire. 

 


