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Abstract
Background
It is unknown if and how children’s movement behaviour accumulation patterns change as a result of physical activity and/or sedentary behaviour interventions. It is important to establish the effectiveness of interventions targeting changes in such accumulation patterns. This study aimed to investigate the effect of the Transform-Us! school- and home-based intervention program on children’s movement behaviour accumulation patterns, focusing on sporadic accumulation versus time in bouts.

Methods
Baseline and post-intervention (18 months) accelerometer data from the Transform-Us! 2 × 2 factorial design cluster randomised controlled trial was used (Melbourne, 2010–2012; analytical sample n = 267; aged 8–9 years). Linear mixed models were fitted to examine effects of three different interventions (targeting increases in physical activity [PA-I], reductions in sedentary time [SB-I], or both [PA + SB-I]) compared to a usual practice (control) group on post-intervention movement behaviour accumulation compositions with eight components, including sporadic time and bouts of sedentary time, and light-, moderate- and vigorous-intensity physical activity.

Results
Intervention effects on distribution of time in the post-intervention waking movement behaviour accumulation composition (adjusted for baseline composition) were small and not significant. However, visual inspection of the change in compositions over time revealed that only groups with a sedentary behaviour intervention component (SB-I and PA + SB-I) reduced time in sedentary bouts, compared to the overall sample compositional mean. In addition, the SB-I group was the only group with an increase in vigorous-intensity physical activity. The combined intervention group (PA + SB-I) was characterized by the largest proportional increase in MPA bouts. The usual practice group was characterized by the largest proportional increases in both sporadic and bouts of sedentary time.

Conclusions
This study showed some early evidence to suggest that the “break up your sitting” message may result in greater impact than the “move more” message. Future research, including larger sample sizes, should investigate if this type of messaging is indeed more effective in changing movement behaviours and ultimately child health.

Trial registration
International Standard Randomized Controlled Trial Number ISRCTN83725066; Australian New Zealand Clinical Trials Registry Number ACTRN12609000715​279.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12966-022-01314-z.
Background
The Australian 24-h movement guidelines state that children (5–17 years) should engage in ≥60 minutes of moderate- to- vigorous- (MVPA) and several hours of light-intensity (LPA) physical activity per day for optimal health [1]. In addition, it is recommended that children limit sedentary recreational screen time to no more than 2 h per day and break up long periods of sitting as often as possible [1]. Whilst these guidelines acknowledge the collective importance of these waking movement behaviours for child health, no specific guidance on how these should be combined or accumulated is available. For example, the guidelines do not explain whether the ≥60 minutes of MVPA per day are best accumulated sporadically across the day or in sustained periods (i.e., prolonged bouts of movement).
Some emerging evidence suggests that how movement behaviours are accumulated may be related to health markers, such as adiposity and fitness, in children (e.g. [2–5],). Consequently, some children’s movement behaviour interventions (e.g. [6],) have been developed to reduce their sedentary time and promote physical activity by breaking up prolonged periods of sitting, as well as other strategies that may impact on accumulation patterns. However, the existing intervention evidence appears limited to studies focusing on changing total durations of specific movement behaviours (e.g., increasing overall MVPA or decreasing sedentary time) [7, 8]. There is currently a poor understanding of how interventions can change overall movement accumulation patterns and systematic reviews have highlighted this gap in the literature [7, 8]. Intervention study data should be analysed with a focus on the patterns of multiple movement behaviours across the activity spectrum to explore whether these are modifiable through intervention strategies. For such analyses, approaches that appropriately deal with co-dependency between behaviours (e.g., compositional data analysis [CoDA] [9]) are required. To date, no studies have used such statistical approaches in children to assess intervention effects on accumulation patterns, and specifically sporadic behaviours versus bouts. This information is critical for informing the design, delivery and evaluation of interventions to change accumulation patterns, which may have the potential to benefit health.
Transform-Us! ([10]; Salmon J, Arundell L, Cerin E, Ridgers ND, Hesketh KD, Daly RM, et al: The Transform-Us! cluster RCT: 18- and 30-month effects on children’s physical activity, sedentary time and cardiometabolic risk markers, unpublished) was a school- and home-based intervention that aimed to increase primary school children’s physical activity and decrease their sedentary time. A range of strategies were used, including intervention components that focused on accumulation patterns, such as breaking up sitting using an active curriculum (e.g., ‘active mathematics’) and offering ‘activity breaks’ during class time ([10], Salmon J, Arundell L, Cerin E, Ridgers ND, Hesketh KD, Daly RM, et al: The Transform-Us! cluster RCT: 18- and 30-month effects on children’s physical activity, sedentary time and cardiometabolic risk markers, unpublished). The intervention was effective in lowering the total daily duration of children’s sedentary time (by 27 min at 18-months and 33 min at 30-months compared to usual practice) and increasing daily MVPA (by 5 minutes at 18-months) (Salmon J, Arundell L, Cerin E, Ridgers ND, Hesketh KD, Daly RM, et al: The Transform-Us! cluster RCT: 18- and 30-month effects on children’s physical activity, sedentary time and cardiometabolic risk markers, unpublished). However, if and how children’s movement behaviour accumulation patterns changed during the intervention has not yet been examined. This is important for gaining insights into the implementation of strategies targeting changes in activity patterns (e.g., breaking up sitting every 30 minutes with a 2–3 minute bout of activity) and understanding what accumulation patterns could be targeted in interventions to benefit health. Therefore, the aim of this study was to investigate the effect of the Transform-Us! school- and home-based intervention program on children’s movement behaviour accumulation patterns, focusing on sporadic accumulation versus time in bouts.
Materials and methods
Study design
The Transform-Us! 2 × 2 factorial design cluster randomised controlled trial including three different interventions (targeting increases in physical activity, reductions in sedentary time, or both) and a usual practice control group was delivered in Melbourne, Victoria, Australia between Feb-Jun 2010 and Nov-Dec 2012. Study details can be found in the previously published study protocol [10] and outcomes papers ([11, 12], Salmon J, Arundell L, Cerin E, Ridgers ND, Hesketh KD, Daly RM, et al: The Transform-Us! cluster RCT: 18- and 30-month effects on children’s physical activity, sedentary time and cardiometabolic risk markers, unpublished). The trial is registered with the International Standard Randomized Controlled Trial (ISRCTN83725066) and the Australian New Zealand Clinical Trials Registry (ACTRN12609000715279). Ethical approval was obtained by the Deakin University Human Research Ethics Committee (EC141–2009), the Victorian Department of Education and Early Childhood Development (2009–000344), and the Victorian Catholic Education Office (1545).
Recruitment and randomization
Primary schools within 50 km of the Melbourne Central Business District with ≥300 students and at least 2 year 3 (aged 8–9 years) classes were eligible to receive an invitation for the study (n = 219 schools). Schools were identified as being in low, mid and high socioeconomic status (SES) areas based on the first, third and fifth quintile of the Australian Bureau of Statistics Socio-Economic Index for Areas [13]. Schools in low (n = 74), mid (n = 74) and high (n = 71) SES areas were then randomly ordered with probabilistic weighting according to the number of students enrolled [10, 14]. In total, 127 primary schools were approached of which 20 (low: 8; mid: 11; high: 1) agreed to participate and were randomly allocated to one of four groups: 1) usual practice control group (C); 2) intervention group targeting increases in physical activity (PA-I); 3) intervention group targeting reductions in sedentary time (SB-I); and 4) intervention group targeting both movement behaviours (PA + SB-I). Fig. S1 in Additional file 1 presents a flow diagram with recruitment and randomisation participant numbers. Detailed randomisation and masking procedures have been described previously [10, 15]. While all children in the intervention schools (PA-I, SB-I and PA + SB-I) received the program, only those with written parental consent were included in the evaluation. Parents could elect for their child to complete any combination of the behavioural, demographics and health assessments described below.
Intervention
The intervention program was delivered by accredited Victorian Institute of Teaching classroom teachers and targeted physical activity and/or sedentary behaviours in the school and home settings [10]. The intervention used educational, pedagogical, behavioural, social and environmental strategies [10] and was based on cognitive theory [16], behavioural choice theory [17], and ecological systems theory [18]. In the first year of the intervention, all Year 3 teachers in the intervention groups were provided with detailed lesson plans and asked to deliver nine key learning messages, focusing on sedentary behaviour and/or physical activity depending on the intervention allocation (PA-I, SB-I or PA + SB-I). The intervention messages for students through the health lessons included for example ‘making active choices’, ‘importance of being active’, and ‘self-monitoring activity levels’. Homework tasks involved either adapting the child’s existing homework (e.g., to complete it while standing at a bench) or incorporating a component/task that involved reducing sedentary time or increasing physical activity (e.g., switch off screens and/or create an active game to perform with their parent). In the second year of the intervention, Year 4 teachers were asked to deliver an additional nine key learning messages which expanded/built on the previous year. Nine newsletters were sent to parents via the school each year (18 in total) that reinforced the sedentary behaviour and/or physical activity key messages (depending on the intervention group) and promoted family involvement (e.g., go for a walk with parents and count letterboxes in their street).
In addition to the key learning messages, the PA-I grade 3 classes were provided with pedometers, physical activity and novel circus equipment in classroom tubs (e.g., juggling balls), and the school was provided with asphalt line markings and signage promoting physical activity [10]. Teachers were asked to encourage and support children’s physical activity during recess and lunchtime [10]. In contrast, the SB-I teachers were asked to interrupt children’s seated class time once a day using a 30-minute active curriculum (e.g., ‘active mathematics’), to break up children’s sitting with a 2-minute ‘activity breaks’ approximately every 30 minutes, and to adapt homework tasks to break up sitting and incorporate standing [10].
The PA + SB-I schools were provided with all of the above physical activity and sedentary behaviour strategies. The usual practice control schools received the intervention information and supporting materials once the study was completed. Further intervention details have been previously described ([10–12], Salmon J, Arundell L, Cerin E, Ridgers ND, Hesketh KD, Daly RM, et al: The Transform-Us! cluster RCT: 18- and 30-month effects on children’s physical activity, sedentary time and cardiometabolic risk markers, unpublished).
Data collection and measures
Data were collected by trained research staff who were blinded to intervention group allocation at baseline [10]. The present study used data from two timepoints, namely Feb-May 2010 (baseline) and Nov-Dec 2011 (18 months; post-intervention). Data procedures at these time-points were the same for all measures.
Accelerometry
Participants were provided with an ActiGraph GT3X (ActiGraph, Pensacola, FL, USA) accelerometer and asked to wear it on their right hip for eight consecutive waking days, except during water-based activities [10]. The normal frequency filter was selected and data were collected and stored in 15-second epochs [19]. These data were then downloaded using the ActiLife software (ActiGraph, Pensacola, FL, USA) and reduced to daily values using a customised Excel macro. Non-wear time was defined as ≥20 minutes of consecutive zeros [19] and valid days were set at a minimum of 8 hours on weekdays or 7 hours on weekend days [20]. To optimize the sample size, participants had to have ≥3 valid days at both time points to be considered for inclusion in the study. This, in combination with the minimum valid wear time per day, gives reasonable reliability and power for assessing children’s habitual movement behaviours [20].
To determine the total duration of time in LPA, moderate- (MPA), and vigorous-intensity (VPA) physical activity, the age-specific cut-points developed by Freedson and colleagues [21] were adapted to 15-s epoch cut-points. Sedentary time was defined as ≤25 counts per 15-s [19]. Time in each intensity was then divided into sporadic time versus uninterrupted bouts of a specific intensity, using ≥5 min for sedentary bouts, and ≥ 1 min for physical activity bouts (including LPA, MPA and VPA), respectively, based on previous work using this dataset [22]. No tolerance (i.e., interruption in intensity) was allowed in defining the bouts, based on previous recommendations for sedentary bouts [15] and in the absence of recommendations for physical activity bouts. Mean values for all accelerometry variables were calculated over all valid days.
Participant characteristics
Child age and sex were self-reported at baseline or, if missing, collected from parental proxy-reports. School SES was determined using the postal code in the national 2006 Socio-Economic Indexes for Areas Index of Relative Socioeconomic Advantage and Disadvantage of the Socioeconomic Indexes Areas and classified as low (i.e., first quintile), mid (i.e., third quintile), and high (i.e., fifth quintile) SES [13]. Height, weight, and waist circumference (WC) were measured at school by trained research staff using standardized procedures with portable stadiometers (SECA 220, Los Angeles, CA, USA) and digital scales (Wederburn Tanita, Melbourne, Vic, Australia) [10, 23]. Body Mass Index (kg/m2) was calculated and converted to age- and sex- standardized z-values (zBMI) using World Health Organization (WHO) child growth charts [24].
Statistical analysis
Analyses were performed in STATA version 16 (STATACorp, College Station, TX, USA) and RStudio version 1.4.453 (R version 3.6.3; R Foundation for Statistical Computing, Vienna, Austria), using the compositions (acomp framework [23]), zCompositions (multLN zero replacement [14]) and lme4 (lmer function [25]) packages.
An analytical sample was created consisting of participants that had valid accelerometry at both timepoints (as defined above) and covariates (age, sex and SES) data at baseline. Participant characteristics (mean ± standard deviation [SD]) were compared using t-tests (continuous variables) and chi-square tests (categorical variables) between the analytical sample and those participants excluded for incomplete data. Baseline characteristics (mean ± SD) for the four groups (usual practice, PA-I, SB-I and PA + SB-I) were presented separately, but not compared using inferential tests as per the Consolidated Standards of Reporting Trials recommendations [26].
Accelerometry variables were checked for zeros. This was warranted as transforming values to isometric log ratio (ilr) pivot coordinates cannot be done for 0 as dividing by 0 or taking the logarithm of 0 are undefined mathematical operations [9]. Most accelerometry-based variables did not contain zeros, except for the VPA bouts component at both baseline (n = 1; < 1%) and post-intervention (n = 6; 2%). Consequently, these were replaced using the multiplicative lognormal imputation (multLN) replacement method of the zCompositions package with the observed minimal value at baseline and post-intervention (0.16 min [14]).
A baseline and post-intervention waking movement behaviour accumulation composition of eight components, including sporadic and bouts of sedentary time, LPA, MPA and VPA, was created using compositional data analysis (acomp) [22]. The sequential binary partition with 7 (N components in the waking compositions – 1) ilr coordinates was set up so that it enabled comparisons of a) total time spent in one intensity versus others (e.g., total time in sporadic and bouts of sedentary time versus higher intensities) and, b) time spent in bouts (e.g., ≥5-min sedentary bouts) versus sporadically accumulated time of a specific intensity. A visual overview of the sequential binary partition is displayed in Fig. 1.[image: ]
Fig. 1Visual overview of the sequential binary partition


As the changes between baseline and post-intervention are paired data, a “change composition” was calculated with Aitchison’s perturbation method [27–29]. Bar plots of geometric means of the baseline, post-intervention and “change compositions” were used to illustrate the accumulation patterns and changes in these patterns for each intervention group [30]. Linear mixed models were then fitted to assess the associations between intervention groups (as a categorical exposure variable) with the post-intervention composition (multivariate outcome). The initial partially adjusted model accounted for the random effect of individual within each school using default unstructured variance-covariance structure [31, 32] and adjusted for baseline compositions. The fully adjusted model additionally included baseline age (continuous), sex (categorical) and school SES (categorical) as fixed effects. The significance of the explanatory variables was examined with the car::Anova() function [33], which uses Wald Chi squared to calculate Type II tests according to the principle of marginality, testing each covariate after all others [32, 34]. A p-value of ≤0.05 was set as the level of statistical significance.
Results
Participant characteristics
A flow diagram including the number of included participants from baseline to post-intervention is presented in Fig. S1 in Additional file 1. Further details on reasons for drop-out between baseline and post-intervention are reported in the main outcomes paper (Salmon J, Arundell L, Cerin E, Ridgers ND, Hesketh KD, Daly RM, et al: The Transform-Us! cluster RCT: 18- and 30-month effects on children’s physical activity, sedentary time and cardiometabolic risk markers, unpublished). In total, 267 participants were included in the analytical sample that consisted of those that had valid accelerometry (both timepoints) and covariates data. Participant characteristics of the analytical sample and excluded participants are reported in Table S1 in Additional file 2. No significant and meaningful differences between characteristics of the analytical sample and excluded sample were observed. Although a weekend day was not specified to fulfill valid wear time criteria, 93 and 78% of participants had at least one weekend day of recording at baseline and post-intervention, respectively (Table S1 in Additional file 2). The combined requirements for inclusion in the current analysis (i.e., meet wear time criteria at baseline and post-intervention and have all covariates data) resulted in 61 (23%), 82 (31%), 64 (24%), and 60 (23%) control, PA-I, SB-I and PA + SB-I participants, respectively, to be included. Table S1 in Additional file 2 shows the participants excluded due to < 3 valid days of accelerometer data (n = 180 at baseline and n = 267 at post-intervention) and due to incomplete covariate data (n = 203 at baseline and n = 203 at follow-up). Reasonably similar percentages from each group were included. Baseline characteristics (mean ± SD) for the four groups in the analytical sample are presented in Table 1.Table 1Baseline characteristics for participants in the analytical sample per intervention group (Control, PA-I, SB-I and PA + SB-I)


	 	Control
	N
	PA-I
	N
	SB-I
	N
	PA + SB-I
	N

	Demographics (mean [SD])

	 N (%)
	61 (22.8%)
	61
	82 (30.7%)
	82
	64 (24.0%)
	64
	60 (22.5%)
	60

	 Age, years
	8.6 (0.3)
	61
	8.7 (0.4)
	82
	8.8 (0.4)
	64
	8.8 (0.3)
	60

	 Sex (n [%])
	 	61
	 	82
	 	64
	 	60

	  Girls
	34 (56%)
	 	45 (55%)
	 	42 (66%)
	 	28 (47%)
	 
	  Boys
	27 (44%)
	 	37 (45%)
	 	22 (34%)
	 	32 (53%)
	 
	 Socio-economic status (n [%])
	 	61
	 	82
	 	64
	 	60

	  High
	0 (0%)
	 	0 (0%)
	 	0 (0%)
	 	9 (15%)
	 
	  Mid
	38 (62%)
	 	50 (61%)
	 	39 (61%)
	 	36 (60%)
	 
	  Low
	23 (38%)
	 	32 (39%)
	 	25 (39%)
	 	15 (25%)
	 
	Adiposity markers (mean [SD])

	 Body mass index, kg/m2
	17.5 (2.8)
	61
	17.2 (3.0)
	79
	17.5 (2.5)
	64
	17.5 (2.5)
	60

	 Waist circumference, cm
	58.8 (6.8)
	61
	59.3 (7.2)
	79
	59.9 (6.0)
	64
	60.5 (5.7)
	60

	Accelerometry (mean [SD])

	 Valid weekend days (n [%])a
	 	61
	 	82
	 	64
	 	60

	  No weekend day
	3 (4.9%)
	 	7 (8.5%)
	 	3 (4.7%)
	 	7 (11.7%)
	 
	   ≥ 1 weekend day
	58 (95.1%)
	 	75 (91.5%)
	 	61 (95.3%)
	 	53 (88.3%)
	 
	  Total SED, min
	399.3 (56.0)
	61
	397.6 (60.2)
	82
	395.3 (58.5)
	64
	404.4 (67.6)
	60

	  Total LPA, min
	228.6 (34.2)
	61
	227.1 (31.3)
	82
	230.2 (37.6)
	64
	227.2 (36.0)
	60

	  Total MPA, min
	57.0 (11.7)
	61
	53.3 (11.9)
	82
	53.6 (11.8)
	64
	58.0 (15.3)
	60

	  Total VPA, min
	27.3 (12.0)
	61
	24.3 (10.3)
	82
	25.1 (13.0)
	64
	30.1 (15.7)
	60

	  Time in SED bouts, minb
	140.0 (40.4)
	61
	138.9 (47.4)
	82
	136.9 (49.2)
	64
	148.8 (54.0)
	60

	  Time in LPA bouts, minb
	96.3 (23.1)
	61
	96.0 (20.0)
	82
	98.3 (25.9)
	64
	95.0 (23.7)
	60

	  Time in MPA bouts, minb
	9.8 (4.1)
	61
	8.5 (3.7)
	82
	8.2 (3.4)
	64
	8.8 (4.6)
	60

	  Time in VPA bouts, minb, c
	7.2 (6.4)
	61
	6.0 (4.0)
	82
	6.8 (6.4)
	64
	8.9 (9.1)
	60

	 MVPA (n [%])c
	 	61
	 	82
	 	64
	 	60

	  < 60 min/day
	6 (9.8%)
	 	14 (17.1%)
	 	14 (21.9%)
	 	9 (15.0%)
	 
	  ≥ 60 min/day
	55 (90.2%)
	 	68 (82.9%)
	 	50 (78.1%)
	 	51 (85.0%)
	 

The analytical sample (total n = 267) comprised of participants with complete valid accelerometry and covariates data
Abbreviations: PA-I Physical activity intervention group, SB-I Sedentary behaviour intervention group, PA + SB-I Combined physical activity and sedentary behaviour intervention group, SD Standard deviation, SED Sedentary time, LPA Light-intensity physical activity, MPA moderate-intensity physical activity, VPA vigorous-intensity physical activity, MVPA moderate- to vigorous-intensity physical activity
aValid days were set at a minimum of 8 h on weekdays and 7 h on weekend days
bTime in each intensity was divided into sporadic time and time in bouts, using < 5 min and ≥ 5 min for sedentary time, and < 1 min and ≥ 1 min for physical activity (including LPA, MPA and VPA), respectively
cValues presented before zero replacement
dBased on the average MVPA across included valid days



On average, participants in the analytical sample were 8.7 (SD = 0.4) years old and a higher proportion (56%) were girls than boys. Participants’ mean BMI and waist circumference were 17.4 kg/m2 (SD = 2.7 kg/m2) and 59.6 cm (SD = 6.5 cm), respectively. The majority of participants (84%) achieved an average of ≥60 minutes of MVPA across included valid days [1].
The transform-us! Intervention effect movement behaviour accumulation compositions
Figure 2 shows the relative distribution of changes in time spent in sporadic sedentary, LPA, MPA and VPA time and time in bouts of sedentary time, LPA, MPA and VPA, presented as the log-ratios between each group’s compositional mean (also reported in Table S2 in Additional file 3) compared to the overall compositional mean of the complete included sample. Positive and negative bars reflect relative mean values of a part above and below the overall mean “change composition”, respectively. To aid interpretation, the results below are described in terms of the direction of change (i.e., proportional increase or decrease in bouts) and their hypothesized impact on health (i.e., detrimental [assumed for increased time in sedentary bouts and reduced time in MPA/VPA components] or beneficial [assumed for reduced time in sedentary bouts and increased time in MPA/VPA components]). The LPA results are only described with regards to the direction of change as consistent research to justify the direction of contextual interpretation is currently lacking [35].[image: ]
Fig. 2Change between baseline and post−intervention (18 months) in movement behaviour accumulation compositions per intervention group


Figure 2 provides additional insights beyond the absolute changes in time in bouts of and sporadic sedentary, LPA, MPA, and VPA time from baseline to post-intervention that are detailed in Table S2 in Additional file 3. For example, the absolute values in Table S2 in Additional file 3 show that all groups decreased their time in both sporadic and bouts of VPA. However, Fig. 2 shows that the SB-I group had the smallest proportional decrease in VPA bouts over time (i.e., beneficial change) compared to the overall compositional sample mean of change. The SB-I group was also characterized by the largest proportional decrease of time in sporadic LPA, and smallest proportional increase of time in LPA bouts, compared to the overall compositional mean. The combined intervention group (PA + SB-I) was characterized by the largest proportional increase in time in MPA bouts (i.e., beneficial change). The usual practice group was characterized by the largest proportional increase in both sporadic sedentary time and time in sedentary bouts; detrimental change).
Whilst the graphical representation of “change compositions” appeared to differ across groups (Fig. 2), the analysis of variance of both the partially adjusted and fully adjusted linear mixed model parameters indicated that overall, the intervention group post-intervention movement behaviour accumulation compositions, and most of the individual ilr coordinates within these, were not statistically significantly different from the control group (Tables 2 and 3). Plots for the separate baseline and post-intervention movement behaviour accumulation compositions are shown in Figs. S2-S3 (Additional file 4). Baseline, post-intervention, and “change compositions” for the total volumes (i.e., time not divided in sporadic time and time in bouts bouts) are presented in Additional file 4 in Fig. S4-S6.Table 2Linear mixed models for the intervention effects on post-intervention movement behaviour accumulation composition (n = 267)


	 	Chi square
	Df
	p-value

	Partially adjusted model

	 Intervention group
	4.020
	21
	> 0.999

	Fully adjusted model

	 Intervention group
	5.889
	21
	> 0.999

	 Age
	23.555
	7
	0.001*

	 Sex
	65.392
	7
	< 0.001*

	 Socio-economic status
	3.762
	14
	0.997


Linear mixed models with analysis of variance Type II Wald Chi square assessed associations between intervention groups and post-intervention movement behaviour accumulation compositions (multivariate outcome)
Partially adjusted models accounted for the random effect of individual within each school and adjusted for baseline movement behaviour accumulation compositions. Adjusted models additionally included baseline age (continuous), sex (categorical) and SES (categorical) as fixed effects
Abbreviation: Df Degrees of Freedom
*Denote statistical significance at the p < 0.05 level


Table 3Linear mixed models for the intervention effects on individual ilr coordinates within the post-intervention movement behaviour accumulation compositions (n = 267)


	 	Partially adjusted model
	Fully adjusted model

	β (SE)
	p-value
	β (SE)
	p-value

	ilr1: Total SED time (including sporadic SED and time in SED bouts) versus time in higher intensities
	0.88 (0.28)
	< 0.01*
	−1.39 (0.77)
	0.07

	ilr2: Time in SED bouts versus sporadic SED time
	−0.44 (0.26)
	0.09
	−1.18 (0.72)
	0.10

	ilr3: Total LPA time (including sporadic LPA and time in LPA bouts) versus time in higher intensities
	0.98 (0.28)
	< 0.01*
	− 0.83 (0.79)
	0.30

	ilr4: Time in LPA bouts versus sporadic LPA time
	− 0.09 (0.26)
	0.74
	− 0.44 (0.72)
	0.54

	ilr5: Total MPA time (including sporadic MPA and time in MPA bouts) versus total VPA time (including sporadic VPA and time in VPA bouts)
	0.46 (0.29)
	0.11
	−1.12 (0.82)
	0.18

	ilr6: Sporadic MPA versus time in MPA bouts
	−0.42 (0.27)
	0.12
	−1.08 (0.75)
	0.15

	ilr7: Sporadic VPA versus time in VPA bouts
	−0.51 (0.28)
	0.07
	−0.06 (0.80)
	0.94


A visual representation of the ilr coordinates is provided in Fig. 1
Time in each intensity was divided into sporadic time and time in bouts, using < 5 min and ≥ 5 min for sedentary time, and < 1 min and ≥ 1 min for physical activity (including LPA, MPA and VPA), respectively
Linear mixed models with analysis of variance Type II Wald Chi square assessed associations between intervention groups and post-intervention movement behaviour accumulation compositions (multivariate outcome)
Partially adjusted models accounted for the random effect of individual within each school and adjusted for baseline movement behaviour accumulation compositions. Adjusted models additionally included baseline age (continuous), sex (categorical) and SES (categorical) as fixed effects
Abbreviations: SE Standard Error
*Denote statistical significance at the p < 0.05 level



Discussion
This study aimed to investigate effects of the Transform-Us! school- and home-based intervention program on primary school children’s movement behaviour accumulation patterns, including sporadic and bouts of sedentary time and physical activity. Intervention effects on the distribution of time in the waking movement behaviour accumulation composition were small and not statistically significant. However, visual inspection revealed that the groups with no sedentary behaviour intervention component (PA-I and control) demonstrated an increase in sedentary bouts, while the other two groups (SB-I and PA + SB-I) exhibited a reduction of time in sedentary bouts, compared to the overall sample compositional mean. In addition, the SB-I group was the only group with an increase in VPA over time.
Previous intervention studies have had limited success in changing movement behaviours in children, with systematic reviews reporting only a small increase in MVPA (approximately 5 min/day) from school-based physical activity interventions and no convincing evidence for the effectiveness of sedentary behaviour interventions [7, 36]. Whilst the present analysis specifically focused on the accumulation of movement behaviours, rather than the total volume, it did show that the SB-I and the SB + PA-I intervention groups had the most favourable changes in total sedentary time and MVPA, compared to the groups without a sedentary intervention component. Whilst this is consistent with the Transform-Us! main outcomes paper that showed improved MVPA levels in children who received the SB intervention compared to those who did not (Salmon J, Arundell L, Cerin E, Ridgers ND, Hesketh KD, Daly RM, et al: The Transform-Us! cluster RCT: 18- and 30-month effects on children’s physical activity, sedentary time and cardiometabolic risk markers, unpublished), it is somewhat unexpected that the sedentary behaviour intervention component, as opposed to the physical activity intervention component, may have led to increased activity levels.
While differences in movement behaviour accumulation patterns between groups were small and not significant, the two groups with the largest increases in physical activity were the SB-I and PA + SB-I groups. Whereas the SB-I group demonstrated the most favourable changes in VPA bouts over time, the PA + SB-I group demonstrated this in MPA bouts. It is possible that children in the SB-I group were naturally stimulated to engage in more VPA due to the short duration of the activity breaks, while the PA + SB-I group may have been encouraged to do more MPA during the longer physical activity intervention components. Given previous evidence suggests that stronger associations with cardio-metabolic health benefits in children may be obtained by more vigorous-intensity activities through such time-economic high-intensity bouts [37], compared to continuous behaviours, the focus on such short intervention components rather than longer ones may be promising to increase physical activity intensity and thereby improve health. Future studies will need to investigate which intervention components are most effective in increasing vigorous-intensity physical activity levels.
Another potential explanation for the observed differences in changes over time may be that the physical activity strategies of the Transform-Us! intervention aimed to increase a behaviour that participants were already doing, though at varying durations, whereas the sedentary behaviour strategies aimed at reducing sitting time and replacing it with activity (e.g., stand or move). As children will rarely stand still [38], this may have contributed to more physical activity in the sedentary behaviour intervention groups, despite this not being targeted specifically. It is possible that the “break up your sitting” message may be more impactful than the “move more” message to target movement behaviours in this age group. Results from a systematic review of intervention strategies that exclusively target interruptions to sitting time showed that it is currently unclear whether intervention components are effective in changing movement behaviours [7], hence, future research should investigate if this type of messaging is indeed more effective in changing movement behaviours and consequently health in youth. This information is also warranted for informing updates in current movement behaviour recommendations, which mostly focus on overall time in movement behaviours, to incorporate specific accumulation patterns (e.g., bout duration recommendations).
The present work has several limitations that need to be acknowledged. Firstly, the small sample size may have impacted the ability to detect significant intervention effects over time. It is inappropriate to conduct a retrospective sample size calculation [39], as the Transform-Us! trial was not originally powered for the secondary analysis conducted. In addition, power calculations for compositional data analysis have been proven difficult due to the novelty of dealing with multivariate nature of the compositional variables in behavioural research [9]. Secondly, > 80% of the sample engaged in ≥60 minutes of MVPA, on average, per day, which is more than generally observed (15–41%) in Australian youth using self-reported measures [40]. The findings may therefore not be generalizable to the wider population, and these should be verified in less active and perhaps more representative samples. Thirdly, it is widely accepted that there is some measurement error associated with the use of ActiGraph accelerometers. This is particularly relevant for the assessment of sedentary time, as the ActiGraph estimates sedentary time is based on a lack of movement, and therefore cannot distinguish between sitting (i.e., sedentary time) and standing still (i.e., LPA) [41]. Finally, the current study did not collect 24-hour data (i.e., only waking behaviours were assessed), which limits full understanding of child movement behaviours [1]. Future studies should include larger sample sizes to confirm or counter the findings in the present work. These studies should preferably use 24-hour designs, using posture-based devices including accelerometers, and focus on more representative samples.
Conclusion
This study was the first to use compositional data analysis on children’s objective data to investigate intervention effects on movement behaviour accumulation patterns. Intervention effects on the distribution of time in the waking movement behaviour accumulation composition were small and not statistically significant. However, visual inspection of the change in compositions over time revealed that only groups with a sedentary behaviour intervention component (SB-I and PA + SB-I) reduced the time in sedentary bouts, compared to the overall sample compositional mean. In addition, the SB-I group was the only group with an increase in vigorous-intensity physical activity and the combined intervention group (PA + SB-I) was characterized by the largest proportional increase in MPA bouts. Overall, this study showed some early evidence to suggest that the “break up your sitting” message may be more impactful than the “move more” message in this age group. Future research, including larger sample sizes and including posture-based devices, should investigate if this type of messaging is indeed more effective in changing movement behaviours and ultimately child health.
Acknowledgements
The authors acknowledge Eoin O’Connell for the development of the customized Excel macro. We would like to thank the Transform-Us! staff and participants, their parents, and the schools for their participation in this research. We thank Prof Kylie Hesketh, Prof Robin Daly, Dr. Paul Della Gatta, Prof Kylie Ball, and Prof David Crawford for the involvement in the design of and/or data collection for the original Transform-Us! trial. Finally, we would like to thank Charlotte Lund Rasmussen for her help with the r-code.

Authors’ contributions
SV led the project, including analysing the data, and writing the manuscript. NR and JS supervised the process. MF and SC provided statistical data analysis advice including the interpretation of results. JS was the lead investigator of the Transform-Us! trial. LA, HB, EC, MJMC, DWD, CH, and JDG were responsible for the design of and/or data collection for the original Transform-Us! trial. All authors have contributed to the writing, approved the final version of the manuscript, and have agreed to be accountable for all aspects of the work.

Funding
This research is secondary data analysis and did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. The Transform-Us! trial was funded by the National Health & Medical Research Council (NHMRC) of Australia Project Grant (ID: 533815); Diabetes Australia Research Trust. The funders played no role in the design of the study, the collection, analysis or interpretation of the data, in the writing of the paper, or the decision to submit for publication. NR is supported by a Future Leader Fellowship from the National Heart Foundation of Australia (Award ID 101895). JAMF is supported by the Spanish Ministry of Science, Innovation and Universities under the project CODAMET (RTI2018–095518-B-C21, 2019–2021). LA is supported by an Australian Research Council Discovery Early Career Researcher Award (DE220100847). JS is supported by a NHMRC Leadership Level 2 Fellowship (APP 1176885). The funding bodies were not involved in the study design, collection, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.

Availability of data and materials
Data will not be shared as this was secondary data analysis. No datasets were generated for the current study. The authors have no permission to share the original datasets. For queries regarding the Transform-Us! dataset please contact the principal investigator via email: jo.​salmon@deakin.​edu.​au.

Declarations
Ethics approval and consent to participate
Ethical approval was obtained by the Deakin University Human Research Ethics Committee (EC141–2009), the Victorian Department of Education and Early Childhood Development (2009–000344), and the Victorian Catholic Education Office (1545). Parents provided written informed consent for their children to participate in each assessment.

Consent for publication
NA - No individual person’s data in any form is included in this manuscript.

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


References
	1.
Department of Health. Australian 24-hour movement guidelines for children and young people (5 to 17 years): An integration of physical activity, sedentary behaviour, and sleep. In: Department of Health, editor. Canberra: AGPS; 2019.

	2.
Verswijveren SJJM, Lamb KE, Martín-Fernández JA, Winkler E, Leech RM, Timperio A, et al. Using compositional data analysis to explore accumulation of sedentary behavior, physical activity and youth health. J Sport Health Sci. 2021;11(2);234–43.

	3.
Verswijveren SJJM, Lamb KE, Leech R, Salmon J, Timperio A, Telford RM, et al. Activity accumulation and cardiometabolic risk in youth: a latent profile approach. Med Sci Sports Exerc. 2020;52(7):1502–10.Crossref

	4.
Jones MA, Skidmore PMI, Stoner L, Harrex H, Saeedi P, Black K, et al. Associations of accelerometer-measured sedentary time, sedentary bouts, and physical activity with adiposity and fitness in children. J Sports Sci. 2020;38(1):114–20.Crossref

	5.
Gaba A, Pedisic Z, Stefelova N, Dygryn J, Hron K, Dumuid D, et al. Sedentary behavior patterns and adiposity in children: a study based on compositional data analysis. BMC Pediatr. 2020;20(1):147.Crossref

	6.
Watson AJL, Timperio A, Brown H, Hesketh KD. A pilot primary school active break program (ACTI-BREAK): effects on academic and physical activity outcomes for students in years 3 and 4. J Sci Med Sport. 2019;22(4):438–43.Crossref

	7.
Altenberg TM, Kist-van Holthe J, Chinapaw MJM. Effectiveness of intervention strategies exclusively targeting reductions in children’s sedentary time: a systematic review of the literature. Int J Behav Nutr Phys Act. 2016;13(65):1–18.

	8.
Love R, Adams J, Sluijs EMF. Are school-based physical activity interventions effective and equitable? A meta-analysis of cluster randomized controlled trials with accelerometer-assessed activity. Obes Rev. 2019;20(6):859–70.Crossref

	9.
Dumuid D, Pedisic Z, Palarea-Albaladejo J, Martín-Fernández JA, Hron K, Olds T. Compositional data analysis in time-use epidemiology: what, why. How Int J Environ Res Public Health. 2020;17(7):2220.Crossref

	10.
Salmon J, Arundell L, Hume C, Brown H, Hesketh K, Dunstan DW, et al. A cluster-randomized controlled trial to reduce sedentary behavior and promote physical activity and health of 8–9 year olds: The Transform-Us! study. BMC Public Health. 2011;11(759):14 Available from: http://​bmcpublichealth.​biomedcentral.​com/​articles/​10.​1186/​1471-2458-11-759. [cited 5 Dec 2016].

	11.
Carson V, Salmon J, Arundell L, Ridgers ND, Cerin E, Brown H, et al. Examination of mid-intervention mediating effects on objectively assessed sedentary time among children in the transform-us! Clustered-randomized controlled trial. Int J Behav Nutr Phys Act. 2013;10(62):1–11.

	12.
Yildrim M, Arundell L, Cerin E, Carson V, Brown H, Crawford D, et al. What helps children to move more at school recess and lunchtime? Mid-intervention results from transform-us! Cluster-randomised controlled trial. Br J Sports Med. 2014;48(3):271–7.Crossref

	13.
Australian Bureau of Statistics. Census of population and housing: Socio-Economic Indexes for Areas (SEIFA), Australia - Data only , 2006. Cat: 2033.0.55.001. Canberra: ABS; 2006. Available from: http://​www.​abs.​gov.​au/​ausstats/​abs@.​nsf/​Lookup/​4364.​0.​55.​003Chapter12011-2012. [updated 7 June 2013]; cited 28 Mar 2020]

	14.
Palarea-Albaladejo J, Martín-Fernández JA. zCompositions - R package for multivariate imputation of nondetects and zeros in compositional data sets. Chemom Intell Lab Syst. 2015;143:85–96.Crossref

	15.
Altenburg TM, Chinapaw MJ. Bouts and breaks in children's sedentary time: currently used operational definitions and recommendations for future research. Prev Med. 2015;77:1–3.Crossref

	16.
Bandura A. Social foundations of thought and action: a social cognitive theory. Englewood Cliffs: Prentice Hall; 1986.

	17.
Rachlin H. Judgement, decision, and choice: a cognitive/behavioral synthesis. New York: WH Freeman; 1989.

	18.
Bronfenbrenner U. Ecology of the family as a context for human development: research perspectives. Dev Psychol. 1986;22(6):723–42.Crossref

	19.
Cain KL, Sallis JF, Conway TL, Van Dyck D, Calhoon L. Using accelerometers in youth physical activity studies: a review of methods. J Phys Act Health. 2013;10(3):437–50.Crossref

	20.
Mattocks C, Ness AR, Leary SD, Tilling K, Blair SN, Shield J, et al. Use of accelerometers in a large field-based study of children: protocols, design issues, and effects on precision. J Phys Act Health. 2008;5(Supplement 1):S98–S111.Crossref

	21.
Freedson PS, Pober D, Janz KF. Calibration of accelerometer output for children. Med Sci Sports Exerc. 2005;37(11):S523–S30.Crossref

	22.
Verswijveren SJJM, Lamb KE, Timperio A, Salmon J, Telford RM, Daly RM, et al. Cross-sectional associations of total daily volume and activity patterns across the activity spectrum with cardiometabolic risk factors in children and adolescents. Int J Environ Res Public Health. 2020;17(12):4286.Crossref

	23.
van den Boogaart KG, Tolosana-Delgado R, Bren M. Compositions: Compositional data analysis. R package version 1.40-2; 2018.

	24.
WHO Multicentre Growth Reference Study Group. WHO child growth standards: length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass index-for-age: methods and development. In:  (WHO) WHO, editor. Geneva: WHO Press; 2006.

	25.
Bates D, Maechler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. J Stat Softw. 2015;67(1):1–48.Crossref

	26.
Schultz KF, Altman DG, Moher D, Group ftC. CONSORT 2010 Statement: updated guidelines for reporting parallel group randomised trials. Br Med J. 2010;340:698–702.

	27.
Van den Boogaart KG, Tolosana-Delgado R. Analyzing compositional data with R. Heidelberg: Springer; 2013.

	28.
Aitchison J, Ng KW. The role of perturbation in compositional data analysis. Stat Model. 2005;5(2):173–85.Crossref

	29.
Martín-Fernández JA, Olea RA, Ruppert LF. Compositional data analysis of coal combustion products with an application to a Wyoming power plant. Math Geosci. 2018;50(6):639–57.Crossref

	30.
Martín-Fernández JA, Daunis i Estadella J, Mateu i Figueras G. On the interpretation of differences between groups for compositional data. Stat Oper Res Trans. 2015;39(2):231–52.

	31.
Larisch LM, Bojsen-Møller E, Nooijen CF, Blom V, Ekblom M, Ekblom Ö, et al. Effects of two randomized and controlled multi-component interventions focusing on 24-hour movement behavior among office workers: a compositional data analysis. Int J Environ Res Public Health. 2021;18(8):4191.Crossref

	32.
Fox J, Weisberg S. An R companion to applied regression (third edition): Sage Publications; 2018.

	33.
Fox J, Weisberg S. An {R} Companion to Applied Regression. 3rd ed. Thousand Oaks: Sage; 2019.

	34.
Fairclough SJ, Dumuid D, Taylor S, Curry W, McGrane B, Stratton G, et al. Fitness, fatness and the reallocation of time between children’s daily movement behaviours: an analysis of compositional data. Int J Behav Nutr Phys Act. 2017;14(1):64.Crossref

	35.
Verswijveren SJJM, Lamb KE, Bell LA, Timperio A, Salmon J, Ridgers ND. Associations between activity patterns and cardio-metabolic risk factors in children and adolescents: a systematic review. PLoS One. 2018;13(8):e0201947.Crossref

	36.
Metcalf B, Henley W, Wilkin T. Effectiveness of intervention on physical activity of children: systematic review and meta-analysis of controlled trials with objectively measured outcomes. Br Med J. 2012;345:e5888.Crossref

	37.
Eddolls WTB, McNarry MA, Stratton G, Winn CON, Mackintosh KA. High-intensity interval training interventions in children and adolescents: a systematic review. Sports Med. 2017;47(11):2363–74.Crossref

	38.
Bailey RC, Olson J, Pepper SL, Porszasz J, Barstow TJ, Cooper DM. The level and tempo of children's physical activities: an observational study. Med Sci Sports Exerc. 1995;27(7):1033–41.Crossref

	39.
Hoenig JM, Heisey DM. The abuse of power. Am Stat. 2001;55(1):19–24.Crossref

	40.
Schranz N, Glennon V, Evans J, Gomersall S, Hardy L, Hesketh KD, et al. Results from Australia's 2018 report card on physical activity for children and youth. J Phys Act Health. 2018;15(S2):S315–S7.Crossref

	41.
Ridgers ND, Salmon J, Ridley K, O'Connell E, Arundell L, Timperio A. Agreement between activPAL and ActiGraph for assessing children’s sedentary time. Int J Behav Nutr Phys Act. 2012;9(15):8 Available from: http://​ijbnpa.​biomedcentral.​com/​articles/​10.​1186/​1479-5868-9-15. [cited 5 Dec 2016].



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


OEBPS/images/12966_2022_1314_Fig2_HTML.png
0.134

0.10-

0.05-
0.039

0.034
0030
0.026
0.021
0,009 0.010 0,009 -
A e B i
0.00] [ ] . [ | ||

-0.001 .
-0.007
0012
-0.021
.03
-0.040

-0.047

Log ratio values

-0.05-

-0.060 -0.060

-0.066

-0.10-

Intervention group

0.027

F'A+ISE—I

-0.102

.024

Change in SED bouts
Change in sporadic SED
Change in LPA bouts
Change in sporadic LPA
Change in MPA bouts
Change in sporadic MPA
Change in VPA bouts
Change in sporadic VPA





OEBPS/navigation.xhtml

    
      Contents


      
        		Intervention effects on children’s movement behaviour accumulation as a result of the Transform-Us! school- and home-based cluster randomised controlled trial


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12966_2022_1314_Fig1_HTML.png
ilr; : SED time versus higher intensities

SED bouts Sporadic SED
ilr, : Bouts vs. sporadic SED

ilr;: LPA time versus higher intensities

!—‘ﬁ

LPA bouts Sporadic LPA
ilr, : Bouts vs. sporadic LPA

ilrs : MPA time versus VPA time

MPA bouts Sporadic MPA
ilrs : Bouts vs. sporadic MPA

]

VPA bouts Sporadic VPA
ilr,: Bouts vs. sporadic VPA





OEBPS/css/sidebar.gif





