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Abstract 

Background Combinations of movement behaviors (i.e., physical activity, sedentary behavior, sleep) are associated 
with health and developmental outcomes in youth. Youth vary in how they accumulate these behaviors, both in vol-
ume and specific domains (e.g., sedentary time spent on recreational screen activities vs homework). The aim of this 
study was to examine how youth’s combined general and domain-specific movement trajectories differ by socioeco-
nomic position.

Methods We conducted a longitudinal, group-based multi-trajectory analysis to identify general and domain-spe-
cific movement trajectory profiles for 2457 youth from age 10 to 14 years from the Longitudinal Study of Australian 
Children from 2014–2018. We used multinomial logistic regression to test if socioeconomic position predicted profile 
membership.

Results We identified three general movement trajectory profiles for both sexes, four domain-specific profiles 
for males, and five for females. For general movement trajectories, females from lower socioeconomic positions were 
more likely to be a combination of less active and more sedentary than females from higher socioeconomic positions. 
Males across socioeconomic positions spend similar amounts of time in physical activity, sedentary time, and sleep. 
For domain-specific movement trajectories, youth from lower socioeconomic positions were likely to spend a combi-
nation of less time in education-based sedentary behavior and more time in recreational screen activities than their 
higher socioeconomic position peers.

Conclusion Our results indicate that socioeconomic position predicted in which domains youth accumulate their 
movements. Future observational research and interventions targeting different socioeconomic groups should there-
fore consider domain-specific movement trajectories.
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Introduction
The effects of movement behaviors (i.e., physical activity, 
sedentary behavior, and sleep) on youth’s outcomes have 
been widely researched [1–3]. Recently, several coun-
tries and the World Health Organization have updated 
their health recommendations to combine all movement 
behaviors in a 24-h time frame, instead of individually [4, 
5]. Time spent in one movement behavior displaces time 
spent in others [6]. Consequently, there is likely an asso-
ciation between 24-h movement profiles (i.e., a combina-
tion of all movement behaviors) and how they influence 
youth’s physical, psychological, and educational out-
comes [6–8]. Isotemporal substitution and compositional 
data analysis are methods used to better understand the 
interactions of movement behaviors with outcomes [9, 
10]. These methods address the limitation of “combining” 
individually measured movement behaviors to create a 
“day” that may add up to be greater than or less than 24 h. 
However, isotemporal substitution and compositional 
data analysis only provide estimations, and many stud-
ies are cross-sectional [11, 12]. Therefore, other methods 
using longitudinal data are additionally needed.

Trajectories in youth’s movement behaviors, particu-
larly from primary to secondary school, should be inves-
tigated because this time period presents many factors 
(e.g., school setting, social life, biological and cognitive 
maturation) that may influence a change in movement 
behaviors [13–15]. Understanding youth’s movement 
trajectory profiles may help identify those at risk of 
developing poor health, psychological, or academic out-
comes during the primary to secondary school transition. 
However, two systematic reviews have revealed the lack 
of longitudinal studies that include all three movement 
behaviors [8, 16]. One review particularly investigated 
the changes in combinations of movement behaviors 
from primary to secondary school but found no studies 
including all three movement behaviors during this criti-
cal time period [16]. Therefore, longitudinal research in 
this age group is warranted.

Domain-specific movement behaviors should also 
be considered because the type of behavior (e.g., edu-
cational sedentary behavior versus recreational screen 
activities) may influence their associations with out-
comes in important ways. For example, a meta-analysis 
found that when compared with household physical 
activity, leisure-time physical activity and active trans-
portation were more positively associated with men-
tal health [17]. Sedentary time spent reading benefits 
cognitive development [18], but high volumes of sed-
entary screen time may be associated with increased 
depressive symptoms, higher adiposity, and lower 
quality of life [19, 20]. 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 attention 
[21–24]. However, some studies suggest that daytime 
naps, independent of nighttime sleep, benefit youth’s 
neurocognitive function, psychological wellness, 
behavior problems, and academic achievement [25, 26]. 
Therefore, it is important to include domain-specific 
sleep (i.e., naps vs nighttime sleep) in sleep analyses 
and further explore its effects on youth. Ultimately, the 
direction and magnitude of an association with an out-
come may differ depending on the explored domain-
specific movement behavior.

In high-income countries, when total physical activ-
ity is studied in isolation, research shows that youth 
from families of lower socioeconomic positions are less 
physically active than youth from higher socioeconomic 
positions [27]. Studies show contradictory evidence on 
whether youth from higher or lower socioeconomic posi-
tions spend more time in sedentary behavior [28, 29]. 
Youth from lower socioeconomic positions have reported 
poorer sleep [30]. However, these conclusions were based 
mainly on cross-sectional studies, and none examined 
combinations of movement behaviors. Whether there 
is an association between socioeconomic position and 
movement profiles in youth is, therefore, unknown [16].

Also unknown is the association between socioeco-
nomic position and youth’s domain-specific movement 
behaviors. When measuring movement behaviors in 
isolation, youth from higher socioeconomic positions 
participate in more organized sports [31] while those 
from lower socioeconomic positions participate in more 
unstructured physical activity and active transportation 
[32, 33]. Youth from lower socioeconomic positions tend 
to engage in more screen time compared to those from 
higher socioeconomic positions [29, 34], while those 
from higher socioeconomic positions tend to spend more 
time reading and playing music than youth from lower 
socioeconomic positions [19, 35]. Youth from lower 
socioeconomic positions have longer nap durations than 
those from higher socioeconomic positions [36].

It is unclear how youth’s movement changes over time 
and whether those from different socioeconomic posi-
tions differ in how they spend their 24-h day regarding 
movement. Understanding the impact of socioeconomic 
position on youth’s movement trajectories may identify 
areas to intervene and inform future guidelines (e.g., 
reducing sedentary behavior in schools [37]) to help 
those most in need. Several countries and the World 
Health Organization have identified health disparities 
across socioeconomic positions as a major problem that 
must be addressed [38–40]. Identifying differences in 
health behaviors, such as how youth move, may be the 
first step in making changes toward decreasing health 
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inequities. Therefore, this study aims to answer four 
questions:

1. What are the different general movement trajectory 
profiles regarding the overall, combined quantity 
of physical activity, sedentary behavior, and sleep 
among youth in Australia?

2. What are the combined domain-specific movement 
trajectory profiles among youth in Australia?

3. Does socioeconomic position predict profile mem-
bership in youth’s general movement trajectory pro-
files regarding overall physical activity, sedentary 
behavior, and sleep?

4. Does socioeconomic position predict profile mem-
bership in youth’s domain-specific movement trajec-
tory profiles?

Methods
Dataset
We analyzed data from The Longitudinal Study of Aus-
tralian Children (LSAC) [41]. Data has been collected on 
two nationally representative cohorts of children every 
two years since 2004. We 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., updated coding categories, free 
time responses replaced 15-min increments) which could 
not be harmonized [42].

Time‑use
Each participant completed a paper time-use diary for 
one day including the start time of each activity, who 
accompanied them, where they were, and any concur-
rent activities they performed [42]. Time-use diaries 
were reviewed through an interview the next day. We 
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, we subtracted the last activity’s start time from 
the participant’s “sleep time”. Participants filled out their 
time-use diary on the same day of the week at each 
timepoint [42].

We assigned the pre-coded time-use diary activi-
ties general and domain-specific movement behaviors 
(see Table  1). A list of coded activities can be found in 
Additional file 1. Domain-specific categories were based 
on categories defined by previous studies [17, 43, 44]. In 
cases where concurrent activities were recorded, typi-
cally the main activity was coded. In instances where it 
was likely that a concurrent activity took precedence 

regarding movement (e.g., the participant was likely sed-
entary rather than active), 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 behavior 
of “recreational screen time” since the participant was 
sedentary.

To be included in the study, participants had to have (a) 
a valid time-use diary at Wave 6 (i.e., no missing informa-
tion, no misordered events), (b) recorded their sleep and 
wake times, and (c) included their socioeconomic posi-
tion data. Outliers were excluded if the time-use diary 
entries appeared to be an atypical weekday (e.g., passive 
transportation >  = 8  h, self-care >  = 4  h). Decision rules 
for outliers made by the researchers can be found in 
Additional file  2. A sensitivity analysis was run by con-
ducting the analysis with the outliers included.

We handled missing follow-up time-use diary data 
through multiple imputation with the mice package, 
version 3.14.0, in R [45]. Variables in the imputation 
included time spent in each movement behavior, sex, age, 
Indigenous status (i.e., Aboriginal, Torres Strait Islander, 
or not Aboriginal), remoteness (ranging from 1 [Highly 
Accessible]—5 [Very Remote]), socioeconomic position, 
and day of the week the diary was filled out. We used five 
imputed datasets. There were 25.7% of participants miss-
ing time-use diary data at Wave 7, 36.7% at Wave 8, and 
17.5% missing time-use diary data across both waves. 
There was no missing data for sex, age, Indigenous status, 
or remoteness.

We analyzed data from male and female participants 
separately due to previously reported differences in their 
daily activities [46, 47]. Additionally, when comparing 
models combining males and females versus stratified 

Table 1 Movement behavior categories

General movement behaviors Domain‑specific movement 
behaviors

Light physical activity Active transportation

Leisure-time

Work/Household

Moderate-vigorous physical activity Structured

Unstructured

Sleep Nighttime sleep

Daytime naps

Sedentary behavior Education-based

Leisure-time (non-screen based)

Passive transportation

Recreational screen activities

Self-care

Social-based
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Table 2 Summary of participant characteristics and movement behaviors

Male (N = 1251) Female (N = 1206) Overall (N = 2457)

Participant 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 Behaviors
Active Transport (10) 0 (0, 10) 0 (0,10) 0 (0,10)

Active Transport (12) 0 (0,15) 0 (0,17) 0 (0,15)

Active Transport (14) 0 (0,20) 0 (0,20) 0 (0,20)

Unstructured Light Physical Activity (10) 30 (0,90) 35 (0,94) 30 (0,90)

Unstructured Light Physical Activity (12) 0 (0,44) 10 (0,70) 5 (0,65)

Unstructured Light Physical Activity (14) 0 (0,30) 0 (0,40) 0 (0,40)

Work and Household Light Physical Activity (10) 44 (20,75) 55 (30,90) 64 (25,81)

Work and Household Light Physical Activity (12) 59 (30,94) 75 (45,120) 65 (35,109)

Work and Household Light Physical Activity (14) 56 (30,96) 73 (41,115) 64 (25,105)

Unstructured Moderate-Vigorous Physical Activity (10) 0 (0,55) 0 (0,16) 0 (0,33)

Unstructured Moderate-Vigorous Physical Activity (12) 0 (0,30) 0 (0,0) 0 (0,15)

Unstructured Moderate-Vigorous Physical Activity (14) 0 (0,35) 0 (0,0) 0 (0,0)

Structured Moderate-Vigorous Physical Activity (10) 0 (0,45) 0 (0,40) 0 (0,45)

Structured Moderate-Vigorous Physical Activity (12) 0 (0,40) 0 (0,34) 0 (0,40)

Structured Moderate-Vigorous Physical Activity (14) 0 (0,34) 0 (0,36) 0 (0,49)

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)

Daytime Naps (10) 0 (0,0) 0 (0,0) 0 (0,0)

Daytime Naps (12) 0 (0,0) 0 (0,0) 0 (0,0)

Daytime Naps (14) 0 (0,0) 0 (0,0) 0 (0,0)

Education Based Sedentary Behavior (10) 270 (270,334) 280 (50,345) 274 (44,340)

Education Based Sedentary Behavior (12) 238 (0,350) 227 (15,360) 235 (0,355)

Education Based Sedentary Behavior (14) 215 (0,330) 225 (0,360) 220 (0,349)

Leisure Time Sedentary Behavior (10) 120 (64,195) 140 (77,215) 130 (70,203)

Leisure Time Sedentary Behavior (12) 110 (45,195) 120 (45,198) 115 (45,195)

Leisure Time Sedentary Behavior (14) 70 (20,145) 84 (29,165) 75 (24,155)

Passive Transport (10) 40 (15,75) 50 (20,83) 45 (19,80)

Passive Transport (12) 50 (20,90) 55 (25,90) 50 (20,90)

Passive Transport (14) 45 (10,89) 54 (20,92) 50 (17,90)

Recreational Screen Activities (10) 162 (74,280) 105 (45,204) 131 (59,240)

Recreational Screen Activities (12) 184 (90,305) 163 (58,235) 151 (70,275)

Recreational Screen Activities (14) 230 (120,380) 180 (80,303) 201 (99,345)



Page 5 of 14Wilhite et al. Int J Behav Nutr Phys Act           (2023) 20:88  

models, the Bayesian information criterion indicated the 
stratified models had a better fit. Only weekday data was 
analyzed due to the limited data available for weekend 
participants.

Socioeconomic position
We assessed socioeconomic position through LSAC’s 
socioeconomic position variable, a z-score among all 
families [48]. The socioeconomic position variable is a 
normalized variable that was developed by LSAC to rank 
each family relative to other families in the study. The 
ranking was determined by standardizing each family’s 
combined income, the highest education completed by 
each parent (coded into years of education and stand-
ardized), the occupational status of each parent (coded 
into categories according to the Australian and New Zea-
land Standard Classification of Occupations [49]), and 
whether the participant’s family was a single or two-par-
ent home.

Data analysis
We used longitudinal data from Waves 6–8 to perform 
group-based multi-trajectory analysis with the gbmt 
package in R, version 0.1, to find movement trajectory 
profiles between the ages of 10–14  years [50]. Group-
based multi-trajectory analysis used finite mixture mod-
eling to derive distinct groups of participants with similar 

trajectories in multiple variables concurrently [51]. This 
is done by identifying clusters of youth who are most 
likely to have similar combinations of movement trajec-
tories based on the given data. Time spent in each coded 
activity at ages 10, 12, and 14 was entered into the model. 
Normalization was not necessary for this analysis since 
all trajectories were in the same units (minutes). The 
analysis was run separately to find general and domain-
specific movement trajectory profiles. See Additional 
file 3 for gbmt code.

To determine the most appropriate number of groups 
for each analysis, we used the fit-criteria assessment plot 
tool to compare the Bayesian information criterion (BIC), 
average posterior probability, and odds of correct classifi-
cation to compare 10 models (linear and quadratic poly-
nomials of groups sizes between 2 – 6) [52]. The model 
with the lowest BIC, average posterior probability (mini-
mum 0.70), and odds of correct classification (minimum 
5.0) was chosen. If two models had similar results, we 
plotted both to visually determine if extra groups pro-
vided novel information.

We used the nnet package, version 7.3.16, in R [53] 
to run a multinomial logistic regression test to evaluate 
if socioeconomic position was associated with profile 
membership. We chose a reference group with the high-
est hypothesized health benefits in each analysis. Thus, 
we selected the group with the trajectory most similar 

Values represent median (interquartile range) or count (%); * = mean (standard deviation); 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 (range -5.529 – 2.733).; Movement 
Behaviors are measured in minutes; (10) = at age 10; (12) = at age 12; (14) = at age 14

Table 2 (continued)

Male (N = 1251) Female (N = 1206) Overall (N = 2457)

Self-Care Sedentary Behavior (10) 10 (0,20) 10 (0,25) 10 (0,20)

Self-Care Sedentary Behavior (12) 10 (0,0) 0 (0,0) 0 (0,0)

Self-Care Sedentary Behavior (14) 0 (0,0) 0 (0,0) 0 (0,0)

Social-Based Sedentary Behavior (10) 11 (0,63) 25 (0,82) 17 (0,74)

Social-Based Sedentary Behavior (12) 20 (0,80) 50 (0,125) 35 (0,105)

Social-Based Sedentary Behavior (14) 50 (0,115) 75 (20,144) 60 (13,130)

General Movement Behaviors
Light Physical Activity (10) 103 (54,173) 124 (70,194) 114 (60,183)

Light Physical Activity (12) 105 (57,170) 126 (75,196) 115 (65,185)

Light Physical Activity (14) 95 (54,161) 112 (67,180) 105 (60,170)

Moderate-Vigorous Physical Activity (10) 40 (0,100) 0 (0,69) 24 (0,90)

Moderate-Vigorous Physical Activity (12) 15 (0,90) 0 (0.70) 49 (0,80)

Moderate-Vigorous Physical Activity (14) 30 (0,105) 0 (0,60) 0 (0,90)

Sleep (10)* 590 (± 63) 590 (± 64) 590 (± 63)

Sleep (12)* 580 (± 81) 580 (± 88) 580 (± 84)

Sleep (14)* 560 (± 99) 560 (± 89) 560 (± 95)

Sedentary Behavior (10)* 660 (± 120) 650 (± 120) 650 (± 120)

Sedentary Behavior (12)* 670 (± 150) 660 (± 140) 660 (± 140)

Sedentary Behavior (14)* 690 (± 150) 700 (± 150) 690 (± 150)
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to the following pattern: participants, in combination, 
increased their moderate-to-vigorous physical activity, 
light physical activity, and sleep, but decreased their sed-
entary behavior, provided the quantity of these behaviors 
was likely to be associated with the most desirable out-
comes [8].

Results
Participant characteristics
In Wave 6, 3764 B-Cohort participants completed data 
collection. Of these, 3460 completed time-use diaries. 
We excluded 145 time-use diaries due to incorrect times 
being recorded in the diary, 26 due to missing socioeco-
nomic position data, and six due to missing sleep data. 
We removed 140 participants as outliers. This resulted 
in 3143 participants, 2457 providing weekday data. Of 
these participants, 1251 were male and 1206 were female. 
Participant descriptive characteristics can be found 

in Table  2. Included participants did not differ from 
excluded participants in remoteness (determined by the 
Australian Standard Geographic Classification), sex, or 
Indigenous background.

General movement trajectories
For general movement trajectories, the fit-criteria assess-
ment plots (see Additional file 4) indicated that the lin-
ear three-group model was most appropriate for males 
(BIC = 16938, average posterior probability = 0.93, odds 
of correct classification = 80.69). Figure 1 shows the gen-
eral movement trajectories. Profiles included “Highly 
actives”, “Inactive-sitters”, and “Decreasing activity” 
profiles. All groups decreased their sleep and increased 
their sedentary behavior from age 10 to 14. The “Highly 
actives” were characterized by a combination of relatively 
high light physical activity and low sedentary behavior 
compared to other profiles, and increasing time spent 

Fig. 1 General movement trajectories
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in moderate-to-vigorous physical activity. The “Inactive-
sitters” had fairly low light physical activity, decreased 
moderate-to-vigorous physical activity, and had high sed-
entary behavior. The “Decreasing activity” profile had the 
least time spent in light physical activity and started with 
comparable moderate-to-vigorous physical activity as the 
“Highly actives” but decreased this movement behavior.

The linear five-group model was most appropriate for 
females (BIC = 13067, average posterior probability = .87, 
odds of correct classification = 376.23). Profiles included 
“Highly actives”, “Inactive-sitters”, “Decreasing activity”, 
“High sleepers”, and “Lightly actives”. The “Highly actives” 
maintained relatively high moderate-vigorous physical 
activity compared to other profiles. The “Inactive-sit-
ters” profile was a combination of relatively low moder-
ate-vigorous and high time spent in sedentary behavior 
compared to the other profiles. The “Decreasing activity” 
profile had relatively high moderate-vigorous physical 

activity at age 10 but decreased this movement behavior. 
The “High sleepers” profile had the most sleep at age 14 
compared to all other profiles. The “Lightly actives” pro-
file spent the most time in light physical activity com-
pared to all other profiles, was the only group to increase 
this movement behavior, and spent a relatively low 
amount of time in sedentary behavior.

Domain‑specific movement trajectories
For the domain-specific movement trajectories, the fit-
criteria assessment plots indicated a linear four-group 
model was most appropriate for males (BIC = 69540, 
average posterior probability = .82, odds of correct classi-
fication = 21.07) and a linear 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 Figs.  2, 3 and 4 (see Table  3 for profile 
characteristics).

Fig. 2 Domain-specific physical activity trajectories
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Socioeconomic position as a predictor of movement 
trajectory profile membership.
For general movement trajectories, socioeconomic posi-
tion did not predict profile membership for males (see 
Table  4). Male participants from lower socioeconomic 
positions were less likely to be in the “All-rounders” pro-
file. Males from lower socioeconomic positions were 
more likely to engage in a combination of increasing their 
unstructured and structured moderate-to-vigorous phys-
ical activity, napping, and recreational screen activities 
while spending less time in education-based sedentary 
behavior compared to their higher socioeconomic peers.

Females from lower socioeconomic positions tended to 
be in the “Decreasing activity” general movement trajec-
tory profile. However, socioeconomic position predicted 
more memberships for domain-specific movement tra-
jectory profiles. Participants from lower socioeconomic 
positions were more likely to be in the “Increasingly 

studious screenies” and “Low social-time nappers” pro-
files than the “Napping actives” profile. Youth from the 
“Increasingly studious screenies” and “Low social-time 
nappers” tended to spend a combination of less time in 
structured moderate-to-vigorous physical activity, nap-
ping, and passive transport but more time in recreational 
screen activities than those in the “Napping actives” 
profile.

Discussion
Our study describes combined movement trajectories 
in Australian youth from 10 to 14  years old and shows 
that socioeconomic position was associated with move-
ment trajectories. For general movement trajectory pro-
files, we found no differences in how males from different 
socioeconomic positions spend their time but girls from 
a lower socioeconomic position tend to be a combina-
tion of less active and more sedentary than their higher 

Fig. 3 Domain-specific sleep trajectories
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socioeconomic peers. A domain-specific analysis shows 
the likelihood of how youth from different socioeco-
nomic positions may execute their physical activity, sed-
entary behavior, and sleep. In line with previous research, 
all general movement trajectory profiles showed children 
decreased both their sleep and increased their sedentary 
behavior as they grew older [54, 55].

We also found that socioeconomic position predicted 
domain-specific movement trajectory profile member-
ship for Australian children. Males from lower socioeco-
nomic positions tended to spend a combination of more 
time in activities such as structured and unstructured 
moderate-to-vigorous physical activity and recreational 
screen activities rather than the education-based sed-
entary behavior observed in their higher socioeconomic 
peers. Females from lower socioeconomic positions 
tended to displace time in behaviors that have health 
and well-being benefits, such as moderate-to-vigorous 

physical activity and napping [25, 56–58], such as moder-
ate-to-vigorous physical activity and napping, with recre-
ational screen time. These differences in domain-specific 
behaviors align with research on individual movement 
behaviors that found youth from higher socioeconomic 
positions spend more time in passive transportation, 
education-related activities, and structured physical 
activity [34, 59] while those from lower socioeconomic 
positions spend more time in recreational screen time 
[59]. However, contrary to previous research, there was 
little difference in active transport, unstructured moder-
ate-to-vigorous physical activity and leisure-time (non-
screen-based) sedentary behavior for females, structured 
and unstructured moderate-to-vigorous physical activ-
ity in males [31, 32, 35, 60]. These findings highlight the 
importance of studying movement behaviors in com-
bination because although a child may participate in 
one healthy or unhealthy movement behavior does not 

Fig. 4 Domain-specific sedentary behavior trajectories
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necessarily mean they participate in other healthy or 
unhealthy movement behaviors across a whole 24-h day.

Future research can investigate if domain-specific 
movement trajectory profiles are associated with differ-
ent outcomes in youth 10–14 and identify strategies to 
address improving these trajectory profiles while consid-
ering the needs of youth from different socioeconomic 
positions. It is important to understand movement 
trajectories in this age group because they are experi-
encing many changes such as moving from primary to 
secondary school and going through puberty [15]. These 
challenges are often marked by changes in mental and 
socio-emotional health [13, 61, 62]. Therefore, exploring 

domain-specific movement trajectories is important 
because they may influence mental and socio-emotional 
outcomes differently (e.g., decreasing recreational screen 
time while increasing structured moderate-vigorous 
physical activity) [63]. Future studies could identify 
potential times of day when movement behavior inter-
ventions may be useful. For example, previous longi-
tudinal studies have shown that youth from primary 
to secondary school tend to decrease their moderate-
vigorous physical activity while increasing their seden-
tary behavior during recess, lunchtime and after-school 
periods [64, 65]. Particularly understanding how youth 
from various socioeconomic positions spend their time 

Table 3 Comparison of domain-specific movement trajectory profile characteristics by sex

Profile Group Characteristics

Males
High sleep screenies • Least amount of time in work and household light physical activity compared to other profiles

• Steepest decrease 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 behavior
• Least amount of time in passive transport compared to other profiles
• Maintained relatively high time spent in recreational screen activities

Low screen workers • Relatively 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 behavior 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-to-vigorous physical activity
• Most time spent napping compared to all other profiles
• Least time spent in education-based sedentary behavior 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 
behavior, passive 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 behavior (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 activities

Increasingly studious screenies • Some napping
• Increased education-based sedentary behavior (spent the least time compared to all other profiles)
• Relatively high recreational screen activities

Low social-time nappers • Fairly stable structured and unstructured moderate-to-vigorous physical activity
• Increased napping
• Only group with stable social-based sedentary behavior (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 4 Odds ratios of socioeconomic position predicting movement trajectory membership

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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may guide us to develop more specific and targeted 
interventions that better consider the needs of different 
subgroups of youth. Addressing domain-specific move-
ment trajectory membership while considering the needs 
of those from different socioeconomic positions could 
potentially alleviate some socioeconomic disparities Aus-
tralian youth face (e.g., differences in academic perfor-
mance, physical health, and socio-emotional problems) 
and is a relationship that should be explored [66–70]. 
Finally, replicating this study’s approach in low-, middle-, 
and high-income countries is needed to further the exist-
ing knowledge base on youth’s movement trajectories.

Although this study provided new insight into how 
engagement in different movement behaviors change 
and found that socioeconomic position may predict 
movement trajectory profiles, 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 dia-
ries. Therefore, physical activity may have been under-
reported across all profiles. There is also no data on the 
participants’ body position (e.g., sitting, standing) in 
the time-use diary. This may have caused some activi-
ties to be coded incorrectly (e.g., a participant reporting 
“watching television” while standing would have been 
coded “sedentary” instead of “light physical activity”). 
Next, the time-use data only captured one day. Conse-
quently, this may not give the most accurate represen-
tation of the participant’s week. However, the time-use 
diaries provided detailed information about the partici-
pants’ day [42]. and have been recommended as a tool 
to investigate health behaviors over time [6, 71, 72]. 
They have also been shown to be both valid and reli-
able when collected in large, representative samples [6, 
71, 72]. Next, the sample size for weekend participants 
was insufficient to run a group-based multi-trajectory 
analysis. Therefore, our results are only generalizable for 
weekdays. Finally, since the population is representative 
of Australian youth, our results are not generalizable for 
low- or middle-income countries.

Despite these limitations, our study had several 
strengths. Our study used group-based multi-trajectory 
analysis to identify profiles of youth based on their gen-
eral movement behaviors and domain-specific movement 
behaviors which allowed us to use continuous data which 
overcame the limitation of dichotomizing or categorizing 
behaviors based on a specific cut-off point (e.g., “meeting 
guidelines” or “not meeting guidelines”). Additionally, we 
gained insight regarding how youth’s movement behav-
iors, in combination, change from primary school to sec-
ondary school age. Further, we were able to provide novel 
insight into a youth’s day based on their domain-specific 
movement behaviors.

Conclusion
The socioeconomic position of a youth’s family predicted 
some general and domain-specific movement trajectory 
profile memberships. There were limited differences 
in moderate-to-vigorous physical activity in males and 
nighttime sleep in both sexes. However, those from lower 
socioeconomic positions tended to participate in a com-
bination of more recreational screen activities and low 
education-based sedentary behavior for males and low 
structured physical activity and education-based seden-
tary behavior for females, activity patterns which may 
lead to unfavorable outcomes. Future research, interven-
tions and policies should consider targeting domain-spe-
cific movement behaviors in combination. Further, the 
habits, needs, and resources of youth from different soci-
oeconomic positions should be considered when devel-
oping recommendations for different socioeconomic 
position groups.

Abbreviation
LSAC  Longitudinal Study of Australian Children

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12966- 023- 01491-5.

Additional file 1. Categorization of LSAC activities into general and 
domain-specific movement behaviors.

Additional file 2. Describes cut-offs and rationales for outliers. 

Additional file 3. R code of gbmt analysis. 

Additional file 4. Fit-criteria assessment plots for choosing general and 
domain-specific models. 

Acknowledgements
Not applicable.

Authors’ contributions
KW, BdPC, CL, and TS conceived the idea for the study. KW, BdPC, CL, NR, CM, 
and TS designed the study. KW, MN, EB, and TS conducted the data analysis. 
KW, EB, and TS interpreted the findings. KW drafted the manuscript with 
input from CL and TS. All authors critically evaluated and approved the final 
manuscript.

Funding
Katrina Wilhite is a recipient of the ‘ACU Physical Activity and Sedentary Behav-
iour Scholarship’.

Availability of data and materials
The data that support the findings of this study are available by application via 
the DSS Longitudinal Studies Dataverse: http:// dx. doi. org/ 10. 26193/ BAA3N6. 
Restrictions apply to the availability of these data, which were used under 
license for the current study, and so are not publicly available.

Declarations

Ethics approval and consent to participate
Ethical approval for the Longitudinal Study of Australian Children was 
provided by the Australian Institute of Family Studies Ethics Committee. To 
participate, all participants had to provide written informed consent.

https://doi.org/10.1186/s12966-023-01491-5
https://doi.org/10.1186/s12966-023-01491-5
http://dx.doi.org/10.26193/BAA3N6


Page 13 of 14Wilhite et al. Int J Behav Nutr Phys Act           (2023) 20:88  

Consent for publication
Not applicable.

Competing interests
None declared.

Author details
1 Institute for Positive Psychology and Education, Australian Catholic University, 
33 Berry Street, Sydney, NSW 2060, Australia. 2 Center for Active and Healthy 
Ageing, Department of Sport Sciences and Clinical Biomechanics, University 
of Southern Denmark, Odense, Denmark. 3 School of Behavioural and Health 
Sciences, Australian Catholic University, Brisbane, Australia. 4 Alliance 
for Research in Exercise, Nutrition and Activity, University of South Australia, 
Adelaide, Australia. 

Received: 18 September 2022   Accepted: 10 July 2023

References
 1. Biddle SJH, Ciaccioni S, Thomas G, Vergeer I. Physical activity and mental 

health in children and adolescents: an updated review of reviews and an 
analysis of causality. Psychol Sport Exerc. 2019;42:146–55.

 2. de Rezende LFM, Rodrigues Lopes M, Rey-López JP, Matsudo VKR, Luiz O 
do C. Sedentary behavior and health outcomes: an overview of system-
atic reviews. PLoS One. 2014;9(8):e105620. https:// doi. org/ 10. 1371/ journ 
al. pone. 01056 20.

 3. Spruyt K. A review of developmental consequences of poor sleep in 
childhood. Sleep Med. 2019. https:// doi. org/ 10. 1016/j. sleep. 2018. 11. 021.

 4. World Health Organization. Guidelines on physical activity, sedentary 
behaviour and sleep for children under 5 years of age. https:// apps. who. 
int/ iris/ handle/ 10665/ 311664 (2019). Accessed 22 May 2020.

 5. The Department of Health and Aged Care. For children and young peo-
ple (5 to 17 years) Australian Government. https:// www. health. gov. au/ 
health- topics/ physi cal- activ ity- and- exerc ise/ physi cal- activ ity- and- exerc 
ise- guide lines- for- all- austr alians/ for- child ren- and- young- people- 5- to- 17- 
years. (2021). Accessed 19 Sep 2022.

 6. Bauman A, Bittman M, Gershuny J. A short history of time use research; 
implications for public health. BMC Public Health. 2019. https:// doi. org/ 
10. 1186/ s12889- 019- 6760-y.

 7. Chau JY, Gomersall SR, van der Ploeg HP, Milton K. The evolution of time 
use approaches for understanding activities of daily living in a public 
health context. BMC Public Health. 2019. https:// doi. org/ 10. 1186/ 
s12889- 019- 6759-4.

 8. Wilhite K, Booker B, Huang BH. Combinations of physical activity, seden-
tary behavior, and sleep and their associations with physical, psychologi-
cal, and educational outcomes in children and adolescents. Am J Epi. 
2022. https:// doi. org/ 10. 1093/ aje/ kwac2 12.

 9. Chastin SFM, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined 
effects of time spent in physical activity, sedentary behaviors and sleep 
on obesity and cardio-metabolic health markers: a novel compositional 
data analysis approach. PLoS ONE. 2015. https:// doi. org/ 10. 1371/ journ al. 
pone. 01399 84.

 10. Dumuid D, Pedišić Ž, Stanford TE, Martín-Fernández J-A, Hron K, Maher 
CA, et al. The compositional isotemporal substitution model: a method 
for estimating changes in a health outcome for reallocation of time 
between sleep, physical activity and sedentary behaviour. Stat Methods 
Med Res. 2019;28:846–57.

 11. Del Pozo-Cruz B, Gant N, Del Pozo-Cruz J, Maddison R. Relationships 
between sleep duration, physical activity and body mass index in young 
New Zealanders: an isotemporal substitution analysis. PLoS ONE. 2017. 
https:// doi. org/ 10. 1371/ journ al. pone. 01844 72.

 12. Janssen I, Clarke AE, Carson V, Chaput J-P, Giangregorio LM, Kho ME, et al. 
A systematic review of compositional data analysis studies examin-
ing associations between sleep, sedentary behaviour, and physical 
activity with health outcomes in adults. Appl Physiol Nutr Metab. 
2020;45:S248–57.

 13. Lester L, Cross D. The relationship between school climate and 
mental and emotional wellbeing over the transition from primary to 

secondary school. Psychol Well Being. 2015. https:// doi. org/ 10. 1186/ 
s13612- 015- 0037-8.

 14. Shull ER, Dowda M, Saunders RP, McIver K, Pate RR. Sport participation, 
physical activity and sedentary behavior in the transition from middle 
school to high school. J Sci Med Sport. 2020. https:// doi. org/ 10. 1016/j. 
jsams. 2019. 10. 017.

 15. Simmons RG, Blyth DA. Moving into adolescence: the impact of pubertal 
change and school context. Aldine de Gruyter. 1987.

 16. Chong KH, Parrish A-M, Cliff DP, Kemp BJ, Zhang Z, Okely AD. Changes 
in physical activity, sedentary behaviour and sleep across the transition 
from primary to secondary school: a systematic review. J Sci Med Sport. 
2020. https:// doi. org/ 10. 1016/j. jsams. 2019. 12. 002.

 17. White RL, Babic MJ, Parker PD, Lubans DR, Astell-Burt T, Lonsdale C. 
Domain-specific physical activity and mental health: a meta-analysis. Am 
J Prev Med. 2017. https:// doi. org/ 10. 1016/j. amepre. 2016. 12. 008.

 18. Horowitz-Kraus T, Hutton JS. Brain connectivity in children is increased 
by the time they spend reading books and decreased by the length of 
exposure to screen-based media. Acta Paediatr. 2018. https:// doi. org/ 10. 
1111/ apa. 14176.

 19. Carson V, Kuzik N, Hunter S, Wiebe SA, Spence JC, Friedman A, et al. 
Systematic review of sedentary behavior and cognitive development in 
early childhood. Prev Med. 2015;78:115–22.

 20. Stiglic N, Viner RM. Effects of screentime on the health and well-being 
of children and adolescents: a systematic review of reviews. BMJ Open. 
2019. https:// doi. org/ 10. 1136/ bmjop en- 2018- 023191.

 21. Saunders TJ, Gray CE, Poitras VJ, Chaput J-P, Janssen I, Katzmarzyk PT, 
et al. Combinations of physical activity, sedentary behaviour and sleep: 
relationships with health indicators in school-aged children and youth. 
Appl Physiol Nutr Metab. 2016. https:// doi. org/ 10. 1139/ apnm- 2015- 0626.

 22. Spruyt K, Molfese DL, Gozal D. Sleep duration, sleep regularity, body 
weight, and metabolic homeostasis in school-aged children. Pediatrics. 
2011;127:e345–52.

 23. Li S, Arguelles L, Jiang F, Chen W, Jin X, Yan C, et al. Sleep, school perfor-
mance, and a school-based intervention among school-aged children: a 
sleep series study in China. PLoS ONE. 2013;8:e67928–e67928.

 24. Horváth K, Plunkett K. Spotlight on daytime napping during early child-
hood. Nat Sci Sleep. 2018;10:97–104. https:// doi. org/ 10. 2147/ NSS. S1262 52.

 25. Liu J, Feng R, Ji X, Cui N, Raine A, Mednick SC. Midday napping in children: 
associations between nap frequency and duration across cognitive, 
positive psychological well-being, behavioral, and metabolic health 
outcomes. Sleep. 2019;42:zsz126. https:// doi. org/ 10. 1093/ sleep/ zsz126.

 26. Ji X, Li J, Liu J. The relationship between midday napping and neurocog-
nitive function in early adolescents. Behav Sleep Med. 2019;17:537–51. 
https:// doi. org/ 10. 1080/ 15402 002. 2018. 14258 68.

 27. Peralta LR, Mihrshahi S, Bellew B, Reece LJ, Hardy LL. Influence of school-
level socioeconomic status on children’s physical activity, fitness, and 
fundamental movement skill levels. J Sch Health. 2019;89:460–7. https:// 
doi. org/ 10. 1111/ josh. 12761.

 28. Leech RM, McNaughton SA, Timperio A. The clustering of diet, physical 
activity and sedentary behavior in children and adolescents: a review. 
Int J Behav Nutr Phys Act. 2014;11:1–9. https:// doi. org/ 10. 1186/ 
1479- 5868- 11-4.

 29. Määttä S, Konttinen H, Haukkala A, Erkkola M, Roos E. Preschool children’s 
context-specific sedentary behaviours and parental socioeconomic 
status in Finland: a cross-sectional study. BMJ open. 2017;7:e016690.

 30. Bagley EJ, Fuller-Rowell TE, Saini EK, Philbrook LE, El-Sheikh M. Neighbor-
hood economic deprivation and social fragmentation: associations with 
children’s sleep. Behav Sleep Med. 2018. https:// doi. org/ 10. 1080/ 15402 
002. 2016. 12530 11.

 31. Fairclough SJ, Boddy LM, Hackett AF, Stratton G. Associations between 
children’s socioeconomic status, weight status, and sex, with screen-
based sedentary behaviours and sport participation. Int J Pediatr Obes. 
2009;4(4):299–305. https:// doi. org/ 10. 3109/ 17477 16090 28112 15.

 32. Molina-García J, Queralt A. Neighborhood built environment and socioeco-
nomic status in relation to active commuting to school in children. J Phys 
Act Health. 2017. https:// doi. org/ 10. 1123/ jpah. 2017- 0033.

 33. Smith M, Hosking J, Woodward A, Witten K, MacMillan A, Field A, et al. 
Systematic literature review of built environment effects on physical activity 
and active transport - an update and new findings on health equity. Int J 
Behav Nutr Phys Act. 2017. https:// doi. org/ 10. 1186/ s12966- 017- 0613-9.

https://doi.org/10.1371/journal.pone.0105620
https://doi.org/10.1371/journal.pone.0105620
https://doi.org/10.1016/j.sleep.2018.11.021
https://apps.who.int/iris/handle/10665/311664
https://apps.who.int/iris/handle/10665/311664
https://www.health.gov.au/health-topics/physical-activity-and-exercise/physical-activity-and-exercise-guidelines-for-all-australians/for-children-and-young-people-5-to-17-years
https://www.health.gov.au/health-topics/physical-activity-and-exercise/physical-activity-and-exercise-guidelines-for-all-australians/for-children-and-young-people-5-to-17-years
https://www.health.gov.au/health-topics/physical-activity-and-exercise/physical-activity-and-exercise-guidelines-for-all-australians/for-children-and-young-people-5-to-17-years
https://www.health.gov.au/health-topics/physical-activity-and-exercise/physical-activity-and-exercise-guidelines-for-all-australians/for-children-and-young-people-5-to-17-years
https://doi.org/10.1186/s12889-019-6760-y
https://doi.org/10.1186/s12889-019-6760-y
https://doi.org/10.1186/s12889-019-6759-4
https://doi.org/10.1186/s12889-019-6759-4
https://doi.org/10.1093/aje/kwac212
https://doi.org/10.1371/journal.pone.0139984
https://doi.org/10.1371/journal.pone.0139984
https://doi.org/10.1371/journal.pone.0184472
https://doi.org/10.1186/s13612-015-0037-8
https://doi.org/10.1186/s13612-015-0037-8
https://doi.org/10.1016/j.jsams.2019.10.017
https://doi.org/10.1016/j.jsams.2019.10.017
https://doi.org/10.1016/j.jsams.2019.12.002
https://doi.org/10.1016/j.amepre.2016.12.008
https://doi.org/10.1111/apa.14176
https://doi.org/10.1111/apa.14176
https://doi.org/10.1136/bmjopen-2018-023191
https://doi.org/10.1139/apnm-2015-0626
https://doi.org/10.2147/NSS.S126252
https://doi.org/10.1093/sleep/zsz126
https://doi.org/10.1080/15402002.2018.1425868
https://doi.org/10.1111/josh.12761
https://doi.org/10.1111/josh.12761
https://doi.org/10.1186/1479-5868-11-4
https://doi.org/10.1186/1479-5868-11-4
https://doi.org/10.1080/15402002.2016.1253011
https://doi.org/10.1080/15402002.2016.1253011
https://doi.org/10.3109/17477160902811215
https://doi.org/10.1123/jpah.2017-0033
https://doi.org/10.1186/s12966-017-0613-9


Page 14 of 14Wilhite et al. Int J Behav Nutr Phys Act           (2023) 20:88 

 34. Musić Milanović S, Buoncristiano M, Križan H, Rathmes G, Williams J, Hyska 
J, et al. Socioeconomic disparities in physical activity, sedentary behavior 
and sleep patterns among 6- to 9-year-old children from 24 countries in the 
WHO European region. Obes Rev. 2021; https:// doi. org/ 10. 1111/ obr. 13209.

 35. Lampinen E-K, Eloranta A-M, Haapala EA, Lindi V, Väistö J, Lintu N, et al. Physi-
cal activity, sedentary behaviour, and socioeconomic status among Finnish 
girls and boys aged 6–8 years. EJSS. 2017. https:// doi. org/ 10. 1080/ 17461 391. 
2017. 12946 19.

 36. Jones CHD, Ball H. Exploring socioeconomic differences in bedtime behav-
iours and sleep duration in English preschool children. Infant Child Dev. 
2014. https:// doi. org/ 10. 1002/ icd. 1848.

 37. Saunders TJ, Rollo S, Kuzik N, Demchenko I, Bélanger S, Brisson-Boivin K, et al. 
International school-related sedentary behaviour recommendations for 
children and youth. Int J Behav Nutr Phys Act. 2022. https:// doi. org/ 10. 1186/ 
s12966- 022- 01259-3.

 38. World Health Organization. Social determinants of health. https:// www. 
who. int/ health- topics/ social- deter minan ts- of- health. Accessed 13 May 
2023.

 39. U.S. Department of Health and Human Services. Health equity in healthy 
people 2030 office of disease prevention and health promotion. https:// 
health. gov/ healt hypeo ple/ prior ity- areas/ health- equity- healt hy- people- 
2030. Accessed 13 Feb 2023.

 40. Australian Institute of Health and Welfare. Social determinants of health. 
https:// www. aihw. gov. au/ repor ts/ austr alias- health/ social- deter minan ts- of- 
health. Accessed 13 May 2023.

 41. Mullan K. Longitudinal analysis of LSAC time diary data: considerations for 
data users. LSAC technical paper. In: Studies AloF; 2014.

 42. Corey J, Gallagher J, Davis E, Marquardt M. The times of their lives: collecting 
time use data from children in the Longitudinal Study of Australian Children 
(LSAC). LSAC technical paper. In: Studies AloF; 2014;13.

 43. Prat IA, Viñolas EC, Cañas JCM, Wasley DA, Puig-Ribera A. From secondary 
school to university: associations between sport participation and total and 
domain-specific sedentary behaviours in Spanish students. Eur J Pediatr. 
2020. https:// doi. org/ 10. 1007/ s00431- 020- 03655-y.

 44. Cabanas-Sánchez V, Esteban-Cornejo I, Izquierdo-Gómez R, Padilla-Moledo 
C, Castro-Piñero J, Veiga ÓL. How socio-demographic and familiar circum-
stances are associated with total and domain-specific sedentary behaviour 
in youth? The UP&DOWN study EJSS. 2020. https:// doi. org/ 10. 1080/ 17461 
391. 2019. 16912 71.

 45. van Buuren S, Groothuis-Oudshoorn K. Package “mice.” 2015.
 46. Gracia P, Garcia-Roman J, Oinas T, Anttila T. Do boys’ and girls’ daily activities 

differ? Cross-country evidence. 2020. https:// doi. org/ 10. 31235/ osf. io/ nruq7.
 47. Ferrar KE, Olds TS, Walters JL. All the stereotypes confirmed: differences 

in how Australian boys and girls use their time. Health Educ Behav. 2012. 
https:// doi. org/ 10. 1177/ 10901 98111 423942.

 48. Baker K, Sipthorp M, Edwards B. A longitudinal measure of socioeconomic 
position in LSAC. Australian Institute of Family Studies Melbourne, Australia; 
2017.

 49. Australian Bureau of Statistics. ANZSCO - Australian and New Zealand Stand-
ard Classification of Occupations. https:// www. abs. gov. au/ stati stics/ class 
ifica tions/ anzsco- austr alian- and- new- zeala nd- stand ard- class ifica tion- occup 
ations/ latest- relea se. Accessed 2 May 2023.

 50. Magrini A. gbmt: group-based multi-trajectory modeling. 2021.
 51. Nagin DS, Jones BL, Passos VL, Tremblay RE. Group-based multi-trajectory 

modeling. Stat Methods Med Res. 2018;27(7):2015–23. https:// doi. org/ 10. 
1177/ 09622 80216 673085.

 52. Klijn SL, Weijenberg MP, Lemmens P, van den Brandt PA, Lima Passos V. 
Introducing the fit-criteria assessment plot - a visualisation tool to assist 
class enumeration in group-based trajectory modelling. Stat Methods Med 
Res. 2017;26(5):2424–36. https:// doi. org/ 10. 1177/ 09622 80215 598665.

 53. Venables WN, Ripley BD. Modern Applied Statistics with S-PLUS. Springer 
Science & Business Media; 2013.

 54. Mitchell JA, Morales KH, Williamson AA, Huffnagle N, Ludwick A, Grant SFA, 
et al. Changes in sleep duration and timing during the middle-to-high 
school transition. J Adolesc Health. 2020. https:// doi. org/ 10. 1016/j. jadoh 
ealth. 2020. 04. 024.

 55. Mitchell TB, Steele RG. Latent profiles of physical activity and sedentary 
behavior in elementary school-age youth: associations with health-related 
quality of life. J Pediatr Psychol. 2017. https:// doi. org/ 10. 1093/ jpepsy/ jsx149.

 56. Santos JS, Beijamini F, Louzada FM. Napping behavior in adolescents: con-
sensus, dissents, and eecommendations. Sleep and Vigilance. 2021. https:// 
doi. org/ 10. 1007/ s41782- 021- 00155-3.

 57. Faraut B, Andrillon T, Vecchierini M-F, Leger D. Napping: a public health issue 
From epidemiological to laboratory studies. Sleep Med Rev. 2017;35:85–100. 
https:// doi. org/ 10. 1016/j. smrv. 2016. 09. 002.

 58. Roessler KK, Grove S. Adolescents need more sleep: rethinking the preven-
tive options of school environments. Scand J Public Health. 2020. https:// 
doi. org/ 10. 1177/ 14034 94818 785788.

 59. Cameron AJ, Spence AC, Laws R, Hesketh KD, Lioret S, Campbell KJ. A 
review of the relationship between socioeconomic position and the early-
life predictors of obesity. Curr Obes Rep. 2015. https:// doi. org/ 10. 1007/ 
s13679- 015- 0168-5.

 60. Bowser J, Martinez-Donate AP, Carrel A, Allen DB, Moberg DP. Disparities in 
fitness and physical activity among children. WMJ. 2016;115:245–50.

 61. Berenbaum SA, Beltz AM, Corley R. The importance of puberty for adoles-
cent development: conceptualization and measurement. Adv Child Dev 
Behav. 2015. https:// doi. org/ 10. 1016/ bs. acdb. 2014. 11. 002.

 62. Iimura S. Developmental trajectories of event centrality and socio-
emotional well-being after transition to high school. Br J Dev Psychol. 
2020;38:497–511.

 63. Hrafnkelsdottir SM, Brychta RJ, Rognvaldsdottir V, Gestsdottir S, Chen KY, 
Johannsson E, et al. Less screen time and more frequent vigorous physical 
activity is associated with lower risk of reporting negative mental health 
symptoms among Icelandic adolescents. PLoS ONE. 2018. https:// doi. org/ 
10. 1371/ journ al. pone. 01962 86.

 64. Ridgers ND, Timperio A, Crawford D, Salmon J. Five-year changes in school 
recess and lunchtime and the contribution to children’s daily physical activ-
ity. Br J Sports Med. 2012. https:// doi. org/ 10. 1136/ bjsm. 2011. 084921.

 65. Arundell L, Ridgers ND, Veitch J, Salmon J, Hinkley T, Timperio A. 5-year 
changes in afterschool physical activity and sedentary behavior. Am J Prev 
Med. 2013. https:// doi. org/ 10. 1016/j. amepre. 2013. 01. 029.

 66. Janssen I, Roberts KC. Is adherence to the Canadian 24-hour movement 
behaviour guidelines for children and youth associated with improved 
indicators of physical, mental, and social health? Appl Physiol Nutr Metab. 
2017. https:// doi. org/ 10. 1139/ apnm- 2016- 0681.

 67. Lacy KE, Allender SE, Kremer PJ, de Silva-Sanigorski AM, Millar LM, Moodie 
ML, et al. Screen time and physical activity behaviours are associated with 
health-related quality of life in Australian adolescents. Qual Life Res. 2012. 
https:// doi. org/ 10. 1007/ s11136- 011- 0014-5.

 68. López-Gil JF, Roman-Viñas B, Aznar S, Tremblay MS. Meeting 24-h move-
ment guidelines: prevalence, correlates, and associations with socioemo-
tional behavior in Spanish minors. Scand J Med Sci Sports. 2022;32:881–91.

 69. Tandon PS, Zhou C, Sallis JF, Cain KL, Frank LD, Saelens BE. Home environ-
ment relationships with children’s physical activity, sedentary time, 
and screen time by socioeconomic status. Int J Behav Nutr Phys Act. 
2012;9:88–88.

 70. del Pozo-Cruz B, Perales F, Parker P, Lonsdale C, Noetel M, Hesketh KD, et al. 
Joint physical-activity/screen-time trajectories during early childhood: 
socio-demographic predictors and consequences on health-related quality-
of-life and socio-emotional outcomes. Int J Behav Nutr Phys Act. 2019. 
https:// doi. org/ 10. 1186/ s12966- 019- 0816-3.

 71. van der Ploeg HP, Merom D, Chau JY, Bittman M, Trost SG, Bauman AE. 
Advances in population surveillance for physical activity and sedentary 
behavior: reliability and validity of time use surveys. Am J Epidemiol. 2010. 
https:// doi. org/ 10. 1093/ aje/ kwq265.

 72. Gershuny J, Harms T, Doherty A, Thomas E, Milton K, Kelly P, et al. Testing 
self-report time-use diaries against objective instruments in real time. Sociol 
Methodol. 2020. https:// doi. org/ 10. 1177/ 00811 75019 884591.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/obr.13209
https://doi.org/10.1080/17461391.2017.1294619
https://doi.org/10.1080/17461391.2017.1294619
https://doi.org/10.1002/icd.1848
https://doi.org/10.1186/s12966-022-01259-3
https://doi.org/10.1186/s12966-022-01259-3
https://www.who.int/health-topics/social-determinants-of-health
https://www.who.int/health-topics/social-determinants-of-health
https://health.gov/healthypeople/priority-areas/health-equity-healthy-people-2030
https://health.gov/healthypeople/priority-areas/health-equity-healthy-people-2030
https://health.gov/healthypeople/priority-areas/health-equity-healthy-people-2030
https://www.aihw.gov.au/reports/australias-health/social-determinants-of-health
https://www.aihw.gov.au/reports/australias-health/social-determinants-of-health
https://doi.org/10.1007/s00431-020-03655-y
https://doi.org/10.1080/17461391.2019.1691271
https://doi.org/10.1080/17461391.2019.1691271
https://doi.org/10.31235/osf.io/nruq7
https://doi.org/10.1177/1090198111423942
https://www.abs.gov.au/statistics/classifications/anzsco-australian-and-new-zealand-standard-classification-occupations/latest-release
https://www.abs.gov.au/statistics/classifications/anzsco-australian-and-new-zealand-standard-classification-occupations/latest-release
https://www.abs.gov.au/statistics/classifications/anzsco-australian-and-new-zealand-standard-classification-occupations/latest-release
https://doi.org/10.1177/0962280216673085
https://doi.org/10.1177/0962280216673085
https://doi.org/10.1177/0962280215598665
https://doi.org/10.1016/j.jadohealth.2020.04.024
https://doi.org/10.1016/j.jadohealth.2020.04.024
https://doi.org/10.1093/jpepsy/jsx149
https://doi.org/10.1007/s41782-021-00155-3
https://doi.org/10.1007/s41782-021-00155-3
https://doi.org/10.1016/j.smrv.2016.09.002
https://doi.org/10.1177/1403494818785788
https://doi.org/10.1177/1403494818785788
https://doi.org/10.1007/s13679-015-0168-5
https://doi.org/10.1007/s13679-015-0168-5
https://doi.org/10.1016/bs.acdb.2014.11.002
https://doi.org/10.1371/journal.pone.0196286
https://doi.org/10.1371/journal.pone.0196286
https://doi.org/10.1136/bjsm.2011.084921
https://doi.org/10.1016/j.amepre.2013.01.029
https://doi.org/10.1139/apnm-2016-0681
https://doi.org/10.1007/s11136-011-0014-5
https://doi.org/10.1186/s12966-019-0816-3
https://doi.org/10.1093/aje/kwq265
https://doi.org/10.1177/0081175019884591

	Socioeconomic position as a predictor of youth’s movement trajectory profiles between ages 10 and 14 years
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Dataset
	Time-use
	Socioeconomic position
	Data analysis

	Results
	Participant characteristics
	General movement trajectories
	Domain-specific movement trajectories
	Socioeconomic position as a predictor of movement trajectory profile membership.

	Discussion
	Conclusion
	Anchor 20
	Acknowledgements
	References


