Compliance with Physical Activity Guidelines in Preschool Children
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The purpose of this study was twofold: a) to document the gender differences in Physical Activity (PA): Total (TPA) and Moderate to Vigorous (MVPA) according to weekdays and weekend and gender in preschoolers, and b) to document the compliance with PA recommendations for TPA (NASPE guidelines) and MVPA during weekday (WKD) and weekend (WKED) and between gender. 
The sample comprised 245 preschoolers (105 girls) aged 3.5 - 6 years old. PA was assessed by accelerometer for 7 consecutive days. Data were analysed with specific software. Specific counts-per-minute were used. Independent t test and GLM repeated measures were used to assess differences between gender and differences between different days (WKD and WKED) within each gender, respectively. Chi-square Test was used to determine gender differences on the proportion of children compliance with PA guidelines.
Boys engaged significantly more (p<0.05) in TPA and MVPA than girls did. On average, during WKD preschool children engaged significantly more (p<0.05) in TPA and MVPA than during WKED. Altogether, 74.3% and 93.5% of the children met the NASPE guidelines and MVPA recommendations, respectively on WKD, whereas the compliance with both recommendations decreased substantially in both gender during WKED.
The results of this study suggest that despite 83% of the daily time has been spent in sedentary behaviors; the majority of the pre-school children met the daily PA and MVPA recommendations during WKD. It is needed to pay attention to these two independent analyses for a correct interpretation of the results found at this age because these two behaviors, SB and PA, might not necessarily to counteract each other.
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Introduction
Children's physical inactivity has been categorized as a modifiable risk factor for lifestyle related diseases 1-5. Furthermore, it has been suggested that inactivity during youth is linked to several health-related risks in adulthood 6-10. Moreover, studies suggest that adequate participation in regular physical activity during childhood might be of critical implication in the primary prevention of chronic disease in adulthood 11, 12.
As researchers begin to explore the physical activity (PA) dose-response relationship with health parameters, it is increasingly important to provide a more precise estimate of both quantity and quality of PA, namely (1) to document the frequency and distribution of PA in defined population groups, and (2) to determine the amount or dose of PA required to influence specific health parameters 13. Hence, the measurement of the PA at early ages is a key factor in lifestyle evaluation and a tool for its control.
Current health-related PA guidelines suggested that preschool children should accumulate at least 120 minutes of PA per day (60 minutes daily of structured and 60 minutes daily of unstructured  PA) for a healthy lifestyle 14. More recently, an expert panel reviewed the literature on PA in school-aged children and recommended that children should participate in at least 60 minutes of moderate to vigorous (MVPA) per day every day 4.
Although some information has been provided with regard the associations between PA and health parameters in early infancy 15-18, little is known about the compliance with PA recommendations in pre-school children and, at best of our knowledge, less information is available how children behave during weekday (WKD) compared to weekend days (WKED). This might be an important topic since further strategies of PA promotion targeting early childhood should be developed based on substantial pre schools population data.

Materials and Methods
Participants and setting

The participants of this study derived from the Preschool Physical Activity, Body Composition and Lifestyle Study (PRESTYLE), a longitudinal study that started in fall 2008. A random sample of 650 children, aged 2 to 6 years old, was recruited from kindergartens located in the Metropolitan area of Porto, in Portugal. In this study it was only included children aged 3.5 to 6 years old, who had 7 complete days (5 WKD and 2 WKED) of accelerometer data. The final sample included 245 healthy preschool children (105 girls) aged 3 - 6 years old (= 5.2 ± 0.8 yrs-old). Mean body height was 112.2 ± 0.07 cm and mean body mass was 21.6 ± 4.1 kg. Informed written consent was obtained from the children’s parents or guardian and the school principal. Study procedures were approved by the Portuguese Foundation for Science and Technology and by the Ethics committee of the PhD program in Physical Activity and Health hosted by Faculty of Sports at Porto University.
Physical Activity 
Daily PA was measured using actigraph accelerometers, model GTM1 (Pensacola, FL 32502. USA). This is a small, lightweight, uniaxial device. This accelerometer produces 'raw' output in activity counts per minute (CPM), which gives information about the total amount of PA 19. Alternatively, accelerometer output can be interpreted using specific cut-points, which describe different intensities of PA. Data reduction, cleaning, and analyses of accelerometer data were performed using a specially written program (MAHUffe; available in www.mrc-epid.cam.ac.uk), described and used previously 20, 21. Data were analysed using specific paediatric cut-points, which have been validated for young children: ≥1100 per minute for active time recommended by Reilly et al. 22, > 1680 for MPA and > 3360 for VPA per minute suggested by Pate et al. 23. 
For the purpose of this study the epoch duration or sampling period was set to 5 seconds, which seems to be more accurate and suitable concerning to the spontaneous and intermittent activities of the children and previously used in a similar sample 24. 
	The study was conducted on 7 consecutive days (Monday to Sunday) between February 2008 and May of 2009 to account for seasonal variation. A minimum of 10 hours per day was admitted as valid data for the analysis. Parents were instructed to place the accelerometer on the respective child when child wake up and remove it before they go sleep. The accelerometer was firmly adjusted at the child’s right hip by an elastic waist belt under clothing (own cloth and school coat). A data sheet was given to the children’s teachers, who were instructed to record the time when the child arrived and leave at school. Activities were not prescribed or directed by the teachers and researchers. Children participated in normal activities with their classmates. 
We followed the NASPE Guidelines 14 calculating the proportion of children who spent at least ≥120min/day in active play (for physical activity) and the proportion who spent ≥60min/day in active play (for moderate to vigorous physical activity).
Statistical analysis
All data was checked for normality prior to statistical analysis. Descriptive statistics were used in order to characterize and describe the sample. The daily time spend in MVPA was calculated by summing the minutes of MVPA for each day. To examine the patterns of PA, data was divided by WKD and WKED. Gender differences in TPA and MVPA between WKD and WKED were tested with Independent sample T-Test. GLM –repeated measures were used to analyze differences in TPA and MVPA between WKD and WKE within each gender and interaction between genders. Chi-square Test was used to determine gender differences on the proportion of children compliance with PA guidelines. All statistical analysis was performed using SPSS 15.0 for windows. The level of significance was set at p<0.05.

Results
Table 1 summarizes the PA patterns according to gender during WKD and WKED, respectively. On average, boys were significantly more active than girls (p<0.05) in TPA during WKD (boys – 155.4min. vs girls – 128.22min.) and during WKED (boys – 131.5min. vs girls – 113.9min.). Boys also spent significantly more time in MVPA during WKD (boys - 111.2min. vs girls – 90.5min.) and during WKED (boys – 95.4min. vs girls – 79.2min.) than girls did. Further, during WKD, regardless gender, preschool children were significantly more engaged in TPA and MVPA (143.7min. and 102.3min. respectively) compared to WKED (123.9min. and 88.4min., respectively).

	
	
	
	All Group
N=245
X                SD
	Girls
N=105
X                  SD
	Boys
N=140
X                  SD

	TPA (minutes)
	WKD
	143.8
	43.3
	      128.2    b
	34.8
	     155.4    b
	45.4

	
	WKED
	123.9
	41.8
	     113.9    b
	33.6
	     131.5    b
	45.7

	MVPA (minutes)
	WKD
	102.3
	31.2
	      90.5    b
	27.0
	    111.2    b
	31.3

	
	WKED
	88.4
	33.7
	      79.2    b
	25.6
	     95.4    b
	37.2

	Sedentary (%)
	WKD
	83.0
	84,7
	     81.6     c

	
	WKED
	83.9
	85.3
	     82.8     c

	TPA (%)
	WKD
	17.1
	15.3
	     18.4     c

	
	WKED
	16.1
	14.7
	     17.2     c

	MVPA (%)
	WKD
	12.1
	10.8
	13.2

	
	WKED
	11.5
	10.2
	12.5





WKE – weekdays; WKED – weekend days
a – p<0.001 – differences between genders within WKD and WKED
b - p<0.001 – differences between WKD and WKED within each gender
c - p<0.05 – differences between WKD and WKED within each gender

The Table 1 show, in both genders, sedentary behavior (SB) accounted for the majority of the WKD time (84.7% girls vs 81.6% boys; p<0.05 for gender) compared with WKED (85.3% girls vs 82.8% boys (p<0.05 for gender). With the values of MVPA recommendations, in both sexes, we also found highest values during WKD time compared to WKED (10.8% and 10.2% girls (p=0.019) vs 13.2% and 12.5% in boys (p=0.019)). 
Figure 1 shows the proportion of children who met PA guidelines: (1) NASPE’s guidelines for active play (≥120min/day) and, (2) Strong’s recommendations for MVPA (≥60min/day) according to gender for both, WKD and WHED. All together, 74,3% of the children (59% girls and 85.6% boys (p<0.05) met the NASPE guidelines on WKD, while this proportion decreased substantially in both, boys and girls, to just 59.2% on WKED (52.4% girls and 64.3% boys). There was statistically significant difference in PA levels between boys and girls during WKD and WKED (p=0.000). On the other hand, 93.5% of the children (89.4% girls and 96.4% boys (p<0.05)) achieved the MVPA recommendations on WKD, whereas this proportion decreased substantially in both, boys and girls, to just 77.6% on WKED (69.5% girls and 83.6% boys (p=0.009).
*
*
*
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WKE – weekdays; WKED – weekend days
· P<0.05

Figure 1 – PA recommendations for TPA and MVPA during weekday (WKD) and weekend (WKED).


Discussion
This study reports information about the participation of preschool children in TPA and MVPA, comparing WKD and WKED. Further, it looks at the percentage of children achieving TPA guidelines and MVPA recommendations. Although increased attention has been focused in health-related PA as a key factor in public health promotion, at the best of our knowledge few data has focused its attention on health-related PA recommendations in kindergarten children, using objective measures.
The data of the present study suggested that boys were more active than girls (p<0.05) in TPA and MVPA, which is consistent with the majority of studies among preschool children 25. Our data also highlighted that regardless gender, children were significantly more active (TPA and MVPA) during WKD. Comparisons across the studies for WKD and WKED are somewhat difficult due to age subject’s samples and differences from measurements tools. However, two studies in older children, using objective measures by heart rate monitoring reported slightly higher means on weekdays than on weekends at either MVPA in young girls 26, 27. 
In both genders, sedentary activities accounted for the majority of the WKD (83%) and WKED (83.9%), while MVPA accounts for 12.1% during WKD and 11.5% during WKED. Several studies have shown that pre-school children spent the majority of their daily time engaged in sedentary /light activities 28 29. For instance, Kelly et al.28 and Fisher et al 29 reported lower values for sedentary activities in pre-school children, 78% and 76.3%, respectively, while others found a slightly higher percentage of  MVPA (13%) 30. However, at the best of our knowledge, none of those studies analyzed the data with regard the PA recommendations. Thus, our findings are worthy to comment. These general guidelines suggested that preschool aged children should accumulate at least 120 minutes of PA per day (60 minutes daily of structured and at least 60 minutes daily of unstructured of PA) 14 and participate in at least 60 minutes of moderate to vigorous (MVPA) per day every day 4. Based on that figures, our study showed that around ¾ and over 90% of the children met the NASPE recommendation as well as the MVPA recommendations during WKD, respectively. Although our data clearly showed that in relative terms, sedentary and light activities corresponds to the majority of the time spent by pre-school children during WKD and WKED, the data-related PA recommendations found precludes the idea of sedentariness, despite their high relative values (%) spent on daily sedentary time.  Other studies using the PA recommendations showed similar values. For instance, a study found lower values during WKD (56%) and similar values  to ours during WKED using NASPE recommendations31. In that study it was also reported that all kids met MVPA recommendations. In 5-6 years-old children were found similar values (99%) for MVPA criteria32. In another study, with a smaller sample (n=39) and where heart rate instead accelerometers was used to assess PA, it was found that 71% and 46% of the participants met the NASPE recommendations during the WKD and on WKED, respectively33. However, a recent study using accelerometers in 76 children showed that only 26% of children met NASPE recommendations and only 7% of children met MVPA recommendations34. Nonetheless, compare PA values based on PA recommendations in pre-school children it is not an easy task. Reasons for this discrepancy might lie on methodological issues, namely cut-points used and epoch length choice made, which can modify the final outcome. For instance, a study that used >3200cpm for defining MVPA participation showed that only 4% of the daily time was spent in MVPA 22, while in that case if we used the values we applied in our data (>1680cpm) we will found a daily MVPA participation of 12%. Further, in older children it was shown that the epoch length might affect the level of MVPA found 35. 
On the other hand it should be noted that some interpretations must be carefully checked. As a matter fact it was suggested that sedentary behaviour is an individual variable that affects health 36. Therefore, despite our findings showed that children engaged 83% of their daily time in SB during WKD, the majority (70%) also met the daily PA recommendations and 90% achieved the MVPA recommendations during WKD. Further, the total compliance with TPA and MVPA in both WKD and WKED was 51.8%. Therefore, we can suggest that children spend most part of their daily time in sedentary behavior but, on the other hand, they also spent time enough in active behaviors that allow them to accomplish PA recommendations. Thus our data also pointed out that it is needed to pay attention to these two independent analyses for a correct interpretation of the results found at this age because these two behaviors, SB and PA, might not necessarily to counteract each other.
The strengths of this study are the focus on patterns of PA in preschoolers, and the fact that it addresses differences between TPA and MVPA during WKD and WKD looking at the compliance with PA recommendations using an objective PA measure. The 5 seconds epoch used in this study seems to capture larger amount of data in pre-schoolers 24 and it is more accurate to assess MVPA 35.
Some limitations of the study should also be recognized. The study included preschool children from one metropolitan area only, which make difficult to generalize these findings. Further, it is not possible to inferred causal relationships with such cross-sectional design. 

Conclusion
The results of this study suggest that despite 83% of the daily time has been spent in sedentary behaviors; the majority of the pre-school children met the daily PA and MVPA recommendations during WKD. It is needed to pay attention to these two independent analyses for a correct interpretation of the results found at this age because these two behaviors, SB and PA, might not necessarily to counteract each other.
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