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Abstract
Background
Health benefits have been linked with physical activity (PA), as well as some domains of PA among youth (e.g. organized PA and active transport). However, less is known about whether some PA domains are more beneficial than others. There is also a lack of evidence about whether health outcomes are related to the composition of PA (i.e. the share of PA spent in different domains). This study aimed to identify: (1) how the absolute durations of organized PA, non-organized PA, active transport and active chores/work at 10-11y are individually associated with physical, psychosocial and total health-related quality of life (HRQOL) at 10-11y and 12-13y; and (2) how the domain-specific composition of PA at 10-11y is associated with HRQOL at 10-11y and 12-13y.

Methods
Data from the Longitudinal Study of Australian Children were used in cross-sectional (n ≥ 2730) and longitudinal analyses (n ≥ 2376). Measurement included the Pediatric Quality of Life Inventory (PedsQL™) for HRQOL domains and one-day time-use diaries (TUDs) for PA domains. Robust linear regression models were used, controlling for age, sex, pubertal status, socioeconomic position, body mass index and TUD context (season and school attendance). Compositional models additionally adjusted for total PA duration and longitudinal models controlled for baseline PedsQL™ scores.

Results
Non-compositional models indicated that the duration of organized PA, and to a lesser extent non-organized PA, were positively but weakly associated with some HRQOL outcomes at 10-11y. These trends were not reflected in longitudinal models, although a 30-min increase in non-organized PA per day did predict marginally better psychosocial HRQOL at 12-13y (+ 0.17%; 95%CI =  + 0.03%, + 0.32%). Compositional models revealed that a 30-min increase in organized PA relative to other domains was positively but weakly associated with physical (+ 0.32%; 95%CI =  + 0.01%, + 0.63%), psychosocial (+ 0.41%; 95%CI =  + 0.11%, + 0.72%) and total HRQOL (+ 0.39%; 95%CI =  + 0.12%, + 0.66%) at 10-11y. However, the overall PA composition at 10-11y was not related to HRQOL at 12-13y.

Conclusions
Non-compositional and compositional models generally concurred on the direction of cross-sectional and longitudinal relationships (and lack thereof) between PA domains and HRQOL outcomes. The strongest associations were cross-sectional between organized PA and HRQOL at 10-11y. However, all associations between PA domains and HRQOL outcomes were weak and may not be clinically meaningful.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12966-023-01466-6.
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Background
Physical activity (PA) participation has been beneficially linked with a number of health outcomes (e.g., adiposity, cardiometabolic biomarkers and physical fitness) during childhood and adolescence [1]. However, PA participation has been frequently reported to be insufficient among youth and is prone to decline with age [2]. As a result, PA promotion is a key public health priority among researchers and policymakers [3].
An emerging area of research relates to particular groupings of PA participation, known as domains of PA [4]. Common PA domains include transportation, active chores/household work and leisure-time PA [5]. Active transport includes activities such as walking/cycling to school or other locations [6]. Active chores/household work may include activities such as cleaning and gardening [7, 8]. Leisure-time PA is sometimes divided into organized and non-organized activities among children and adolescents. Organized PA includes structured activities that usually have rules and are led by an adult (e.g. club sports or dance classes) [9]; and non-organized PA includes more unstructured, freely chosen and self-directed activities (e.g. playground games and kicking a ball in a park) [6]. Studies of PA domains such as these are useful because they can provide a more nuanced understanding of different PA participation patterns. For example, evidence from a systematic review suggests that participation in active transport may be likely to increase during childhood [10] and a previous Australian longitudinal study identified that non-organized PA may be particularly prone to decline between childhood and adolescence [11].
One aspect of this field of research relates to the health benefits associated with participation in domains of PA [4]. Both physical and psychosocial outcomes are important to consider, as PA context might affect these differently. Previous reviews have reported physical and psychosocial outcomes as being associated with organized PA (e.g. [12, 13]), non-organized PA (e.g. [14, 15]) and active transport (e.g. [16, 17]). By contrast, very few studies have tested health associations for active chores/work, and no known studies have concurrently investigated longitudinal associations between the four aforementioned PA domains and a health-related outcome. Some studies have investigated associations between three of these aforementioned PA domains (i.e., organized PA, non-organized PA, active transport) and health-related outcomes, although these studies were all cross-sectional in nature [18-22]. Several other studies have explored health-related associations for two of the aforementioned PA domains (i.e., organized PA, active transport), with most adopting cross-sectional methods [23-26], although some studies were longitudinal [27-29]. However to the authors’ knowledge, no existing studies have explored longitudinal associations between health-related outcomes and the duration of organized PA, non-organized PA, active transport and active chores/work in the same sample of youth.
Health-related quality of life (HRQOL) is one outcome that is often used as a global measure of individuals’ perceptions of their own health and well-being [30]. Generally, HRQOL is associated with higher PA levels among children, however few studies have considered whether the domain of PA is important in this relationship [30]. Five studies have reported positive associations between binary (Yes vs No) participation in organized PA/sports and HRQOL [31-35]. Two studies reported weak beneficial associations between the duration of organized PA/sport and HRQOL [36, 37]. A third study reported that organized PA was positively associated with HRQOL and that active transport was negatively associated with HRQOL among girls [19]. Finally, one study reported that overall HRQOL was weakly associated with organized PA but not non-organized PA [38]. Importantly, most of these previous studies were cross-sectional [19, 31-33, 36, 38], while those with longitudinal designs only tested associations for a single domain in isolation (organized PA or sports) [34, 35, 37]. By contrast, testing longitudinal associations for multiple PA domains concurrently would provide useful information about whether certain PA domains are more strongly associated with future HRQOL outcomes than others.
Another way to explore the potential associations between domain-specific PA and HRQOL may be to consider the composition of PA. Compositional approaches have been previously used to analyse constrained data that add to a fixed total value, such as 24-h movement behaviours (i.e. PA, sleep and sedentary behaviour) [39, 40]. However, it is also possible to apply compositional approaches in situations where the total value varies between individuals, such as accelerometer data collected using a waking wear protocol [41]. The CoDA-with-a-total (or tCoDA) approach, which enables the inclusion of all parts of a composition while taking into account the total value, has previously been used to explore the associations between body composition/mass and health outcomes [42, 43]. To our knowledge, the CoDA-with-a-total approach has not yet been applied to domain-specific PA and represents a novel way to explore this topic. A key outcome of this approach would be to identify whether the share of PA time in different domains is important for health. It could also enable a comparison of whether health-related outcomes are mainly associated with the composition of PA or the absolute duration of domain-specific PA (or both). Therefore, this study aimed to identify: (1) how the absolute durations of organized PA, non-organized PA, active transport and active chores/work at 10-11y are individually associated with physical, psychosocial and total HRQOL at 10-11y and 12-13y; and (2) how the domain-specific composition of PA at 10-11y is associated with HRQOL at 10-11y and 12-13y, independent of total PA.

Materials and methods
Setting and procedures
The data source for this study was the Birth (B) cohort of the Longitudinal Study of Australian Children (LSAC). LSAC is a national longitudinal research project managed by the Australian Department of Social Services which aims to “identify policy opportunities for improving support for children and their families, and identifying the opportunities for early intervention” [44]. Data are publicly available upon application [45]. LSAC data collection processes were approved by the ethics committee of the Australian Institute of Family Studies, and informed consent was provided by parents or legal guardians on behalf of participating children at baseline [46]. The use of data in the present study was approved by the University of Wollongong Human Research Ethics Committee (2022/256).

Participants
A nationally-representative sample of participants was recruited from the Australian Medicare database at the beginning of the LSAC study (2004) and have been followed-up every two years to date. Participants were recruited via a two-stage clustered design, involving the random selection of postcodes then families [44]. Stratified selection was used to ensure proportional inclusion of participants of each Australian state and territory across major city and regional/remote areas. Eligible children were born between March 2003 and February 2004 [44]. A total of 5107 families were recruited at baseline (57% of those invited to participate). LSAC utilize a variety of methods to follow-up participants between waves including mail, telephone and in-person visits [44]. The present study uses LSAC B cohort data collected during Wave 6 (2014) and Wave 7 (2016).

Measurement of HRQOL
The main outcome variables in this study were HRQOL domains, measured at 10-11y and 12-13y using the Pediatric Quality of Life Inventory (PedsQL™) [47]. PedsQL™ consists of 23 items that assess four generic core scales: physical functioning (8 items; e.g., “How often would you say this child has had a problem with walking?”), emotional functioning (5 items; e.g., “How often would you say this child has had a problem with feeling afraid or scared?”), social functioning (5 items; e.g., “How often would you say this child has had a problem with getting along with other children?”) and school functioning (5 items; e.g., “How often would you say this child has had a problem with paying attention in class?”) [47]. Each item is measured on a 5-point scale ranging from 0 (never a problem) to 4 (almost always a problem). To account for missing data, the generic core scale scores are derived by summing the items and then dividing by the number of items in the scale, as per published instructions. Scales are then linearly transformed and reverse-scored from 0–100, with higher scores corresponding with better functioning [47]. PedsQL™ also provides a psychosocial functioning summary scale (calculated as the mean of the items in the emotional, social and school subscales) and a total functioning summary scale (calculated as the mean of all items) [47]. The key outcomes in the present study were the physical functioning generic core scale, the psychosocial functioning summary scale and the total functioning summary scale. Findings for the components of psychosocial functioning (emotional, social and school) are presented in Additional file 1 and Additional file 2. The parent-reported version of PedsQL™ was used in LSAC, and this has been shown to have strong internal consistency reliability for physical functioning (α = 0.88), psychosocial functioning (α = 0.86) and total functioning (α = 0.90) [47]. These scales have also been validated against indicators such as the extent to which the child’s HRQOL interfered with the parent’s work routine, with moderate correlations found for physical functioning (r = –0.31), psychosocial functioning (r = –0.43) and total functioning (r = –0.44). To allow greater interpretability, PedsQL™ scores have been converted to percentages in the present study by dividing them by the maximum possible score of 100. Varni and colleagues previously reported minimum clinically important differences for the PedsQL™ scales which represent the smallest difference in scores that patients are likely to perceive as beneficial. As percentages, these thresholds are + 6.9% for physical HRQOL, + 5.5% for psychosocial HRQOL and + 4.5% for total HRQOL [48].

Measurement of domain-specific PA
It can be challenging to accurately capture habitual time spent in PA domains, as device-based methods such as accelerometers cannot differentiate between these domains. Subjective methods of capturing activity need to be used [49]. Surveys and questionnaires on average times (e.g., over the last week or month) spent in behaviours of interest are often used for PA domains; however, these have the limitation of not being bounded by the 24-h day, i.e., the total time spent across PA domains could potentially sum to more than 24 h. Time-use recalls or time-use diaries attempt to overcome this limitation by capturing activities within the context of a complete 24-h day [49]. However, 24-h instruments are more burdensome to participants, and often require trained interviewers to assist the recall process. Thus, the feasibility of capturing multiple days is limited, and activity data are specific to the day(s) that was recalled.
The main predictor variables in this study were the durations of domain-specific PA participation (min/day), measured using a one-day time-use diary (TUD). Participants received a structured paper diary with instructions to record activities in their own words for the day before their interview at 10-11y (between wake and sleep times) [50]. Participants who attended school on this day were told to record activities that occurred during school breaks but not during lessons (such as physical education (PE) lessons). Diary entries were then coded by interviewers using a predetermined coding framework during the home visit [50]. Interviewers were trained to prompt the child for additional information during this process, such as to fill gaps in the diary [50].
Variables corresponding with the duration of each PA domain were calculated based on specific TUD activity codes using a series of steps, consistent with our previous research [11]. Firstly, the duration of each activity was calculated as the difference between the start and end time. It was assumed that each activity ended at the start time of the next activity in sequence for each child, with the final activity ending at the child’s bed time. The total duration of each activity code was then aggregated for each participant. Although participants could record up to six activities concurrently, some domains (such as organized PA) seemed incongruent as a concurrent activity. For consistency, participation in domains of PA was based on the primary activity selected. An additional quality improvement process was also conducted prior to the present study which involved comparing TUD codes with free-text descriptions of activities included in the LSAC datasets. More details about this process have been provided in a previous study [51]. Additional file 3 defines the domains of PA that were used in the present study. It is important to note that only one day of activities was recorded by each participant. This may impact the validity of the measurement of time spent in PA domains, particularly if a child regularly participated in sport or active chores on a different day of the week than was assessed by the TUD.

Measurement of other variables
Models controlled for potential confounding variables including sex, age in months, body mass index (BMI), pubertal status and socioeconomic position, as has been done previously [52]. Analyses also adjusted for TUD contextual variables (season and school attendance) that may have been related to participants’ PA time. BMI was calculated by LSAC and provided as a z-score based on the CDC growth charts [53] using the child’s height and weight as measured by LSAC interviewers. Pubertal status was assessed using the Petersen pubertal development scale, which asked the parent to assess the extent of the child’s development of body hair, growth spurt, skin changes, facial hair (males), voice changes (males), breast changes (females) and menarche (females) [54]. This scale has adequate reliability (α = 0.77) and has been validated against physicians’ assessments [54]. Socioeconomic position was determined using an LSAC-derived scale based on household income, occupational status of parents and educational attainment of parents [55]. This scale has been validated against indicators such as experiencing economic hardship and being a recipient of income support payments [56]. In terms of TUD contextual variables, season was derived from the month of interview and school attendance was included as a variable in LSAC datasets. Missing data for school attendance was imputed using the ‘school lessons’ TUD code (it was assumed that children attended school if this code was used).

Analyses
Robust linear regressions were used to assess the relationship between HRQOL outcomes and: (1) the absolute duration of PA domains; and (2) the domain-specific PA composition. Initial data processing was performed using IBM SPSS Statistics (version 26; IBM Corp., Armonk, NY, USA). Data analyses were performed in R (version 1.4.1103; R Foundation for Statistical Computing, Vienna, Austria) using packages including ‘robCompositions’ and ‘robustbase’. Robust models were used due to heteroscedasticity in residuals and potentially outlying observations. Due to the likely rounding of TUD entries to the nearest 5 min, all values for PA domains were consistently rounded to 5-min increments. In addition, TUDs were included in analyses if they had more than 12 h of activities between wake and bedtimes, similar to the approach of Chong and colleagues [56]. TUDs below this threshold were likely to be incomplete or to have unusual sleep patterns (e.g. due to sickness). Effect sizes and confidence intervals were used to report and interpret the results, with the exception of the ANOVA table of model fit for the overall compositional models as described further below. P-values for the full models are provided in Additional file 1 and Additional file 2.
In the first set of analyses, the absolute durations of each PA domain (min/day) were individually included in regression models to predict HRQOL scores at 10-11y (cross-sectional) and at 12-13y (longitudinal), while controlling for potential confounding variables. Longitudinal models additionally controlled for HRQOL scores at 10-11y to determine the additional future benefit associated with participation in PA domains.
The second set of analyses tested associations between the domain-specific PA composition at 10-11y and HRQOL scores at 10-11y (cross-sectional) and at 12-13y (longitudinal). Prior to conducting regressions, a compositional data analysis approach (CoDA) was used to generate four sets of isometric log-ratio (ilr) coordinates, each representing time spent in one PA domain at 10-11y relative to all remaining domains [40]. To avoid undefined values when calculating ilrs, zero values in PA domains were classified as “rounded” under the assumption that every child would eventually accumulate time in each PA domain if the recording period was longer. Zeros were replaced using a multiplicative replacement strategy (65% of the smallest recorded duration, i.e., 1 min) [57]. The set of ilrs were then included in robust linear regression models to predict HRQOL scores, while controlling for potential confounding variables. The multiplicative total of PA domains was included in models to control for the total amount of PA (min/day) at 10-11y, as per the ‘CoDA with a total’ approach (tCoDA) [42]. Longitudinal compositional models also controlled for the HRQOL scores at 10-11y as was done in non-compositional models. The ANOVA table of model fit was used to determine whether the set of ilrs collectively had a statistically significant association with HRQOL outcomes. The robust regression coefficients were used to perform compositional reallocations of 30 min to one activity domain (which we considered a feasible behaviour change), taking time proportionately (pro rata) from the remaining activity domains [40]. Additionally, HRQOL outcomes associated with incrementally increasing the share of PA time spent in each domain in 5% units were plotted to aid meaningful interpretation of effect sizes. These visualisations were based on predictive formulas that estimated outcomes for every possible theoretical iteration of domain-specific PA in 5% increments within the bounds of the study sample, similar to the approach of Dumuid and colleagues [58].


Results
A total of 3764 participants took part in the main LSAC interview at 10-11y. Of these, 3120 participants (83%) were included in at least one analytic sample in the present study (see Fig. 1). Participants were excluded if they had missing data or if their time-use diary data were invalid. Compared with participants who were included in at least one analytic sample, those who were excluded from all final models were slightly older, of lower socioeconomic position and were less likely to complete the TUD on a school day (see Table 1). The average follow-up duration for participants included in at least one longitudinal model was 24.6 months (SD = 3.1 months, n = 2710).[image: ]
Fig. 1Flowchart showing the reasons for exclusion from the analytic samples

Table 1Characteristics of participants included in at least one analytic sample and the total sample


	 	Included in ≥ 1 analytic sample (n = 3120)
	All participants at 10-11y (n = 3764) a

	Males, n (%)
	1592 (51.0%)
	1929 (51.2%)

	Age in months, mean (SD)
	130.5 (4.0) b
	130.6 (4.0)

	Socioeconomic position, z-scored, mean (SD)
	0.0 (1.0) b
	0.0 (1.0)

	BMI, z-score
	0.3 (1.2)
	0.3 (1.2)

	Pubertal development score c
	1.7 (0.5)
	1.7 (0.5)

	Attended school on day of TUD, n (%)
	1602 (51.3%) b
	1683 (48.7%)

	Season of measurement, n (%)

	 Summer
	61 (2.0%)
	72 (2.1%)

	 Autumn
	774 (24.8%)
	848 (24.5%)

	 Winter
	1227 (39.3%)
	1380 (39.8%)

	 Spring
	1058 (33.9%)
	1166 (33.6%)

	PA domain participation at 10-11y (min/day)

	 Non-organized PA, mean (SD)
	67.2 (81.4)
	66.9 (81.4)

	 Organized PA, mean (SD)
	27.5 (55.5)
	27.2 (55.0)

	 Active transport, mean (SD)
	9.7 (27.2)
	9.9 (27.8)

	 Active chores/work, mean (SD)
	15.4 (38.7)
	15.6 (39.4)

	HRQOL outcomes at 10-11y (PedsQL™ scores)

	 Physical functioning, mean (SD)
	84.3 (14.8)
	83.9 (15.4)

	 Psychosocial functioning, mean (SD)
	77.4 (14.9)
	76.9 (15.4)

	 Total functioning, mean (SD)
	80.5 (13.1)
	80.0 (13.6)

	HRQOL outcomes at 12-13y (PedsQL™ scores)

	 Physical functioning, mean (SD)
	84.1 (15.2)
	83.9 (15.5)

	 Psychosocial functioning, mean (SD)
	78.9 (14.7)
	78.8 (14.8)

	 Total functioning, mean (SD)
	81.2 (13.2)
	81.1 (13.4)


HRQOL health-related quality of life, n number of participants, PA physical activity, PedsQL™ Pediatric Quality of Life Inventory, % proportion of sample, SD standard deviation, TUD time use diary. Percentages may add to more than 100% due to rounding
a Variable-specific missing data for all participants at 10-11y: socioeconomic position (n = 57), BMI z-score (n = 192), pubertal development score (n = 57), school attendance on day of TUD (n = 309), season of measurement (n = 298), PA domain participation (n = 525; one additional value was missing for active transport due to an implausibly large value that was removed), PedsQL™ scores at 10-11y (n = 111). PedsQL™ scores at 12-13y (n = 965)
b Participants with available covariate data who were excluded from all models were slightly older (131.1 months, p = 0.001, n = 644), of lower socioeconomic position (-0.2, p < 0.001, n = 587) and were less likely to have completed the TUD on a school day (24.2%, p < 0.001, n = 335), compared with those included in at least one model (n = 3120)
c The pubertal development scale ranged from 1 (least developed) to 4 (most developed)



Non-compositional models
A total of 3120 participants were included in models that tested cross-sectional associations between the absolute duration of PA domains and HRQOL outcomes at 10-11y. The results of the models are detailed in Table 2 and visualised in Fig. 2. Results showed that the durations of organized PA, and to a lesser extent, non-organized PA were positively associated with HRQOL at 10-11y. A 30-min increase in organized PA per day was associated with slightly better physical HRQOL (β =  + 0.45%, 95%CI =  + 0.27%, + 0.63%), psychosocial HRQOL (β =  + 0.55%, 95%CI =  + 0.27%, + 0.83%) and total HRQOL at 10-11y (β =  + 0.54%, 95%CI =  + 0.31%, + 0.76%). In addition, a 30-min increase in non-organized PA per day was associated with marginally better physical HRQOL (β =  + 0.14%, 95%CI =  + 0.0004%, + 0.28%) and total HRQOL at 10-11y (β =  + 0.17%, 95%CI =  + 0.01%, + 0.32%). The duration of other PA domains were not associated with HRQOL outcomes at 10-11y.Table 2Associations between domain-specific PA duration at 10-11y and HRQOL outcomes at 10-11y and 12-13y


	PA domain
	Cross-sectional models (n = 3120)a
	Longitudinal models (n = 2710)a

	 + 30 min
	 + 30 min

	Estimate
	95% CI
	Estimate
	95% CI

	Physical functioningb

	 Non-organized PA
	 + 0.14%
	 + 0.001%, + 0.28%
	 + 0.01%
	–0.10%, + 0.13%

	 Organized PA
	 + 0.45%
	 + 0.27%, + 0.63%
	 + 0.04%
	–0.11%, + 0.20%

	 Active transport
	 + 0.05%
	–0.29%, + 0.39%
	–0.29%
	–0.70%, + 0.11%

	 Active chores/work
	–0.01%
	–0.31%, + 0.29%
	 + 0.02%
	–0.31%, + 0.36%

	Psychosocial functioningc

	 Non-organized PA
	 + 0.14%
	–0.05%, + 0.33%
	 + 0.17%
	 + 0.03%, + 0.32%

	 Organized PA
	 + 0.55%
	 + 0.27%, + 0.83%
	 + 0.21%
	–0.003%, + 0.41%

	 Active transport
	 + 0.33%
	–0.20%, + 0.86%
	 + 0.05%
	–0.37%, + 0.47%

	 Active chores/work
	–0.15%
	–0.57%, + 0.27%
	 + 0.05%
	–0.28%, + 0.39%

	Total functioningd

	 Non-organized PA
	 + 0.17%
	 + 0.01%, + 0.32%
	 + 0.10%
	–0.02%, + 0.22%

	 Organized PA
	 + 0.54%
	 + 0.31%, + 0.76%
	 + 0.12%
	–0.05%, + 0.28%

	 Active transport
	 + 0.21%
	–0.21%, + 0.63%
	–0.12%
	–0.46%, + 0.23%

	 Active chores/work
	-0.07%
	–0.41%, + 0.26%
	 + 0.12%
	–0.18%, + 0.42%


PA physical activity, HRQOL health related quality of life, measured using PedsQL™ scales, n number of participants, β model coefficient, CI confidence interval. Differences significant at p < 0.05 are shown in bold
aModels adjusted for sex, age, BMI, pubertal status, socioeconomic position and TUD contextual variables (season and school attendance) at 10-11y. Longitudinal models additionally controlled for HRQOL scores at 10-11y. Unadjusted estimates are provided in Additional file 1
b + 6.9% is considered a clinically important difference for physical HRQOL
c + 5.5% is considered a clinically important difference for psychosocial HRQOL
d + 4.5% is considered a clinically important difference for total HRQOL


[image: ]
Fig. 2Associations between PA domain duration and HRQOL outcomes. Associations between a + 30 min difference in duration of domain-specific PA participation at 10-11y and HRQOL outcomes at: 10-11y (A); and 12-13y (B), showing coefficients and 95% confidence intervals. All models controlled for sex, age, BMI, pubertal status, socioeconomic position and TUD contextual variables (season and school attendance) at 10-11y. Compositional models additionally controlled for the multiplicative total of PA. Longitudinal models additionally controlled for HRQOL scores at 10-11y.For compositional models, the + 30 min in a PA domain is relative to pro-rata reductions in the remaining PA domains


Longitudinal models (n = 2710) revealed that a 30-min increase in non-organized PA per day at 10-11y was associated with a 0.17% (95%CI =  + 0.03%, + 0.32%) increase in psychosocial HRQOL at 12-13y. The longitudinal association between the duration of organized PA at 10-11y and psychosocial HRQOL at 12-13y was of a similar magnitude, although the 95% confidence interval slightly intersected zero (β =  + 0.21%, 95%CI = –0.003%, + 0.41%). All associations observed in both cross-sectional and longitudinal models fell below the minimum clinically important differences for the PedsQL™ scales as proposed by Varni and colleagues [48].

Compositional models
A total of 3120 participants were included in models that tested cross-sectional associations between the composition of PA and HRQOL outcomes at 10-11y. The results of the models are detailed in Table 3 and visualised in Fig. 3. The overall composition of PA was related to physical HRQOL (χ2 = 9.01, p = 0.03), psychosocial HRQOL (χ2 = 11.37, p = 0.01) and total HRQOL at 10-11y (χ2 = 11.29, p = 0.01), independent of total PA durations. Differences were particularly noted regarding the share of PA time spent in organized PA and active chores/work. Relative to time spent in other PA domains, increased time (+ 30 min) spent in organized PA was positively associated with physical HRQOL (+ 0.32%, 95%CI =  + 0.01%, + 0.63%), psychosocial HRQOL (+ 0.41%, 95%CI =  + 0.11%, + 0.72%) and total HRQOL at 10-11y (+ 0.39%, 95%CI =  + 0.12%, + 0.66%). Conversely, increased time spent in active chores/work relative to other PA domains was negatively associated with psychosocial HRQOL (–0.52%, 95%CI = –0.91%, –0.14%). Similar to the results of non-compositional models, all the associations observed in the compositional models fell below the minimum clinically important differences for the PedsQL™ scales as proposed by Varni and colleagues [48].Table 3Compositional associations between PA composition at 10-11y and HRQOL outcomes at 10-11y and 12-13y


	PA domain
	Cross-sectional models (n = 3120)a
	Longitudinal models (n = 2710)a

	 + 30 min, relative to remaining activities
	 + 30 min, relative to remaining activities

	Estimate
	95% CI
	Estimate
	95% CI

	Physical functioning

	 Non-organized PA
	 + 0.10
	-0.36, + 0.56
	-0.02
	-0.46, + 0.41

	 Organized PA
	 + 0.32
	 + 0.01, + 0.63
	 + 0.18
	-0.11, + 0.47

	 Active transport
	-0.34
	-0.82, + 0.13
	-0.29
	-0.72, + 0.14

	 Active chores/work
	-0.11
	-0.5, + 0.27
	 + 0.09
	-0.27, + 0.45

	Psychosocial functioning

	 Non-organized PA
	 + 0.10
	-0.36, + 0.55
	 + 0.18
	-0.20, + 0.55

	 Organized PA
	 + 0.41
	 + 0.11, + 0.72
	 + 0.06
	-0.19, + 0.31

	 Active transport
	-0.01
	-0.47, + 0.46
	-0.15
	-0.52, + 0.23

	 Active chores/work
	-0.52
	-0.91, -0.14
	-0.06
	-0.37, + 0.26

	Total functioning

	 Non-organized PA
	 + 0.10
	-0.30, + 0.50
	 + 0.07
	-0.27, + 0.41

	 Organized PA
	 + 0.39
	 + 0.12, + 0.66
	 + 0.06
	-0.16, + 0.29

	 Active transport
	-0.19
	-0.60, + 0.22
	-0.23
	-0.56, + 0.11

	 Active chores/work
	-0.33
	-0.67, + 0.01
	 + 0.09
	-0.19, + 0.37


PA physical activity, HRQOL health related quality of life, measured using PedsQL™ scales, n number of participants, CI confidence interval. Differences significant at p < 0.05 are shown in bold
a Models adjusted for sex, age, BMI, pubertal status, socioeconomic position, TUD contextual variables (season and school attendance) and the multiplicative total of PA at 10-11y. Longitudinal models additionally controlled for HRQOL scores at 10-11y. Unadjusted estimates are provided in Additional file 2


[image: ]
Fig. 3Incremental changes in PA composition spent in each domain of PA and predicted HRQOL outcomes. Relationship between incrementally increasing the share of PA time spent in each domain of PA at 10-11y and predicted HRQOL outcomes at: 10-11y (A–C); and 12-13y (D–F). Each data point represents the predicted HRQOL outcomes for a given permutation of activity compositions (in 5% increments). Predictions controlled for sex, age, BMI, pubertal status, socioeconomic position, TUD contextual variables (season and school attendance) and the multiplicative total of PA at 10-11y. Longitudinal models additionally controlled for HRQOL scores at 10-11y. Please carefully note the differing vertical axes between individual charts in this figure (average physical HRQOL scores were several points higher than psychosocial HRQOL scores in this sample which prevented the depiction of discernible trends on a common vertical axis). Asterisks after individual chart headings indicate that the set of ilrs collectively had a statistically significant association with HRQOL outcomes, based on the ANOVA table of model fit (* = p < 0.05)


Longitudinal compositional models (n = 2710) revealed that there were no statistically significant associations between the composition of PA domains at 10-11y and physical HRQOL (χ2 = 5.43, p = 0.14), psychosocial HRQOL (χ2 = 1.38, p = 0.73) and total HRQOL at 12-13y (χ2 = 2.35, p = 0.50).
Additional files 1 and 2 provide the full results of all models, including unadjusted estimates and results for covariates.


Discussion
This study used non-compositional and compositional models to explore associations between PA domain participation and HRQOL outcomes during childhood and adolescence. Despite differences in how the data were handled, both analytical approaches revealed consistent patterns of weak beneficial cross-sectional associations for organised PA (which were attenuated in longitudinal models). Specifically, non-compositional models indicated that the absolute duration of organized PA at 10-11y was consistently, albeit weakly, associated with HRQOL outcomes at 10-11y but did not necessarily predict HRQOL at 12-13y. The absolute duration of non-organized PA at 10-11y had a weak positive association with physical and total HRQOL at 10-11y and also predicted marginally better psychosocial HRQOL at 12-13y. Cross-sectional compositional models indicated that, relative to time spent in other PA domains, organized PA had weak positive associations with all HRQOL domains and active chores/work had weak negative associations with psychosocial and total functioning at 10-11y. However, the overall composition of PA at 10-11y did not longitudinally predict HRQOL outcomes at 12-13y.
It should be noted that effect sizes in this study tended to be small. The largest effect size was in the non-compositional association between organized PA and psychosocial HRQOL at 10-11y (β+30 min/day =  + 0.55%), which was weaker than the associations for some covariates in this model such as pubertal development (β = –1.99%), socioeconomic position (β =  + 0.73%) and sex (female: β = –0.62%) (see Additional files 1 and 2). These findings appear to be congruent with a previous meta-analysis by Marker and colleagues [30] that reported negligible associations between overall PA and parent-reported HRQOL based on descriptive studies of children and adolescents (Hedges’ g = 0.115). There are also some similarities between our findings and those of previous studies that tested associations between the duration of domain-specific PA and HRQOL. For example, a previous Australian longitudinal study by Vella and colleagues [37] reported weak associations between organized sport at 10y and physical HRQOL (β+30 min/day =  + 0.60%) and social HRQOL at 12y (β+30 min/day =  + 0.90%), although baseline HRQOL was not controlled for in this study. Weak associations have also been reported between sport participation (hours/week) and physical HRQOL (r = 0.15) and social HRQOL (r = 0.17) among Iranian girls but not boys aged 14-17y [36]. Finally, a study of Australian youth aged 10-13y by Tsiros and colleagues [19] reported positive associations between organized sport (min/day) and HRQOL (VIP > 1), while there was a marginal positive association between active play (min/day) and HRQOL among boys (just below VIP = 1). Finally, it should be noted that all effect sizes in the present study fell below Varni and colleagues’ criteria for minimum clinically important differences for the PedsQL™ scales (+ 6.9% for physical HRQOL, + 5.5% for psychosocial HRQOL and + 4.5% for total HRQOL) [48]. This means that although some domains of PA may have marginal associations with HRQOL, any improvements in the lived experiences of youth are likely to be below a perceptible level [48].
Time spent in organized PA was consistently related to HRQOL at 10-11y in the present study, although effect sizes were weak. Positive associations between organized PA and HRQOL are plausible, as previous reviews have reported beneficial associations between organized PA and outcomes such as cardiovascular fitness [13], mental health [12], peer relations [59] and self-esteem [60]. Similar trends were not observed in longitudinal models in the present study, apart from a possible marginal association between the absolute duration of organized PA at 10-11y and psychosocial HRQOL at 12-13y. This suggests that although organized PA could potentially predict some aspects of future HRQOL, it is possible that other mechanisms may have contributed at least in part to the cross-sectional associations in our study. For example, organized PA has been shown to have bidirectional associations with some physical [61] and mental health indicators [62], so it is possible that the cross-sectional associations occurred at least in part because youth who participated in more organized PA already had better HRQOL. Compensation with other movement behaviours may also be an explanation; for example, organized sport may displace sedentary behavior, which could, in turn, lead to an overall improvement in HRQOL [63]. However, it is also possible that organized PA might have some contemporaneous benefits even though these may not necessarily translate to predicting future HRQOL.
The duration of non-organized PA also had weak positive associations with some outcomes in the present study. In cross-sectional models, the duration of non-organized PA was positively associated with physical and total HRQOL. These positive associations are plausible based on previous reviews that reported positive associations between non-organized PA and physical outcomes such as motor skills [15, 64] and cardiovascular fitness [64]. The duration of non-organized PA also predicted marginally better psychosocial health in longitudinal models. It is possible that some types of non-organized PA may enable youth to form connections with others, similar to the function of active play during early childhood [65]. In addition, the self-directed and freely-chosen nature of non-organized PA may allow youth to have greater flexibility to choose enjoyable types of PA that suit their interests [6]. This may have a beneficial effect, as engaging in enjoyable activities such as hobbies have been linked to decreased depressive symptoms among adults [66]. However, as discussed previously, the small effect sizes suggest that benefits are likely to be below a perceptible level in the lived experiences of youth [48].
This study also identified some associations between the overall composition of PA and HRQOL outcomes. Cross-sectional compositional models revealed that organized PA was positively associated with all domains of HRQOL and active chores/work was negatively associated with psychosocial and total functioning, relative to other PA domains. In the case of active chores/work, it should be noted that the negative association does not necessarily mean that time spent in this domain is ‘bad’ for HRQOL. Rather, the association could mean that this domain is ‘less beneficial’ for HRQOL relative to other domains of PA. It is possible that youth who spent a greater share of PA time participating in active chores/work may have had additional responsibilities such as caring for siblings or working in a part-time job [67, 68]. These additional responsibilities may have ‘crowded out’ the available leisure time for other beneficial pursuits and resulted in greater time pressures [67, 68]. However, it should be noted that active chores/work did not predict HRQOL in longitudinal models. In fact, none of the longitudinal compositional models were statistically significant which suggests that the overall composition of PA was not particularly important for predicting future HRQOL outcomes in the present sample.
Based on the results of this study, a case might be made for the development of future health promotion strategies to encourage participation in organized and non-organized PA among youth. However, due to the small effect sizes in our study, these strategies should only form part of a broader suite of approaches designed to improve HRQOL. Practitioners could potentially encourage participation in these domains of PA while also targeting other behaviours that may be linked with HRQOL such as improved sleep [69] or reduced internet/smartphone use [70].
To the authors’ knowledge, this was the first known study to concurrently test associations between participation in the domains of organized PA, non-organized PA, active transport and active chores/work with a health outcome among children, and the first to use both compositional and non-compositional approaches to explore this topic. The consistency of patterns observed across both analytical methodologies supports the robustness of the findings. The compositional approach allows all PA domains to be included in a single model, and considers an increase in one domain relative to decreases in other domains, which may be more relevant to real life scenarios where time for PA is limited. However, the non-compositional approach is computationally simpler, and the interpretation of model parameters is more direct and straightforward than for compositional models. We simulated what we considered a feasible behavior change (i.e., an increase in duration of 30 min), however it should be noted that some activity behaviors may be more difficult to change than others. Within the current sample, a 30-min change represented different fractions of the observed standard deviations (SD): 37% for non-organized PA, 55% for organized PA, 107% for active transport and 75% for active chores/work.
To our knowledge this was also the first known study to test longitudinal HRQOL associations for certain PA domains, such as non-organized PA and active chores/work. However, this study also has some limitations. PA was self-reported via youth TUDs and this may have led to recall bias and overestimation of PA participation [71]. However, self-report methods were necessary because more objective methods such as accelerometry are not able to easily capture information about PA context [72]. Additionally, the LSAC study only used a one-day TUD and this may not have captured variation in participants’ routines between days of the week. This may have particularly affected the estimate of organized PA, which in this study captured extra-curricular activities such as sport. Such activities may have been missed for a participant if the organized PA was not completed on the day of the TUD. Despite this, analyses controlled for season and school attendance on the day of TUD completion, and 24-h TUDs have demonstrated promising validity [73] and reliability [74]. The LSAC TUD also did not include time in Physical Education (PE) classes, which may under-estimate time spent in organized physical activity, and potentially could impact the observed associations. However, as PE is a compulsory subject among Australian students at this age, we expect any associated error to be systematic rather than biased. Residual confounding from unmeasured or omitted variables may affect our findings (e.g., physical limitations for physical activity, environmental pollution, or neighborhood safety). Further, participants were instructed not to record activities during school lessons in the TUD (such as PE lessons). This means that LSAC TUD data may under-estimate the time spent in organized PA compared with other PA domains, which could potentially impact the associations observed in this study. It should also be noted that this was an observational study. Despite the inclusion of longitudinal analyses, an experimental intervention design would be required to test causal associations between variables. Finally, LSAC is a ‘closed’ longitudinal study which means that no new participants have been recruited since baseline. Therefore the LSAC sample is likely to underrepresent some population groups, particularly immigrants arriving in Australia after 2004. These factors should be considered when applying the study results to populations in Australia or elsewhere.

Conclusions
Non-compositional models revealed that the absolute duration of organized PA was weakly associated with HRQOL outcomes at 10-11y but did not necessarily predict HRQOL at 12-13y. The absolute duration of non-organized PA had a weak positive association with physical and total HRQOL at 10-11y and also predicted marginally better psychosocial HRQOL at 12-13y. Cross-sectional compositional models indicated that, relative to time spent in other PA domains, organized PA had weak positive associations with all HRQOL domains and active chores/work had weak negative associations with psychosocial and total functioning at 10-11y. However, the overall composition of PA did not longitudinally predict HRQOL outcomes at 12-13y. The effect sizes of all associations were small, which suggests that domain-specific PA participation is unlikely to make a perceptible difference in the lived experiences of young people’s HRQOL. Although health promotion strategies could potentially seek to encourage participation in organized and non-organized PA, this should only form part of a broader suite of measures.

Acknowledgements
Author 1 (BK) is the recipient of a Prioritising Emerging Research Leaders (PERL) Fellowship, provided by the University of Wollongong (UOW). This paper uses unit record data from Growing Up in Australia: the Longitudinal Study of Australian Children (LSAC), conducted by the Australian Government Department of Social Services (DSS). The findings and views reported in this paper, however, are those of the author[s] and should not be attributed to the Australian Government, DSS, or any of DSS’ contractors or partners. https://​doi.​org/​10.​26193/​BAA3N6.

Authors’ contributions
BK was involved in conceptualization, data curation, analysis, visualization and writing (original draft). DD was involved in conceptualization, data curation, analysis, visualization and writing (review & editing). KHC was involved in conceptualization, data curation, analysis and writing (review & editing). AP and DC were involved in conceptualization, supervision and writing (review & editing). All authors reviewed and approved the final manuscript.

Funding
BK is the recipient of a Prioritising Emerging Research Leaders (PERL) Fellowship, provided by the University of Wollongong (UOW). DD is supported by the Australian National Health and Medical Research Council (NHMRC) Early Career Fellowship APP1162166 and by the Centre of Research Excellence in Driving Global Investment in Adolescent Health funded by NHMRC APP1171981. These funding bodies did not influence the conduct of this study in terms of design, analysis and interpretation or writing.

Availability of data and materials
The datasets supporting the conclusions of this article 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 provided under license for the current study by the Australian Department of Social Services.

Declarations
Ethics approval and consent to participate
LSAC data collection procedures were originally approved by the Australian Institute of Family Studies Ethics Committee, and informed consent was provided by parents or legal guardians on behalf of participating children at baseline. The use of data in the present study has been approved by the University of Wollongong Human Research Ethics Committee (HREC 2022/256).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput J-P, Janssen I, et al. Systematic review of the relationships between objectively measured physical activity and health indicators in school-aged children and youth. Appl Physiol Nutr Metab. 2016;41(6):S197–239. https://​doi.​org/​10.​1139/​apnm-2015-0663.CrossrefPubMed

	2.
Aubert S, Brazo-Sayavera J, González SA, Janssen I, Manyanga T, Oyeyemi AL, et al. Global prevalence of physical activity for children and adolescents; inconsistencies, research gaps, and recommendations: a narrative review. Int J Behav Nutr Phys Act. 2021;18(81). https://​doi.​org/​10.​1186/​s12966-021-01155-2.

	3.
World Health Organization. Global action plan on physical activity 2018–2030. 2018. http://​apps.​who.​int/​iris/​bitstream/​handle/​10665/​272722/​9789241514187-eng.​pdf. Accessed 25 Jul 2022.

	4.
Carson V, Hunter S. Physical activity domains. In: Brusseau T, Fairclough S, Lubans D, editors. The Routledge handbook of youth physical activity. New York: Taylor & Francis Group; 2020. p. 3–16.Crossref

	5.
Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach to creating active living communities. Annu Rev Public Health. 2006;27:297–322. https://​doi.​org/​10.​1146/​annurev.​publhealth.​27.​021405.​102100.CrossrefPubMed

	6.
Active Healthy Kids Australia. Physical literacy: do our kids have all the tools? The 2016 Active Healthy Kids Australia report card on physical activity for children and young people. Active Healthy Kids Australia. 2016. https://​www.​activehealthykid​saustralia.​com.​au/​siteassets/​documents/​ahka-2016-long_​form-report-card.​pdf. Accessed 20 Dec 2021.

	7.
Ratcliff MB, Zeller MH, Inge TH, Hrovat KB, Modi AC. Feasibility of ecological momentary assessment to characterize adolescent postoperative diet and activity patterns after weight loss surgery. Surg Obes Relat Dis. 2014;10(4):705–10. https://​doi.​org/​10.​1016/​j.​soard.​2014.​01.​034.CrossrefPubMedPubMedCentral

	8.
Christoph MJ, Grigsby-Toussaint DS, Baingana R, Ntambi JM. Physical activity, sleep, and BMI percentile in rural and urban Ugandan youth. Ann Glob Health. 2017;83(2):311–9. https://​doi.​org/​10.​1016/​j.​aogh.​2017.​04.​005.CrossrefPubMed

	9.
Hardy LL, King L, Espinel P, Cosgrove C, Bauman A. NSW Schools Physical Activity and Nutrition Survey (SPANS) 2010: full report. Sydney: NSW Ministry of Health. 2010. http://​www.​health.​nsw.​gov.​au/​heal/​Pages/​spans-2010-full-report.​aspx. Accessed 28 Sept 2017.

	10.
Kemp BJ, Cliff DP, Chong K-H, Parrish A-M. Longitudinal changes in domains of physical activity during childhood and adolescence: a systematic review. J Sci Med Sport. 2019;22(6):695–701. https://​doi.​org/​10.​1016/​j.​jsams.​2018.​12.​012.CrossrefPubMed

	11.
Kemp BJ, Parrish A-M, Batterham M, Cliff DP. Participation in domains of physical activity among Australian youth during the transition to adolescence: a longitudinal study. J Phys Act Health. 2020;17(3):278–86. https://​doi.​org/​10.​1123/​jpah.​2018-0705.CrossrefPubMed

	12.
Boelens M, Smit MS, Raat H, Bramer WM, Jansen W. Impact of organized activities on mental health in children and adolescents: an umbrella review. Prev Med Rep. 2021;25:101687. https://​doi.​org/​10.​1016/​j.​pmedr.​2021.​101687.CrossrefPubMedPubMedCentral

	13.
Logan K, Cuff S, LaBella CR, Brooks MA, Canty G, Diamond AB, et al. Organized sports for children, preadolescents, and adolescents. Pediatrics. 2019;143(6):e20190997. https://​doi.​org/​10.​1542/​peds.​2019-0997.Crossref

	14.
Brussoni M, Gibbons R, Gray C, Ishikawa T, Sandseter EBH, Bienenstock A, et al. What is the relationship between risky outdoor play and health in children? A systematic review. Int J Environ Res Pub Health. 2015;12(6):6423–54. https://​doi.​org/​10.​3390/​ijerph120606423.Crossref

	15.
Tremblay MS, Gray C, Babcock S, Barnes J, Costas Bradstreet C, Carr D, et al. Position statement on active outdoor play. Int J Environ Res Pub Health. 2015;12(6):6475–505. https://​doi.​org/​10.​3390/​ijerph120606475.Crossref

	16.
Henriques-Neto D, Peralta M, Garradas S, Pelegrini A, Pinto AA, Sánchez-Miguel PA, et al. Active commuting and physical fitness: a systematic review. Int J Environ Res Public Health. 2020;17(8):2721. https://​doi.​org/​10.​3390/​ijerph17082721.CrossrefPubMedPubMedCentral

	17.
Phansikar M, Ashrafi SA, Khan NA, Massey WV, Mullen SP. Active commute in relation to cognition and academic achievement in children and adolescents: a systematic review and future recommendations. Int J Environ Res Public Health. 2019;16(24):5103. https://​doi.​org/​10.​3390/​ijerph16245103.CrossrefPubMedPubMedCentral

	18.
Borghese MM, Janssen I. Duration and intensity of different types of physical activity among children aged 10–13 years. Can J Public Health. 2019;110(2):178–86. https://​doi.​org/​10.​17269/​s41997-018-0157-z.

	19.
Tsiros MD, Samaras MG, Coates AM, Olds T. Use-of-time and health-related quality of life in 10-to 13-year-old children: not all screen time or physical activity minutes are the same. Qual Life Res. 2017;26(11):3119–29. https://​doi.​org/​10.​1007/​s11136-017-1639-9.CrossrefPubMed

	20.
Macgregor AP, Borghese MM, Janssen I. Is replacing time spent in one type of physical activity with another associated with health in children? Appl Physiol Nutr Metab. 2019;44(9):937–43. https://​doi.​org/​10.​1139/​apnm-2018-0323.CrossrefPubMed

	21.
Janssen I. Active play: an important physical activity strategy in the fight against childhood obesity. Can J Public Health. 2014;105(1):e22-e7. https://​doi.​org/​10.​17269/​cjph.​105.​4154.

	22.
Santos MP, Oliveira J, Ribeiro JC, Mota J. Active travel to school, BMI and participation in organised and non-organised physical activity among Portuguese adolescents. Prev Med. 2009;49(6):497–9. https://​doi.​org/​10.​1016/​j.​ypmed.​2009.​09.​021.CrossrefPubMed

	23.
Gale JT, Haszard JJ, Scott T, Peddie MC. The impact of organised sport, physical education and active commuting on physical activity in a sample of New Zealand adolescent females. Int J Environ Res Pub Health. 2021;18(15):8077. https://​doi.​org/​10.​3390/​ijerph18158077.Crossref

	24.
Domazet SL, Tarp J, Huang T, Gejl AK, Andersen LB, Froberg K, et al. Associations of physical activity, sports participation and active commuting on mathematic performance and inhibitory control in adolescents. PLoS One. 2016;11(1):e0146319. https://​doi.​org/​10.​1371/​journal.​pone.​0146319.CrossrefPubMedPubMedCentral

	25.
Verburgh L, Scherder EJ, Van Lange PA, Oosterlaan J. Do elite and amateur soccer players outperform non-athletes on neurocognitive functioning? A study among 8–12 year old children. PLoS One. 2016;11(12):e0165741. https://​doi.​org/​10.​1371/​journal.​pone.​0165741.CrossrefPubMedPubMedCentral

	26.
Wiium N, Säfvenbom R. Participation in organized sports and self-organized physical activity: associations with developmental factors. Int J Environ Res Pub Health. 2019;16(4):585. https://​doi.​org/​10.​3390/​ijerph16040585.Crossref

	27.
Ikeda E, Guagliano JM, Atkin AJ, Sherar LB, Ekelund U, Hansen B, et al. Cross-sectional and longitudinal associations of active travel, organised sport and physical education with accelerometer-assessed moderate-to-vigorous physical activity in young people: the International Children’s Accelerometry Database. Int J Behav Nutr Phys Act. 2022;19(1):1–12. https://​doi.​org/​10.​1186/​s12966-022-01282-4.Crossref

	28.
Gonzalez-Sicilia D, Brière FN, Pagani LS. Prospective associations between participation in leisure-time physical activity at age 6 and academic performance at age 12. Prev Med. 2019;118:135–41. https://​doi.​org/​10.​1016/​j.​ypmed.​2018.​10.​017.CrossrefPubMed

	29.
Lagestad P, Mehus I. The importance of adolescents’ participation in organized sport according to VO2peak: a longitudinal study. Res Q Exerc Sport. 2018;89(2):143–52. https://​doi.​org/​10.​1080/​02701367.​2018.​1448050.CrossrefPubMed

	30.
Marker AM, Steele RG, Noser AE. Physical activity and health-related quality of life in children and adolescents: a systematic review and meta-analysis. Health Psychol. 2018;37(10):893–903. https://​doi.​org/​10.​1037/​hea0000653.CrossrefPubMed

	31.
Basterfield L, Burn NL, Galna B, Karoblyte G, Weston KL. The association between physical fitness, sports club participation and body mass index on health-related quality of life in primary school children from a socioeconomically deprived area of England. Prev Med Rep. 2021;24:101557. https://​doi.​org/​10.​1016/​j.​pmedr.​2021.​101557.CrossrefPubMedPubMedCentral

	32.
Gonçalves Galdino da Costa B, Souto Barreto P, Magno da Silveira P, Aragoni da Silva J, Samara Silva K. The association between practicing sport and non-sport physical activities and health-related quality of life of Brazilian adolescents: a cross-sectional study. Sci Sport. 2020;35(4):e109-e19. https://​doi.​org/​10.​1016/​j.​scispo.​2020.​02.​003.

	33.
Kjellenberg K, Ekblom O, Ahlen J, Helgadóttir B, Nyberg G. Cross-sectional associations between physical activity pattern, sports participation, screen time and mental health in Swedish adolescents. BMJ Open. 2022;12(8):e061929. https://​doi.​org/​10.​1136/​bmjopen-2022-061929.CrossrefPubMedPubMedCentral

	34.
Moeijes J, van Busschbach JT, Bosscher RJ, Twisk JWR. Sports participation and health-related quality of life: a longitudinal observational study in children. Qual Life Res. 2019;28(9):2453–69. https://​doi.​org/​10.​1007/​s11136-019-02219-4.

	35.
Vella SA, Cliff DP, Magee CA, Okely AD. Sports participation and parent-reported health-related quality of life in children: longitudinal associations. J Pediatr. 2014;164(6):1469–74. https://​doi.​org/​10.​1016/​j.​jpeds.​2014.​01.​071.CrossrefPubMed

	36.
Jalali-Farahani S, Amiri P, Chin YS. Are physical activity, sedentary behaviors and sleep duration associated with body mass index-for-age and health-related quality of life among high school boys and girls? Health Qual Life Outcome. 2016;14:30. https://​doi.​org/​10.​1186/​s12955-016-0434-6.

	37.
Vella SA, Gardner LA, Kemp B, Swann C. Health-related quality of life as a longitudinal mediator of the relationship between participation in organised sports and adiposity among young people. Prev Med Reports. 2018;12:66–70. https://​doi.​org/​10.​1016/​j.​pmedr.​2018.​07.​006.Crossref

	38.
Spengler S, Woll A. The more physically active, the healthier? the relationship between physical activity and health-related quality of life in adolescents: the MoMo study. J Phys Act Health. 2013;10(5):708–15. https://​doi.​org/​10.​1123/​jpah.​10.​5.​708.CrossrefPubMed

	39.
Janssen I, Clarke AE, Carson V, Chaput J-P, Giangregorio LM, Kho ME, et al. A systematic review of compositional data analysis studies examining associations between sleep, sedentary behaviour, and physical activity with health outcomes in adults. Appl Physiol Nutr Metab. 2020;45(10):S248–57. https://​doi.​org/​10.​1139/​apnm-2020-0160.CrossrefPubMed

	40.
Dumuid D, Stanford TE, Martin-Fernández J-A, Pedišić Ž, Maher CA, Lewis LK, et al. Compositional data analysis for physical activity, sedentary time and sleep research. Stat Method Med Res. 2018;27(12):3726–38. https://​doi.​org/​10.​1177/​0962280217710835​.

	41.
Carson V, Tremblay MS, Chaput JP, McGregor D, Chastin S. Compositional analyses of the associations between sedentary time, different intensities of physical activity, and cardiometabolic biomarkers among children and youth from the United States. PloS one. 2019;14(7):e0220009. https://​doi.​org/​10.​1371/​journal.​pone.​0220009.CrossrefPubMedPubMedCentral

	42.
Pawlowsky-Glahn V, Egozcue JJ, Lovell D. Tools for compositional data with a total. Stat Model. 2015;15(2):175–90. https://​doi.​org/​10.​1177/​1471082X14535526​.Crossref

	43.
Dumuid D, Martín-Fernández J, Ellul S, Kenett R, Wake M, Simm P, et al. Analysing body composition as compositional data: an exploration of the relationship between body composition, body mass and bone strength. Stat Method Med Res. 2021;30(1):331–46. https://​doi.​org/​10.​1177/​0962280220955221​.Crossref

	44.
Mohal J, Lansangan C, Gasser C, Taylor T, Renda J, Jessup K, et al. Growing Up in Australia: The Longitudinal Study of Australian Children – Data User Guide, Release 9C1. Melbourne: Australian Institute of Family Studies. 2021. https://​doi.​org/​10.​26193/​BAA3N6. Accessed 21 Dec 2021.

	45.
Department of Social Services; Australian Institute of Family Studies; Australian Bureau of Statistics. Growing Up in Australia: Longitudinal Study of Australian Children (LSAC) Release 9.1 C1 (Waves 1–9). ADA Dataverse, V5. 2021. https://​doi.​org/​10.​26193/​BAA3N6. Accessed 18 Nov 2021.

	46.
Johnstone R. Data management issues (LSAC discussion paper no. 3). Commonwealth of Australia. 2004. https://​growingupinaustr​alia.​gov.​au/​sites/​default/​files/​lsacdiscussionpa​per3.​pdf. Accessed 30 May 2022.

	47.
Varni JW, Seid M, Kurtin PS. PedsQL™ 4.0: Reliability and validity of the Pediatric Quality of Life Inventory™ Version 4.0 Generic Core Scales in healthy and patient populations. Med Care. 2001;39(8):800–12. https://​www.​jstor.​org/​stable/​3767969.

	48.
Varni JW, Burwinkle T, Seid M, Skarr D. The PedsQL 4.0 as a pediatric population health meaure: Feasibility, reliability, and validity. Ambul Pediatr. 2003;3:329–41. https://​doi.​org/​10.​1367/​1539-4409(2003)003%3C0329:​tpaapp%3E2.​0.​co;2.

	49.
Bauman A, Bittman M, Gershuny J. A short history of time use research; implications for public health. BMC Public Health. 2019;19:1–7. https://​doi.​org/​10.​1186/​s12889-019-6760-y.Crossref

	50.
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 13. Canberra: Australian Bureau of Statistics and Department of Social Services. 2014. https://​data.​growingupinaustr​alia.​gov.​au/​pubs/​technical/​tp13.​pdf. Accessed 1 May 2017.

	51.
Kemp BJ, Parrish A-M, Batterham M, Cliff DP. Changes in subdomains of non-organized physical activity between childhood and adolescence in Australia: a longitudinal study. Int J Behav Nutr Phys Act. 2022;19(1):1–11. https://​doi.​org/​10.​1186/​s12966-022-01311-2.Crossref

	52.
Chong KH, Parrish A-M, Cliff DP, Dumuid D, Okely AD. Cross-sectional and longitudinal associations between 24-hour movement behaviours, recreational screen use and psychosocial health outcomes in children: a compositional data analysis approach. Int J Environ Res Public Health. 2021;18(11):5995. https://​doi.​org/​10.​3390/​ijerph18115995.CrossrefPubMedPubMedCentral

	53.
Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, et al. CDC growth charts: United States. Adv Data. 2000;314:1–27.

	54.
Petersen A, Crockett L, Richards M, Boxer A. A self-report measure of pubertal status: reliability, validity, and initial norms. J Youth Adolesc. 1988;17(2):117–33. https://​doi.​org/​10.​1007/​BF01537962.CrossrefPubMed

	55.
Blakemore T, Strazdins L, Gibbings J. Measuring family socioeconomic position. Aust Soc Policy. 2009;8:121–68.

	56.
Chong KH, Dumuid D, Cliff DP, Parrish A-M, Okely AD. Changes in 24-hour domain-specific movement behaviors and their associations with children’s psychosocial health during the transition from primary to secondary school: a compositional data analysis. J Phys Act Health. 2022;19(5):358–66. https://​doi.​org/​10.​1123/​jpah.​2021-0630.CrossrefPubMed

	57.
Martín-Fernández JA, Barceló-Vidal C, Pawlowsky-Glahn V. Dealing with zeros and missing values in compositional data sets using nonparametric imputation. Math Geol. 2003;35:253–78. https://​doi.​org/​10.​1023/​A:​1023866030544.Crossref

	58.
Dumuid D, Wake M, Burgner D, Tremblay MS, Okely AD, Edwards B, et al. Balancing time use for children’s fitness and adiposity: evidence to inform 24-hour guidelines for sleep, sedentary time and physical activity. PloS one. 2021;16(1):e0245501. https://​doi.​org/​10.​1371/​journal.​pone.​0245501.CrossrefPubMedPubMedCentral

	59.
Felfe C, Lechner M, Steinmayr A. Sports and child development PloS One. 2016;11(5):e0151729. https://​doi.​org/​10.​1371/​journal.​pone.​0151729.CrossrefPubMed

	60.
Eime RM, Young JA, Harvey JT, Charity MJ, Payne WR. A systematic review of the psychological and social benefits of participation in sport for children and adolescents: informing development of a conceptual model of health through sport. Int J Behav Nutr Phys Act. 2013;10(1):1–21. https://​doi.​org/​10.​1186/​1479-5868-10-98.Crossref

	61.
Cairney J, Veldhuizen S. Organized sport and physical activity participation and body mass index in children and youth: a longitudinal study. Prev Med Reports. 2017;6:336–8. https://​doi.​org/​10.​1016/​j.​pmedr.​2017.​04.​005.Crossref

	62.
Vella SA, Swann C, Allen MS, Schweickle MJ, Magee CA. Bidirectional associations between sport involvement and mental health in adolescence. Med Sci Sport Exerc. 2017;49(4):687–94. https://​doi.​org/​10.​1249/​mss.​0000000000001142​.Crossref

	63.
Boberska M, Szczuka Z, Kruk M, Knoll N, Keller J, Hohl DH, Luszczynska A. Sedentary behaviours and health-related quality of life. A systematic review and meta-analysis. Health Psychol Rev. 2018; 3;12(2):195–210. https://​doi.​org/​10.​1080/​17437199.​2017.​1396191

	64.
Dankiw KA, Tsiros MD, Baldock KL, Kumar S. The impacts of unstructured nature play on health in early childhood development: a systematic review. PLoS One. 2020;15(2):e0229006. https://​doi.​org/​10.​1371/​journal.​pone.​0229006.CrossrefPubMedPubMedCentral

	65.
Burdette HL, Whitaker RC. Resurrecting free play in young children: looking beyond fitness and fatness to attention, affiliation, and affect. Arch Pediatr Adolesc Med. 2005;159(1):46–50. https://​doi.​org/​10.​1001/​archpedi.​159.​1.​46.CrossrefPubMed

	66.
Fancourt D, Opher S, de Oliveira C. Fixed-effects analyses of time-varying associations between hobbies and depression in a longitudinal cohort study: support for social prescribing? Psychother Psychosom. 2020;89(2):111–3. https://​doi.​org/​10.​1159/​000503571.CrossrefPubMed

	67.
Evans-Whipp T, Swami N, Prattley J. Adolescents combining school and part-time employment (Growing Up in Australia Snapshot Series – Issue 6). Melbourne: Australian Institute of Family Studies. 2021. https://​growingupinaustr​alia.​gov.​au/​research-findings/​snapshots/​adolescents-combining-school-and-part-time-employment. Accessed 30 Aug 2022.

	68.
Wikle JS, Jensen AC, Hoagland AM. Adolescent caretaking of younger siblings. Soc Sci Res. 2018;71:72–84. https://​doi.​org/​10.​1016/​j.​ssresearch.​2017.​12.​007.CrossrefPubMed

	69.
Rollo S, Antsygina O, Tremblay MS. The whole day matters: understanding 24-hour movement guideline adherence and relationships with health indicators across the lifespan. J Sport Health Sci. 2020;9(6):493–510. https://​doi.​org/​10.​1016/​j.​jshs.​2020.​07.​004.CrossrefPubMedPubMedCentral

	70.
Masaeli N, Billieux J. Is problematic internet and smartphone use related to poorer quality of life? A systematic review of available evidence and assessment strategies. Curr Addict Rep. 2022;9:235–50. https://​doi.​org/​10.​1007/​s40429-022-00415-w.CrossrefPubMedPubMedCentral

	71.
Adamo KB, Prince SA, Tricco AC, Connor-Gorber S, Tremblay M. A comparison of indirect versus direct measures for assessing physical activity in the pediatric population: a systematic review. Intl J Pediatr Obes. 2011;4(1):2–27. https://​doi.​org/​10.​1080/​1747716080231501​0.Crossref

	72.
Warren JM, Ekelund U, Besson H, Mezzani A, Geladas N, Vanhees L. Assessment of physical activity – a review of methodologies with reference to epidemiological research: a report of the exercise physiology section of the European Association of Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil. 2010;17(2):127–39. https://​doi.​org/​10.​1097/​HJR.​0b013e32832ed875​.CrossrefPubMed

	73.
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. University of Oxford. 2017. https://​www.​timeuse.​org/​sites/​default/​files/​2017-10/​CTUR%20​WP%20​10%20​2017.​pdf. Accessed 29 Jan 2018.

	74.
Ridley K, Olds TS, Hill A. The Multimedia Activity Recall for Children and Adolescents (MARCA): development and evaluation. Int J Behav Nutr Phys Act. 2006;3(1):10. https://​doi.​org/​10.​1186/​1479-5868-3-10.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12966_2023_1466_Fig3_HTML.png
(A) Cross-sectional - physical functioning * (D) Longitudinal - physical functioning

Non-organized PA Organized PA

Non-organized PA Organized PA

88.30

Estimated PedsQL Psychosocial Score

2 o
3 i g !!n [TT1]
3 . ] L 1) 202
@ gg 25 & 86.15 .:: . iu.:
© = .,
5 8820+ 8 8610 |
Y ll 2 86.05- : k
£ 88.15 E ..-°
E!' 1 86.00
? Active transport 4 Active transport chores/work
© 88.30 - °
o & s6.15] '"' 3TN
| A 8ee
p 8825 5 ll 'i;:.
B 8820 . ‘é 86.10 * l!" " i
7 88.15 “ﬂ::. & 86.051 . !!!,'
ul il : w 86,00 L
20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80
Percent of Total PA Percent of Total PA
(B) Cross-sectional — psychosocial functioning ** (E) Longitudinal — psychosocial functioning

Non-organized PA Organized PA Non-organized PA Organized PA

79.60 essssce seee

79.2

4
9
(e fis- Bl e
79.11 l!!.. jie G 79551 ml I
See 8 *
26,01 2 7950 ]ll
- 3}
|| 579'45
702 Active Active chores/work 6' 79.60 Active transport ive chores/work
“<1m o
T
79.11 l lll a 7955 I HIT
T s
79.50 S
My, | | ||III||'i=- l'sz
& = 79.45 S i
w

20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80

Estimated PedsQL Total Score

Percent of Total PA Percent of Total PA
(C) Cross-sectional - total functioning™* (F) Longitudinal - total functioning
Non-organized PA Organized PA Non-organized PA Organized PA

6260 553558 i
82.55 | !' : III“!L
82.50 L

82.451 !

Active transport Active chores/work

8222 |lllllnu... []
82.18 I!!

82.14

$2.10

Active transport Active ch

Estimated PedsQL Total Score

82.22
82601 82.18 '
82.55 | 197 'l
g

"“ h : ||||||||i; Z] My,
82.451 l { 82.10 I,

ceee ..-. - oo '.

20 40 60 80 20 40 60 &0 20 40 60 80 20 40 60 80

Percent of Total PA Percent of Total PA






OEBPS/navigation.xhtml

    
      Contents


      
        		Cross-sectional and longitudinal associations of domain-specific physical activity composition with health-related quality of life in childhood and adolescence in Australia


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12966_2023_1466_Fig1_HTML.png
3764 participants responded to 526 participants excluded due

main interview at 10-11y to missing/invalid TUD data:
T 310: no valid TUD data at
W 10-11y
216: TUD data provided
3238 participants with complete but < 12h between

98 participants excluded
due to missing data for at
least one covariate:
BMI z-score (n=62);
socioeconomic position
(n=24); pubertal status
(n=14); and/or season
of TUD (n=4).

TUD dataat 10-11y wake and bed times

A

A 4

3140 participants with complete
TUD & covariate data at 10-11y

\ 4
ANALTYICAL MODELS

A 4

20 participants
excluded due to
missing PedsQL
data at 10-11y

410 participants excluded
due to missing data at 12-
13y:
348: non-response to
entire wave
62: missing PedsQL

\ 4
CROSS-SECTIONAL LONGITUDINAL
3120 participants 2710 participants
included in cross- included in
sectional non- longitudinal non-
compositional models compositional models






OEBPS/css/sidebar.gif





OEBPS/images/12966_2023_1466_Fig2_HTML.png
(A) Cross-sectional non-compositional models

NON-ORGANIZED PA
Physical HRQOL
Psychosocial HRQOL
Total HRQOL

ORGANIZED PA
Physical HRQOL
Psychosocial HRQOL
Total HRQOL

ACTIVE TRANSPORT
Physical HRQOL
Psychosocial HRQOL
Total HRQOL

ACTIVE CHORES/WORK
Physical HRQOL
Psychosocial HRQOL
Total HRQOL

-1 0 1

Regression beta coefficients (8)
for a 30 min increase in PA domains

(B) Longitudinal non-compositional models

NON-ORGANIZED PA
Physical HRQOL
Psychosocial HRQOL
Total HRQOL

ORGANIZED PA
Physical HRQOL
Psychosocial HRQOL
Total HRQOL

ACTIVE TRANSPORT
Physical HRQOL
Psychosocial HRQOL
Total HRQOL

ACTIVE CHORES/WORK
Physical HRQOL
Psychosocial HRQOL
Total HRQOL

AT

-1 1

Regression beta coefficients (8)
for a 30 min increase in PA domains






