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Abstract
Background
Associations between socioeconomic position (SEP) and sedentary behaviour in children are unclear. Existing studies have used aggregate measures of weekly sedentary time that could mask important differences in the relationship between SEP and sedentary time at different times of the day or between weekdays and weekend days. These studies have also employed a variety of measures of SEP which may be differentially associated with sedentary time. This paper examines associations of multiple indicators of SEP and accelerometer-measured, temporally specific, sedentary time in school children.

Methods
Between 2006 and 2007 sedentary time data (minutes spent below 100 accelerometer counts per minute) for weekdays before-school (7.00-8.59AM), during school-time (9.00AM-2.59PM) and after-school (3.00PM-11.00PM), and weekend days were recorded for 629 10–11 year old children using accelerometers. Ordinary least squares regression was used to examine associations with 5 indicators of SEP (area deprivation, annual household income, car ownership, parental education and access to a private garden). Covariates were; gender, BMI, minutes of daylight, accelerometer wear time and school travel method. Analyses were conducted in 2012.

Results
Following adjustments for covariates, having a parent educated to university degree level was associated with more minutes of school (5.87 [95% CI 1.72, 10.04]) and after-school (6.04 [95% CI 0.08, 12.16]) sedentary time. Quartiles of area deprivation (most to least deprived) were positively associated with after-school (Q2: 4.30 [95% CI −6.09, 14.70]; Q3: 10.77 [95% CI 0.47, 21.06]; Q4: 12.74 [95% CI 2.65, 22.84]; P
                  
                    trend
                   = 0.04) and weekend (Q2: 26.34 [95% CI 10.16, 42.53]; Q3: 33.28 [95% CI 16.92, 49.65]; Q4: 29.90 [95% CI 14.20, 45.60]; P
                  
                    trend
                   = 0.002) sedentary time. Having a garden was associated with less sedentary time after-school (−14.39 [95% CI −25.14, -3.64]) and at weekends (−27.44 [95% CI −43.11, -11.78]).

Conclusions
Associations between SEP and children’s sedentary-time varied by SEP indicator and time of day. This highlights the importance of measuring multiple indicators of SEP and examining context specific sedentary time in children in order to fully understand how SEP influences this behaviour. Further research should combine self-report and objective data to examine associations with specific sedentary behaviours in the contexts within which they occur, as well as total sedentary time.
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Background
The term sedentary represents a distinct class of behaviours in which sitting predominates and little energy expenditure above resting values is required (1–1.5 metabolic equivalents [METs]) [1]. In children there is evidence of prospective associations between both specific sedentary behaviours (such as TV viewing) [2–4] and total sedentary time (objectively measured using accelerometers) [5, 6] with cardiometabolic risk factors, while increasing sedentary time is believed to be an underlying factor in the development of childhood obesity [7–9]. Recent reports suggest that 10 yr old boys and girls in the UK spend 7.5 and 7.7 hrs per day respectively in sedentary behaviours [10]. As sedentary behaviour has been shown to track from childhood into adolescence [11, 12] a better understanding of its correlates is important.
Socioeconomic position (SEP) is an important determinant of health as it can influence an individual’s attitudes, experiences and exposure to a range of risk factors [13]. A number of studies have observed that children with a lower SEP (as defined by family income, parental education or employment, or area deprivation) engage in higher levels of screen-based sedentary behaviour [13–17]. However, while self-reported TV viewing and screen time have often been used as a marker for a broader pattern of sedentary behaviour, agreement between self-reported and total sedentary time measured objectively may be limited [18, 19] and appears to vary between population subgroups [20, 21].
Studies examining associations between SEP and accelerometer-defined total sedentary time in children have reported mixed results. Positive, [22] inverse, [23] and null [10, 18, 23–26] associations have been observed with measures including maternal education, household income and area deprivation. Such SEP indicators measure different, often related aspects of socioeconomic stratification [27] which can act at different levels (e.g. individual, household, neighbourhood), [28, 29] at different time points, [30, 31] and through different causal pathways [32–34]. As the choice of SEP indicator may determine the strength and direction of associations between sedentary time and health, wherever possible it is beneficial to utilise multiple indicators at more than one level [35].
Existing studies also average sedentary time across all measurement days to achieve a single measure in minutes per day and as a consequence may fail to account for variations in the association between SEP and sedentary time between weekdays and weekends and different times of the day. When considering strategies to reduce sedentary time it is important not only to know who may be most at risk but also at what period of the day these strategies might be most beneficial [36].
In order to gain a clearer understanding of the association between SEP and childhood sedentary time this study examined the influence of a range of indicators of SEP on objectively assessed sedentary time on weekdays before, during and after school, and on weekend days.

Methods
Participants
Thirteen hundred and seven primary school children (aged 10–11 yrs) were recruited from a large UK city as part of the PEACH project (Personal and Environmental Associations with Children’s Health). The children attended one of 23 state funded primary schools that had the highest (>40%) transition rate to 8 state funded secondary schools. These secondary schools were chosen to be representative of the city on the basis of geographic location and area deprivation. Only one primary school declined to take part in the study. The project aimed to examine the environmental and personal determinants of physical activity in children as they transition from primary schools to secondary school. Of 1899 children who were invited to take part 1340 (70.5%) agreed to take part and 1307 were present at school on the first day of measurement [37]. Informed parental consent was obtained for all children and ethical approval for the study was provided by a University of Bristol ethics committee. Baseline data collection was carried out between 2006 and 2007. Data was collected from the children during school visits and from parents using questionnaires completed at home. Further details of participants and procedures are available elsewhere [38].

Measures

Dependent variables
Sedentary time was assessed by waist-worn Actigraph GT1M accelerometers (Actigraph, Pensacola, Florida). This monitor has been validated [39, 40] and used extensively as an objective measure of physical activity and sedentary time in children [9, 41]. Children were required to wear their accelerometer during waking hours for 7 consecutive days (excluding water-based activities) during which time activity data was recorded at 10 second epochs. Data reduction was carried out using Kinesoft software. Periods of 60 minutes or more at zero accelerometer counts per minute (cpm) were considered to be non-wear time and were excluded. Sedentary time was defined as <100 cpm [42]. Total sedentary time in minutes was recorded separately for three weekday periods (before-school, 7.00AM to 8.59AM; school-time, 9.00AM to 2.59M; after-school, 3.00PM to 11.00PM) and for weekend days. A valid measurement day consisted of ≥ 600 mins of accelerometer wear time. Participants with at least one valid weekday and one valid weekend day, who had worn the accelerometer in all three weekday periods, and who had complete information on all covariates were included in the final sample (n=629).

Explanatory variables
Parental educational attainment, annual household income, the number of cars available to the household, and whether the property has a private garden (including any outside space) were recorded by the parental questionnaire. Home postcodes for participating children were confirmed by the Local Education Authority and were used to calculate the English Index of Multiple Deprivation (IMD) score for each household. This is a neighbourhood score based on six categories of deprivation including health, income and employment [43].
Covariates included gender, accelerometer wear time (in minutes for each specific measurement period) minutes of daylight after 3.00PM, [44] method of travel both to and from school (active i.e. walk or cycle [coded 1], or non-active i.e. by car [coded 0]), and body mass index (BMI). Travel method to and from school was reported in the child questionnaire. Height and weight measures were taken on the first measurement day. Weight was measured using digital SECA scales recorded to the nearest 0.1 kilogram and height was measured using a portable Leicester height measure and recorded to the nearest millimetre. BMI was calculated as weight (kg)/height2(m). Analysis groups for SEP indicators and covariates are described in Table 1.Table 1
                          Sample characteristics
                        


	Age (yrs)
	 	10.95 (0.41)

	Gender (%)
	Male
	50.80

	 	Female
	49.20

	Height (cm)
	 	145.45 (7.17)

	Weight (kg)
	 	38.77 (8.36)

	BMI (kg.m2)
	 	18.20 (2.95)

	Waist circumference (cm)
	 	65.75 (8.03)

	2007 IMD Quartile (%)
	1 (Most deprived)
	25.12

	 	2
	25.44

	 	3
	25.28

	 	4 (Least deprived)
	24.17

	Property has a private garden? (%)
	No
	5.66

	Yes
	94.44

	Annual household income (%)
	<£20000
	23.73

	 	£20-40000
	39.56

	 	£40-60000
	20.09

	 	>£60000
	16.61

	Number of cars (%)
	0
	7.91

	 	1
	47.63

	 	2
	41.61

	 	≥3
	2.85

	Parent educational level (%)
	< University degree level
	66.72

	 	≥ University degree level
	33.28

	Before-school
	 	 
	Wear time
	(mins)
	68.67 (23.59)

	Sedentary time
	(mins)
	37.0 (15.87)

	School day
	 	 
	Wear time
	(mins)
	340.91 (41.14)

	Sedentary time
	(mins)
	218.49 (35.04)

	After-school
	 	 
	Wear time
	(mins)
	326.29 (62.83)

	Sedentary time
	(mins)
	194.11 (47.09)

	Weekend day
	 	 
	Wear time
	(mins)
	720.69 (79.73)

	Sedentary time
	(mins)
	440.59 (82.08)


Values are mean (SD) unless otherwise stated. N=629.



                

Data handling and statistical analysis
To examine the influence of SEP on children’s sedentary time a series of ordinary least squares regression models were fitted. Each SEP indicator was entered as a categorical variable with the lowest score for each indicator (which identifies the lowest SEP) as the reference category. Robust standard errors (using the ‘cluster’ command in STATA) were applied to the analyses to take account of clustering by school.
As socioeconomic factors can interact with gender to produce different effects across groups, [45] SEP × gender interaction terms were initially added to the models. Where no significant interaction effects were apparent, gender was treated as a confounder. Initial analyses were adjusted for gender and period specific accelerometer wear time (minutes) (model 1) and then for minutes of daylight after 3pm on the first measurement day at each school [44] and BMI (model 2). As travel to and from school is a potentially important source of physical activity or sedentary time [26] analyses of before-school and after-school sedentary time was then further adjusted for school travel method to or from school respectively.
All analyses were conducted in 2012 using STATA SE version 12.1 (StataCorp, College Station, Texas) and statistical significance was set at p<0.05.


Results
Complete information on all covariates was not available for 629 children, and a further 49 did not fulfil the wear-time criteria for these analyses. The final sample included 629 children. There were no significant differences in sedentary time before, during or after school or at weekends between those who were and those who weren’t included in the final analysis. However, those included in the analyses were more likely to be from households in less deprived areas, with a higher annual income, a greater number of cars and where a parent was qualified to university degree level or higher (P
                
                  trends
                 <0.006). Accelerometer wear time was not associated with any indicator of SEP. Sample characteristics including mean accelerometer wear time and sedentary time for each measurement period are described in Table 1. Coefficients and 95% confidence intervals for models 1 and 2 are detailed in Tables 2, and 3 respectively. In order to determine how much of the association between sedentary time and SEP in the before school and afterschool periods was explained by differences in school travel method (active or non-active travel), the model 2 analysis was further adjusted for school travel. This did not significantly affect the observed associations. School travel method is therefore included as a covariate in the before-school and afterschool analysis in model 2.Table 2
                        Sedentary time (<100 cpm) in minutes by categories of 5 indicators of SEP (model 1)
                      


	 	 	Sedentary behaviour (>100 counts.minute)

	 	 	Before school 7–8.59AM
	School day 9AM-2.59PM
	After school 3-11PM
	Weekend

	 	 	Coefficient
	95% CI
	Coefficient
	95% CI
	Coefficient
	95% CI
	Coefficient
	95% CI

	2007 IMD score
	1 (Most deprived)
	0
	 	0
	 	0
	 	
                            0
                          
	 
	(quartiles)
	2
	2.48
	0.002, 4.97
	0.96
	−5.75, 7.67
	4.071
	−7.56, 15.70
	
                            29.08
                          
	
                            11.85, 46.30
                          

	 	3
	2.08
	−0.27, 4.43
	0.35
	−7.93, 8.62
	9.65
	−1.14, 20.44
	
                            33.69
                          
	
                            15.18, 52.20
                          

	 	4 (Least deprived)
	1.25
	−1.02, 3.52
	6.79
	−1.99, 15.56
	12.13
	1.14, 23.12
	
                            30.22
                          
	
                            12.63, 47.82
                          

	 	p
                              trend
                            
                          
	0.16
	 	0.1305
	 	0.1063
	 	
                            0.0052
                          
	 
	Private garden?
	No
	0
	 	0
	 	
                            0
                          
	 	
                            0
                          
	 
	 	Yes
	−1.85
	−4.25, 0.55
	−1.96
	−9.79, 5.87
	
                            −14.69
                          
	
                            −26.04, -3.34
                          
	
                            −28.19
                          
	
                            −48.41, -7.97
                          

	Number of cars
	0
	0
	 	0
	 	0
	 	0
	 
	 	1
	0.97
	−1.54, 3.49
	5.28
	−2.95, 13.50
	4.98
	−3.36, 13.31
	−10.57
	−29.20, 8.06

	 	2
	0.88
	−2.23, 3.99
	5.88
	−1.62, 13.39
	6.08
	−3.07, 15.22
	−10.66
	−33.61, 12.29

	 	≥3
	0.47
	−2.61, 3.55
	6.18
	−8.00, 20.37
	7.61
	−5.63, 20.85
	1.55
	−24.59, 27.69

	 	p
                              trend
                            
                          
	0.7215
	 	0.4450
	 	0.4736
	 	0.4987
	 
	Household income
	<£20000
	0
	 	0
	 	0
	 	0
	 
	(per annum)
	£20-40000
	1.156
	−0.26, 2.58
	3.27
	−1.97, 8.51
	1.35
	−5.31, 8.01
	4.06
	−16.02, 24.14

	 	£40-60000
	−0.28
	−1.92, 1.36
	4.27
	−3.56, 12.09
	4.24
	−2.45, 10.93
	8.03
	−13.66, 29.73

	 	>£60000
	−1.46
	−3.37, 0.46
	5.58
	−4.44, 15.60
	2.36
	−7.45, 12.16
	−12.41
	−30.29, 5.47

	 	p
                              trend
                            
                          
	0.10013
	 	0.6190
	 	0.5505
	 	0.07
	 
	Level of education*
	< Degree level
	
                            0
                          
	 	
                            0
                          
	 	
                            0
                          
	 	0
	 
	 	≥ Degree level
	
                            −1.47
                          
	
                            −2.61, -0.32
                          
	
                            4.60
                          
	
                            0.81, 10.01
                          
	
                            4.07
                          
	
                            3.06, 11.21
                          
	−0.35
	−16.06, 15.35


Bold typeface indicates significance (p<0.05). Data are for participants with ≥1 valid weekday and ≥1 valid weekend day at ≥ 600 mins, and with valid wear time (>0 mins) for each weekday period. * For level of education ‘≥ Degree level’ refers to a parent being qualified to university degree level or higher. Adjusted for gender, and wear time for that period only.



                Table 3
                        Sedentary time (<100 cpm) in minutes by categories of 5 indicators of SEP (model 2)
                      


	 	 	Sedentary behaviour (>100 counts.minute)

	 	 	Before school 7–8.59AM
	School day 9AM-2.59PM
	After school 3-11PM
	Weekend

	 	 	Coefficient
	95% CI
	Coefficient
	95% CI
	Coefficient
	95% CI
	Coefficient
	95% CI

	2007 IMD score
	1 (Most deprived)
	0
	 	0
	 	
                            0
                          
	 	
                            0
                          
	 
	(quartiles)
	2
	2.67
	0.50, 4.83
	0.48
	−5.48, 6.45
	
                            4.30
                          
	
                            −6.09, 14.70
                          
	
                            26.34
                          
	
                            10.16, 42.53
                          

	 	3
	2.57
	0.38, 4.76
	0.85
	−7.20, 8.89
	
                            10.77
                          
	
                            0.47, 21.06
                          
	
                            33.28
                          
	
                            16.92, 49.65
                          

	 	4 (Least deprived)
	1.84
	−0.32, 4.00
	6.14
	−1.77, 14.06
	
                            12.74
                          
	
                            2.65, 22.84
                          
	
                            29.90
                          
	
                            14.20, 45.60
                          

	 	p
                              trend
                            
                          
	0.08
	 	0.19
	 	
                            0.04
                          
	 	
                            0.002
                          
	 
	Private garden?
	No
	0
	 	0
	 	
                            0
                          
	 	
                            0
                          
	 
	 	Yes
	−1.70
	−3.79, 0 .40
	−2.04
	−8.93, 4.85
	
                            −14.39
                          
	
                            −25.14, -3.64
                          
	
                            −27.44
                          
	
                            −43.11, -11.78
                          

	Number of cars
	0
	0
	 	0
	 	0
	 	0
	 
	 	1
	0.03
	−2.52, 2.57
	3.78
	−4.65, 12.21
	3.19
	−4.41, 10.79
	−11.33
	−27.30, 4.64

	 	2
	−0.35
	−3.39, 2.69
	4.38
	−3.39, 12.15
	4.09
	−4.27, 12.46
	−11.11
	−31.82, 9.60

	 	≥3
	−2.04
	−4.81, 0.73
	3.20
	−11.15, 17.55
	3.81
	−8.28, 15.90
	0.27
	−21.59, 22.14

	 	p
                              trend
                            
                          
	0.10
	 	0.67
	 	0.75
	 	0.45
	 
	Household income
	<£20000
	0
	 	0
	 	0
	 	0
	 
	(per annum)
	£20-40000
	0.96
	−0.36, 2.28
	2.85
	−2.19, 7.89
	1.25
	−5.43, 7.92
	3.41
	−16.24, 23.07

	 	£40-60000
	−0.15
	−1.70, 1.40
	4.77
	−2.80, 12.35
	5.13
	−1.07, 11.33
	10.00
	−11.16, 31.15

	 	>£60000
	−1.21
	−2.99, 0.58
	6.62
	−0.74, 13.99
	3.99
	−3.90, 11.87
	−6.94
	−25.24, 11.35

	 	p
                              trend
                            
                          
	0.10
	 	0.32
	 	0.30
	 	0.22
	 
	Level of education
	< Degree level
	0
	 	
                            0
                          
	 	
                            0
                          
	 	0
	 
	 	≥ Degree level
	−0.88
	−2.03, 0.261
	
                            5.87
                          
	
                            1.72, 10.04
                          
	
                            6.04
                          
	
                            0.08, 12.16
                          
	3.83
	−13.66, 21.31


Bold typeface indicates significance (p<0.05). Data are for participants with ≥1 valid weekday and ≥1 valid weekend day at ≥ 600 mins, and with valid wear time (>0 mins) for each weekday period. * For level of education ‘≥ Degree level’ refers to a parent being qualified to university degree level or higher. All adjusted for gender, BMI, minutes of daylight after 3.00pm, and accelerometer wear time for that period. Before school and afterschool sedentary time additionally adjusted for school travel method to or from school respectively.



              
Having a private garden was associated with significantly lower levels of sedentary time after school and on weekend days in model 1 and remained after adjustment for all covariates (model 2). A priori, having a private garden was included as a measure of material wealth. To examine the possibility that the association between having a private garden and sedentary time is confounded by the SEP of the parents the regression models were repeated with further adjusted for household income. This made very little difference to the observed associations. Across household income groups having a private garden was still negatively associated with sedentary time. There were also no significant interactions between household income and having a private garden.
A weak inverse association was observed between parental educational attainment and sedentary time before-school and a positive association during and after school. The before-school association was attenuated to the null in model 2. The association between educational level and after-school sedentary time was modified by gender (data not shown). In girls there was no difference in recorded sedentary time by level of parental education whereas in boys higher parental education was associated with an increase in sedentary time (11.86 mins [95% CI 2.02, 21.69, P =0.02]).
In the fully adjusted model only, decreasing area deprivation (increasing affluence) was associated with increased after-school sedentary time. Those in the most deprived quartile also recorded a lower average sedentary time at weekends than those in less deprived groups in both model 1 and model 2.
Household income and car ownership were not associated with sedentary time during any weekday period or on weekend days across either of the 2 models and no other interaction effects were observed.

Discussion
In order to gain a clearer understanding of the relationship between socioeconomic position and childhood sedentary time the current study sought to separately examine the influence of five indicators of SEP on objectively assessed sedentary time during three distinct periods of a school day and on a weekend day.
Having a private garden was associated with significantly less sedentary time both before and after school and at weekends. The garden is an important area for children’s outdoor play [46] and evidence suggests a negative association between outdoor play and sedentary behaviours [47, 48]. It is therefore logical that having a safe private outside space would be associated with a reduction in sedentary time while children are away from school and their time is more discretionary. Although the current data refers only to private gardens it is possible that the provision of safe places to play within sight of where children live could potentially reduce sedentary time in children from households without private gardens.
During school-time children from a parent educated to university degree level or higher recorded a few more minutes of sedentary time than children from a less well educated parent. In the after-school period this relationship was only true for boys. This is consistent with one previous study which demonstrated that higher maternal education was associated with higher levels of sedentary behaviour in a large cohort of British children [22]. Method of school travel has been reported as being an important contributor to differences in sedentary time [26] in the afterschool period, but additional adjustment for active versus non-active school travel did not significantly alter the associations in the current analyses. However, it has been previously suggested that better educated parents are likely to place greater importance on their child’s academic achievements and therefore encourage more study time which could involve more sitting after school [22]. Lower SEP children may also be left unsupervised more often and for longer periods during the after-school period, possibly due to pressures of parent’s work [49]. A recent study observed that the number of hours spent unsupervised in this period was associated with higher levels of accelerometer defined physical activity, less time sitting on buses or in cars and less time sitting doing homework [49]. The gender difference in after-school sedentary time-parental education relationship is also consistent with previous evidence suggesting that boys of this age are afforded more freedom for independent mobility within the local and wider neighbourhood than girls, [38] and spend more time outdoors in the after-school period [50].
The observation that children with more educated parents record higher average school-time sedentary time is more difficult to explain although previous reports from this cohort found that children who are entitled to free school meals (an indicator of low household income/SEP) engaged in significantly greater levels of school time physical activity than those who are not [51]. Evidence also suggests that maternal education is inversely associated with disruptive behaviour [52] and symptoms of attention deficit hyperactivity disorder [53] (ADHD) in children. Although not measured in the current study it is possible that differences in school-time sitting behaviour by parental education are due to higher levels of disruptive behaviour and ADHD in children with a less well-educated parent. An alternative explanation is that children with a better educated parent attend schools that place a greater emphasis on study (sitting) time and less on play time during the school day.
During the after-school period and on weekends there was a significant increase in sedentary time in children residing in less deprived areas independent of gender, accelerometer wear time, minutes of daylight, BMI and from-school travel method (afterschool analysis only). Leventhal et al. suggest that the academic improvement observed in children of this age when they moved from areas of high deprivation to lower deprivation neighbourhoods was partially attributable to an increase in out of school study time, [54] which could provide a possible mechanism for this finding. It is also equally possible that children living in deprived neighbourhoods, in overcrowded accommodation, are permitted more independent mobility and play out more than children living in affluent neighbourhoods where parents may have greater anxiety about allowing children to play outside unsupervised.
The associations of parental education and area deprivation in the current study are not consistent with previous evidence regarding sedentary time and SEP. Specific sedentary behaviours, most frequently television or screen time, have often been associated with children in lower SEP groups [13–17] while only one other study has observed a positive association between accelerometer defined sedentary time and SEP [22]. The contrary findings in the current study may be due to methodological differences in defining the exposure (choice of SEP indicator) and the outcome (specific behaviours and total or periodic sedentary time).
A recent study reported that while TV viewing was inversely associated with indicators of SEP (including maternal education and household income) no association was evident with accelerometer defined sedentary time in children of this age group [18]. This is perhaps not surprising given that TV viewing and screen time do not adequately reflect total sedentary time in children of this age [20]. This suggests that other sitting activities (reading, homework, etc.) are important contributors to total sedentary time [21] and may be differentially associated with indicators of SEP. The differences in the results of this study highlight the specificity of the relationship between various indicators of SEP and types of sedentary behaviour and periods of time. Future research examining associations between SEP and sedentary time needs to be more specific about the hypothesised relationship between the measure of SEP employed and the type of sedentary behaviour being examined.
Accelerometer determined sedentary time is arguably more precise than self-reported sitting and allows specific time periods to be separately examined. However, methodological differences regarding the use of aggregate data, the criteria used to define sedentary time, the definition of a valid measurement day and the number of valid days analysed make comparison between studies problematic and can potentially affect the associations observed. Previous studies have used an average value for sedentary time from a minimum of three [18, 23] or four [24, 26] days of accelerometer data including at least one weekend day. Two of these studies defined sedentary time (<100 cpm) and a valid measurement day (≥600 minutes of valid wear time) in the same way as the current study but reported mean sedentary time values which are lower (395.5 mins [±69.3] [18] and 380 mins [±92.2] [24] compared to 449 mins [±97.96] in the current study). Both studies reported null associations between SEP and sedentary time. As a child’s choice of activity and therefore their volume of sedentary time would be more controlled during a school day than a weekend day, [10] average daily sedentary time values may be affected by the number of weekdays and weekend days from which the averages are computed and may lead to an underestimation of weekday sedentary time. The differential associations observed between sedentary time and SEP indicators in the current study, highlights the importance of examining sedentary time in different time periods separately.
This study and others demonstrate that the relationship between childhood sedentary time and SEP is a complex one. It appears that the specific sedentary behaviour being measured, the context of the behaviour (at school, at home or during different times of the day), and measure of SEP are all important factors. Future studies should combine self-report and objective measures to accurately examine specific behaviours in the context in which they occur, how they contribute to sedentary time at different times of the day and how these relationships differ across social groups using a range of relevant indicators of SEP.
Strengths and limitations
The main limitation of this study is the potential for non-response bias due to incomplete data on indicators of SEP. However, while responders were more likely to be from a higher SEP, no significant differences in sedentary time were observed between those who were and those who were not included in the final analyses. Other limitations include the cross-sectional design and reliance on self-report data for 4 of the 5 indicators of SEP. Misclassification of the exposures (due to inaccuracies in reporting), if non-differential, would lead to an attenuation of any associations towards the null. The present study also examines sedentary time recorded between 7.00AM and 11.00PM and therefore excludes sedentary time outside of this period. This could potentially mask important associations if sedentary time before 7.00AM and after 11.00PM is socially patterned. However, in the current sample very few children recorded any data outside of this period and even fewer did so on more than one day. Defining a valid day as one with at least 600 minutes of wear time, an approach used extensively in studies examining accelerometer defined physical activity and sedentary behaviour, [18, 24] also leaves the possibility that comparisons are made between individuals with data measured at slightly different times of the day.
A significant strength of this study is the large diverse sample which encompasses children from 23 different primary schools and from a range of physical and social environments. The control of known confounding factors including gender, accelerometer wear time, daylight, non-active transport and BMI is also a strength. The objective measurement of sedentary time also reduces the possibility of type two error due to misclassification associated with self-report measures. However, as discussed individual sedentary behaviours may be differentially associated with indicators of SEP, in which case a measure of total sedentary time, however accurate, may mask important associations. Despite consensus that SEP is complex and multifactorial most childrens health studies use a single socioeconomic variable to represent SEP. A key strength of the current study is the use of a broad range of robust indicators of SEP reflecting characteristics of the family, the physical household environment and surrounding neighbourhood. These indicators also have theoretically plausible pathways to the outcome.


Conclusions
This is the first study to separately consider the influence of a range of socioeconomic factors on objectively measured sedentary time by time period. The results suggest that children of parents with a higher level of educational attainment may be more sedentary during school time and in the afterschool period in boys. Children living in less deprived areas may also be more sedentary after school and at weekends. Living in a household with a private garden was associated with a significant reduction in sedentary time outside of school hours. These differential associations between SEP and sedentary time during different periods of a school day and on weekend days are important because they highlight the need to examine sedentary behaviour in different contexts to fully understand how SEP influences behaviour. Further research should combine self-report and objective data to examine associations with specific sedentary behaviours in the contexts within which they occur, as well as total sedentary time.

Acknowledgements
The authors are very grateful to the participants and their families who gave their time to the study. We would also like to acknowledge all members of the PEACH Project team not listed as co-authors of this paper. This work was supported by the National Prevention Research Initiative [G0501311] and World Cancer Research Fund (WCRF UK).

References
1.
Pate RR, O’Neill JR, Lobelo F: The evolving definition of “sedentary”.
                  Exerc Sport Sci Rev 2008,36(4):173–178.CrossRef

2.
Jago R, Baranowski T, Baranowski JC, Thompson D, Greaves KA: BMI from 3–6 y of age is predicted by TV viewing and physical activity, not diet.
                  Int J Obes (Lond) 2005,29(6):557–564.CrossRef

3.
Hancox RJ, Milne BJ, Poulton R: Association between child and adolescent television viewing and adult health: a longitudinal birth cohort study.
                  Lancet 2004,364(9430):257–262.CrossRef

4.
Landhuis CE, Poulton R, Welch D, Hancox RJ: Programming obesity and poor fitness: the long-term impact of childhood television.
                  Obesity 2008,16(6):1457–1459.CrossRef

5.
Ekelund U, Luan J, Sherar LB, Esliger DW, Griew P, Cooper A: Moderate to vigorous physical activity and sedentary time and cardiometabolic risk factors in children and adolescents.
                  JAMA 2012,307(7):704–712.CrossRef

6.
Mitchell JA, Pate RR, Beets MW, Nader PR: Time spent in sedentary behavior and changes in childhood BMI: a longitudinal study from ages 9 to 15 years.
                  Int J Obes (Lond) 2013,37(1):54–60.CrossRef

7.
Kimm SY, Glynn NW, Obarzanek E, Kriska AM, Daniels SR, Barton BA, Liu K: Relation between the changes in physical activity and body-mass index during adolescence: a multicentre longitudinal study.
                  Lancet 2005,366(9482):301–307.CrossRef

8.
Ness AR, Leary SD, Mattocks C, Blair SN, Reilly JJ, Wells J, Ingle S, Tilling K, Smith GD, Riddoch C: Objectively measured physical activity and fat mass in a large cohort of children.
                  PLoS Med 2007,4(3):e97.CrossRef

9.
Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M: Physical activity in the United States measured by accelerometer.
                  Med Sci Sports Exerc 2008,40(1):181–188.CrossRef

10.
Steele RM, van Sluijs EM, Sharp SJ, Landsbaugh JR, Ekelund U, Griffin SJ: An investigation of patterns of children’s sedentary and vigorous physical activity throughout the week.
                  Int J Behav Nutr Phys Act 2010, 7:88.CrossRef

11.
Janz KF, Dawson JD, Mahoney LT: Tracking physical fitness and physical activity from childhood to adolescence: the muscatine study.
                  Med Sci Sports Exerc 2000,32(7):1250–1257.CrossRef

12.
Pate RR, Trost SG, Dowda M, Ott AE, Ward DS, Saunders R, Felton G: Tracking of physical activity, physical inactivity, and health-related physical fitness in rural youth.
                  Pediatr Exerc Sci 1999,11(4):364–376.

13.
Drenowatz C, Eisenmann JC, Pfeiffer KA, Welk G, Heelan K, Gentile D, Walsh D: Influence of socio-economic status on habitual physical activity and sedentary behavior in 8-to 11-year old children.
                  BMC Publ Health 2010, 10:214–224.CrossRef

14.
Brodersen NH, Steptoe A, Williamson S, Wardle J: Sociodemographic, developmental, environmental, and psychological correlates of physical activity and sedentary behavior at age 11 to 12.
                  Ann Behav Med 2005,29(1):2–11.CrossRef

15.
Fairclough SJ, Boddy LM, Hackett AF, Stratton G: Associations between children’s socioeconomic status, weight status, and sex, with screen-based sedentary behaviours and sport participation.
                  Int J Pediatr Obes 2009,4(4):299–305.CrossRef

16.
Gordon-Larsen P, McMurray RG, Popkin BM: Determinants of adolescent physical activity and inactivity patterns.
                  Pediatrics 2000,105(6):e83.CrossRef

17.
Willoughby T: A short-term longitudinal study of Internet and computer game use by adolescent boys and girls: prevalence, frequency of use, and psychosocial predictors.
                  Dev Psychol 2008,44(1):195–204.CrossRef

18.
Tandon PS, Zhou C, Sallis JF, Cain KL, Frank LD, Saelens BE: Home environment relationships with children’s physical activity, sedentary time, and screen time by socioeconomic status.
                  Int J Behav Nutr Phys Act 2012, 9:88–99.CrossRef

19.
Page AS, Cooper AR, Griew P, Jago R: Children’s screen viewing is related to psychological difficulties irrespective of physical activity.
                  Pediatrics 2010,126(5):e1011-e1017.CrossRef

20.
Verloigne M, Lippevelde WV, Maes L, Yildirim M, Chinapaw M, Manios Y, Androutsos O, Kovacs E, Bringolf-Isler B, Brug J, et al.: Self-reported TV and computer time do not represent accelerometer-derived total sedentary time in 10 to 12-year-olds.
                  Eur J Public Health 2013,23(1):30–32.CrossRef

21.
Clark BK, Healy GN, Winkler EA, Gardiner PA, Sugiyama T, Dunstan DW, Matthews CE, Owen N: Relationship of television time with accelerometer-derived sedentary time: NHANES.
                  Med Sci Sports Exerc 2011,43(5):822–828.CrossRef

22.
Mitchell JA, Pate RR, Dowda M, Mattocks C, Riddoch C, Ness AR, Blair SN: A prospective study of sedentary behavior in a large cohort of youth.
                  Med Sci Sports Exerc 2012,44(6):1081–1087.CrossRef

23.
van Sluijs EM, Page A, Ommundsen Y, Griffin SJ: Behavioural and social correlates of sedentary time in young people.
                  Br J Sports Med 2010,44(10):747–755.CrossRef

24.
Ball K, Cleland VJ, Timperio AF, Salmon J, Crawford DA: Socioeconomic position and children’s physical activity and sedentary behaviors: longitudinal findings from the CLAN study.
                  J Phys Act Health 2009,6(3):289–298.

25.
Dolinsky DH, Brouwer RJ, Evenson KR, Siega-Riz AM, Ostbye T: Correlates of sedentary time and physical activity among preschool-aged children.
                  Prev Chronic Dis 2011,8(6):A131.

26.
King AC, Parkinson KN, Adamson AJ, Murray L, Besson H, Reilly JJ, Basterfield L: Correlates of objectively measured physical activity and sedentary behaviour in English children.
                  Eur J Public Health 2010,21(4):424–431.CrossRef

27.
Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey Smith G: Indicators of socioeconomic position (part 1).
                  J Epidemiol Community Health 2006,60(1):7–12.CrossRef

28.
Pickett KE, Pearl M: Multilevel analyses of neighbourhood socioeconomic context and health outcomes: a critical review.
                  J Epidemiol Community Health 2001,55(2):111–122.CrossRef

29.
Yen IH, Syme SL: The social environment and health: a discussion of the epidemiologic literature.
                  Annu Rev Public Health 1999, 20:287–308.CrossRef

30.
Rahkonen O, Lahelma E, Huuhka M: Past or present? childhood living conditions and current socioeconomic status as determinants of adult health.
                  Soc Sci Med 1997,44(3):327–336.CrossRef

31.
Smith GD, Hart C, Blane D, Hole D: Adverse socioeconomic conditions in childhood and cause specific adult mortality: prospective observational study.
                  Br Med J 1998,316(7145):1631–1635.CrossRef

32.
Adler NE, Boyce WT, Chesney MA, Folkman S, Syme SL: Socioeconomic inequalities in health - no easy solution.
                  Jama-Journal of the American Medical Association 1993,269(24):3140–3145.CrossRef

33.
Marmot M, Ryff CD, Bumpass LL, Shipley M, Marks NF: Social inequalities in health: next questions and converging evidence.
                  Soc Sci Med 1997,44(6):901–910.CrossRef

34.
Marmot MG, Smith GD, Stansfeld S, Patel C, North F, Head J, White I, Brunner E, Feeney A: Health inequalities among British civil servants: the Whitehall II study.
                  Lancet 1991,337(8754):1387–1393.CrossRef

35.
Braveman PA, Cubbin C, Egerter S, Chideya S, Marchi KS, Metzler M, Posner S: Socioeconomic status in health research: one size does not fit all.
                  JAMA 2005,294(22):2879–2888.CrossRef

36.
Bailey DP, Fairclough SJ, Savory LA, Denton SJ, Pang D, Deane CS, Kerr CJ: Accelerometry-assessed sedentary behaviour and physical activity levels during the segmented school day in 10–14-year-old children: the HAPPY study.
                  Eur J Pediatr 2012,171(12):1805–1813.CrossRef

37.
Cooper AR, Jago R, Southward EF, Page AS: Active travel and physical activity across the school transition: the PEACH project.
                  Med Sci Sports Exerc 2012,44(10):1890–1897.CrossRef

38.
Page AS, Cooper AR, Griew P, Davis L, Hillsdon M: Independent mobility in relation to weekday and weekend physical activity in children aged 10–11 years: the PEACH project.
                  Int J Behav Nutr Phys Act 2009, 6:2.CrossRef

39.
Pate RR, Almeida MJ, McIver KL, Pfeiffer KA, Dowda M: Validation and calibration of an accelerometer in preschool children.
                  Obesity (Silver Spring) 2006,14(11):2000–2006.CrossRef

40.
Puyau MR, Adolph AL, Vohra FA, Butte NF: Validation and calibration of physical activity monitors in children.
                  Obes Res 2002,10(3):150–157.CrossRef

41.
Riddoch CJ, Leary SD, Ness AR, Blair SN, Deere K, Mattocks C, Griffiths A, Davey Smith G, Tilling K: Prospective associations between objective measures of physical activity and fat mass in 12–14 year old children: the Avon Longitudinal Study of Parents and Children (ALSPAC).
                  BMJ 2009, 339:b4544.CrossRef

42.
Treuth MS, Schmitz K, Catellier DJ, McMurray RG, Murray DM, Almeida MJ, Going S, Norman JE, Pate R: Defining accelerometer thresholds for activity intensities in adolescent girls.
                  Med Sci Sports Exerc 2004,36(7):1259–1266.

43.
Niggebrugge A, Haynes R, Jones A, Lovett A, Harvey I: The index of multiple deprivation 2000 access domain: a useful indicator for public health?
                  Soc Sci Med 2005,60(12):2743–2753.CrossRef

44.
Sunrise and sunset for UK (Bristol)http://​www.​Timeanddate.​com (2009) [http://​www.​timeanddate.​com/​worldclock/​astronomy.​html?​n=​299] (2009)

45.
Krieger N, Williams DR, Moss NE: Measuring social class in US public health research: concepts, methodologies, and guidelines.
                  Annu Rev Public Health 1997, 18:341–378.CrossRef

46.
Jones AP, Coombes EG, Griffin SJ, van Sluijs EM: Environmental supportiveness for physical activity in English schoolchildren: a study using global positioning systems.
                  Int J Behav Nutr Phys Act 2009, 6:42.CrossRef

47.
Burdette HL, Whitaker RC: A national study of neighborhood safety, outdoor play, television viewing, and obesity in preschool children.
                  Pediatrics 2005,116(3):657–662.CrossRef

48.
Kuepper-Nybelen J, Lamerz A, Bruning N, Hebebrand J, Herpertz-Dahlmann B, Brenner H: Major differences in prevalence of overweight according to nationality in preschool children living in Germany: determinants and public health implications.
                  Arch Dis Child 2005,90(4):359–363.CrossRef

49.
Rushovich BR, Voorhees CC, Davis CE, Neumark-Sztainer D, Pfeiffer KA, Elder JP, Going S, Marino VG: The relationship between unsupervised time after school and physical activity in adolescent girls.
                  Int J Behav Nutr Phys Act 2006, 3:20.CrossRef

50.
Cooper AR, Page AS, Wheeler BW, Hillsdon M, Griew P, Jago R: Patterns of GPS measured time outdoors after school and objective physical activity in English children: the PEACH project.
                  Int J Behav Nutr Phys Act 2010, 7:31.CrossRef

51.
Griew P, Page A, Thomas S, Hillsdon M, Cooper AR: The school effect on children’s school time physical activity: the PEACH project.
                  Prev Med 2010,51(3–4):282–286.CrossRef

52.
Kalff AC, Kroes M, Vles JS, Hendriksen JG, Feron FJ, Steyaert J, van Zeben TM, Jolles J, van Os J: Neighbourhood level and individual level SES effects on child problem behaviour: a multilevel analysis.
                  J Epidemiol Community Health 2001,55(4):246–250.CrossRef

53.
Butler AM, Kowalkowski M, Jones HA, Raphael JL: The relationship of reported neighborhood conditions with child mental health.
                  Acad Pediatr 2012,12(6):523–531.CrossRef

54.
Leventhal T, Brooks-Gunn J: A randomized study of neighborhood effects on low-income children’s educational outcomes.
                  Dev Psychol 2004,40(4):488–507.CrossRef



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

Authors’ contributions
AC and AP conceived and led the study. PG coordinated data collection. RP conducted the analyses and wrote the initial manuscript. All authors contributed to the interpretation of data and helped in writing the manuscript. All authors read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/contact.gif





