Preschool Children Physical Activity Measurement: Importance of Epoch Length Choice
Susana Vale, Rute Santos, Pedro Silva, Luísa Soares-Miranda, and Jorge Mota 

The purpose of this study was twofold: first to document the gender differences in Moderate to Vigorous Physical Activity (MVPA) according to two epoch systems (5 vs. 60 s) in preschoolers, and, second to document the differences in physical activity (PA) patterns according to two different epoch choices. The sample comprised 59 preschoolers (31 girls) aged 2–5 years old. PA was assessed by accelerometer during school hours. The time spent in MVPA was significantly higher (p < .001) when a 5-s epoch was considered compared to the 60-s epoch, regardless gender. Further, it was found a difference of 17 min difference between the 2 epoch systems for MVPA. Different epoch times might affect the time spent in MVPA among preschool children.

Physical inactivity is associated with increased risk of several chronic dis- eases (7). In adults, it was observed that each 1-MET increase in exercise capacity conferred a 12% improvement in survival (13). It has been suggested that inactivity during youth is linked to several health-related risks in adulthood (4,6). Furthermore, it is widely believed that reduced physical activity (PA) and/or the increase sedentary behavior are implicated in the etiology of childhood obesity (20,28).
However, as researchers begin to explore the PA dose-response relationship with health parameters, it is increasingly important to provide a more precise estimate of both quantity and quality of PA (24). For instance, Trost et al. (29) highlighted two main goals that justify why precise measures of habitual PA are necessary (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.
Nevertheless, the assessment of PA in childhood and adolescence is a complex task, hampered by methodological difficulties in which quality measures play a critical role (2,5). This is even more difficult in young children. Indeed, either Reilly et al. (21) or Kelly et al. (10,11) found that preschoolers are characterized by low levels of PA and high levels of sedentary behavior. Hence, the measurement of PA since early ages is a key factor in lifestyle evaluation and a tool for its control. Previous studies of PA in young children have been limited by the lack of acceptable PA measures. It is well known that young children are unable to self-report their PA accurately (14,26), and surrogate reports by parents and other adults have limited validity (24).
Although objective measures, like accelerometers, with real time data storage capabilities offer a distinct advantage over self-report methods and provide reliable information on PA patterns within a given or over several days (29), two methodological difficulties on estimates prevalence are still inconclusive. First, several age-specific activity thresholds have been suggested for youth with different proposed accelerometer cut points (5,19,27). Secondly, differences on PA intensity estimates according to epoch choices was described in youth (16). How- ever, in young children (preschoolers) these two points have been differently addressed. In fact, while specific cut-off points for accelerometer data have been designed and purposed for young children aged 3 to 5 years old (18,23,27). At best of our knowledge, only one study have attempted to compare the estimates of PA prevalence rates according to two different epoch choices (15s-30s-60s) in preschool children (22) but none used such as lower epoch as 5 s.
Thus, the purpose of this study was twofold: first to document the gender differences in Moderate to Vigorous Physical Activity (MVPA) according to two epoch systems (5 vs. 60 s) in preschoolers, and, second to document the differences in physical activity (PA) patterns according to two different epoch choices.

Methods 
Participants and Setting
The participants were 59 healthy Portuguese preschool children (28 boys and 31 girls) aged 2–5 years old ( X = 4.3 ±1.1 yrs-old). Mean body height was 101.03 ± 9.79 cm and mean body mass was 17.5 ± 3.3 kg. These values were within the normal ranges for children of this age (1,3,11).
Informed written consent was obtained from the children’s parents and school principal. Study procedures were approved by the Portuguese Ministry for Science and Technology and by the Ethics Committee of Physical Activity and Health PhD program.
Anthropometry Measurement
Body height and body mass were determined by standard anthropometric methods. Body height was measured to the nearest millimeter in bare or stocking feet with the child standing upright against a Holtain portable stadiometer. Body mass was measured to the nearest 0.1 Kg, using a portable digital beam scale (Tanita Inner Scan BC 532), with the participants in T-shirt and shorts. The average of two measurements was used for both body height and body mass.
Physical Activity Assessment
Daily PA was measured using the MTI/CSA WAM-7164 accelerometers (MTI. Fort Walton Beach. Florida. 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 physical activity (9). Alternatively, accelerometer output can be interpreted using age 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 (15,25). Data were analyzed using specific pediatric cut-points, which have been validated for young children (27). The age-specific CPM cut-offs for 3, 4, and 5 years old children with regard the different activity intensities (in CPM) were respectively: Sedentary—≤1204. ≤1452. ≤1592; Light PA—>1205. >1453. >1593; MVPA—≥2457. ≥3245. ≥3561. These cut-points were used and recommended by Sirard et al. (1,27) and Alhassan et al. (1). A specific regression analyses was used to identify cut of points counts for 2 years old: Sedentary—≤1028; Light PA—>1029; MVPA—≥1984 according to recommended specific cut-points (1,27).
For the purpose of this study the epoch duration or sampling period was set at 5 s (5-s) and 60 s (60-s) to detect differences in the intensity rates of the spontaneous activities of the children. To achieve our goal, the monitor was set to 5-s epochs and then the data were reintegrated to 60-s epoch, which was described previously (22).
Protocol
The study was conducted on 5 consecutive school days (Monday to Friday) in February of 2008, during school hours, for a minimum of 6 hr per day. Because once a week each child was engaged in a swimming session, that day was excluded from the analysis because the total monitoring time was less than 6 hr. Therefore, for the purpose of this study only 4 school days were considered. Teachers were instructed to place the accelerometer on the respective child at the arrival at school and remove it before they go home. The accelerometer was firmly adjusted at the child’s right hip by an elastic waist belt under clothing (own cloth and school coat). Before test period and for every child, the activity monitors were tested. A data sheet was given to the children’s teachers, who were instructed to record the time when the monitor was attached in the morning and detached in the evening. They were also instructed to note every time children performed any activity like swimming, gymnastics, walking, gardening and simply going to the recess. Activities were not prescribed or directed by the teachers and researchers. Children participated in normal activities with their classmates.
Statistical Analysis
All data were checked for normality before statistical analysis. Descriptive statistics were used to characterize and describe the sample. The 5-s epoch and the 60-s epoch were used to determine the number of minutes in the different PA intensities (Moderate PA, Vigorous PA, and MVPA). Prior analysis using independent and paired T-test was done to assess differences between gender for PA intensities and anthropometric characteristics and within each gender differences in PA intensities, according to 5 and 60 s epochs. As no statistical significant differences were found, no further gender analysis was performed. Paired T-test analyzed differences in PA intensities according to 5 and 60 s epochs. Analysis was carried-out with SPSS 15.0 for windows. The level of significance was set at p < .05. 

Results
Children’s descriptive characteristics and MTI raw data were summarized by all group and gender in Table 1.
	
	
	
All (n=59)
	
Girls (n=31)

	Boys (n=28)

	Age (years)
	4.26±1.15
	4.35 ± 1.08
	4.16 ± 1.23
	NS (0.543)

	Body mass (kg)
	17.50±3.26
	17.39 ± 3.04
	17.62 ± 3.55
	NS (0.791)

	Height (cm)
	101.03±9.79
	100.92 ± 9.20
	101.16 ± 10.58
	NS (0.926)

	BMI (kg/m2)
	17.06±1.27
	17.03 ± 1.42
	17.08 ± 1.11
	NS (0.879)

	5 seconds epoch
(min.)
	Time in Moderate Activities
	18.42±7.03
	17.49 ± 6.43
	19.44 ± 7.64
	NS (0.292)

	
	Time in Vigorous Activities
	8.05±3.80
	7.91 ± 3.67
	8.19 ± 3.99
	NS (0.782)

	
	MVPA
	26.46±9.64
	25.41 ± 9.08
	27.63 ± 10.26
	NS (0.380)

	60 seconds epoch
(min.)
	Time in Moderate Activities
	9.49±8.00
	8.27 ± 6.94
	10.85 ± 8.98
	NS (0.220)

	
	Time in Vigorous Activities
	0.56±0.71
	0.52 ± 0.62
	0.60 ± 0.80
	NS (0.673)

	
	MVPA
	10.05±8.43
	8.79 ± 7.31
	11.45 ± 9.45
	NS (0.230)

	BMI= body mass index. MVPA = moderate-vigorous physical activity. NS=not significant. 
All data expressed as mean±SD



Table 1 - Descriptive characteristics of the sample. 

[bookmark: _GoBack]Figure 1 shows the differences in time spent (min.) in moderate, vigorous and MVPA during school hours period according to the two epoch lengths. As expected, the time spent in all PA intensities were significantly higher (p < .001) when a 5-s epoch was considered compared with a 60-s epoch. Given the fact that PA guidelines stressed the engagement in 60 min MVPA daily, it is worthy to notice the ~17 min difference in MVPA between the 2 epochs systems.
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Figure 1 - Average time (min.) spent in different PA intensities according to the two epoch choices in all group. * p≤0.001

Discussion
The aim of this study was to analyze the magnitude of differences in PA intensities using two different epoch lengths in a sample of preschooler’s boys and girls. This is a timely issue because some studies pointed-out that even preschoolers are characterized by low PA levels and high levels of sedentary behavior (8,11,21). On the other hand, since children are likely to be engaged in activities that involves bending, jumping, running and throwing as part of their daily PA, measurement tools should be validated for use with such activities (17). Studies carried out with those activities found moderate and significant correlations and researchers concluded that accelerometers are an appropriate instrument for measuring children’s free-play PA (19).
The main finding of this study was that we found that children showed lower time spent in Moderate PA (9.33 min), Vigorous PA (7.49 min) and MVPA (16.41 min) when 60-s epoch was considered compared with the 5-s epoch. These findings are noteworthy because an estimate of PA prevalence is a public health concern. However, while different conclusions about prevalence estimates have been reached depending upon the cut-off criterion selected to distinguish MVPA (2,12), the importance of the epoch time on prevalence rates are less studied and to the best of our knowledge only one study have attempted to compare the estimates of PA prevalence rates according to different epoch choices in children age 5–6 years old (22).
Our data agree with findings in older children (16), (22) showing that a shorter epoch time is more susceptible to detected higher levels of vigorous physical activity than an higher epoch time (60-s) did. Nonetheless, our data give additional support to those findings because we also found that a shorter epoch time (5-s) showed statistically significantly higher time spent in moderate PA and MVPA. Given the fact that PA guidelines stressed the accomplishment of 60 min of MVPA daily, the difference between the two epoch lengths (~17 min.) corresponds about 28% of the total daily time allocated to guidelines achievement. Thus, the critical point is that different epoch times influences the prevalence of MVPA among preschool children. Therefore, the epoch choice seems to be an important issue when prevalence rates are addressed even in such as young ages as the kindergarten children. Indeed, to what extent children meet the recommended guidelines are a timely issue with public health interest, because there is a risk of misinterpretation depending on epoch times used. Furthermore, these results showed some evidences that 5-s epoch might be more effective to capture PA patterns in these young ages and also suggest that the 5-s epoch might be better adapted to the preschooler’s activity pattern.
Limitations to the current study should be recognized. The sample is small and it is believed that a larger group of participants is needed to clarify to what extent the differences are important for public health strategies. Further, studies should be designed to improve such estimations since the validity of activity monitors vary by setting (laboratory or field) and type of activity (30).

Conclusion
Our data showed that different epoch times might affect prevalence rates of the time spent in MVPA among preschool children. The findings suggested that using a shorter epoch might be better adapted to the preschool children PA patterns.
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