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Background 

The International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) is a 

multi-national cross-sectional study of lifestyle and environmental factors that may influence 

children’s obesity. Data, including objectively monitored physical activity using the ActiGraph 

GT3X+ accelerometer (ActiGraph LLC, Pensacola, FL, USA), were collected from over 500 

children (targeting a mean age of 10 years) in each of the following 12 countries: Australia, 

Brazil, Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, the United 

Kingdom, and the United States of America. The purpose of this manual of procedures is to 

provide a detailed description of the ISCOLE study’s accelerometer data collection methods, 

including the management and treatment of the data. Our intent is to provide a clear presentation 

and rationale for the protocol, decision rules, derived variables, and variable definitions to guide 

future use of these important objectively monitored data. It is anticipated that these detailed 

methods will promote the harmonization of accelerometer data collection, management, and 

treatment across studies, while provoking further research in this area. 

Data Collection  

Choice of instrument  
There are many commercially available research-grade accelerometers that have been 

used in clinical and population research. Recommendations guiding instrument selection in 

children’s research have previously been published [1], however, only a small number of 

accelerometers were presented for comparison purposes. Upon inception of the ISCOLE 

planning process, we conducted a systematic evaluation of each instrument’s unique features, 

advantages, and disadvantages. Based on our own collective experiences and in consultation with 

established accelerometer experts, we considered six potential accelerometers and multi-sensor 
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devices for use in ISCOLE: 1) the GT3X (ActiGraph, LLC, Pensacola, Florida, USA), 2) the 

GT3X+ (ActiGraph, LLC, Pensacola, Florida, USA), 3) the ActivPAL (Pal Tech Ltd., Glasgow, 

United Kingdom), 4) the Actical (Philips Respironics, Mini Mitter Company Inc., Oregon, 

USA), 5) the Actiheart (CamNtech Ltd., Cambridge, UK) and 6) the SenseWear Armband 

(Bodymedia, Pittsburg, Pennsylvania, USA).  

The factors that were considered included memory capacity, data collection time interval 

options (epoch length), validity and reliability evidence in children, price, technical support, and 

safety (among others). Expert consultations reinforced the importance of collecting raw 

acceleration data to assure maximum utility well into the future with the potential additional 

utility for pattern recognition. This requirement alone eliminated most of the devices considered. 

The final two devices remaining in consideration for use in ISCOLE were the ActiGraph GT3X+ 

and the ActivPAL. We chose the Actigraph GT3X+ for the following reasons: 1) data could be 

distilled to infer time in moderate-to-vigorous intensity physical activity using evidence-based 

cut points (a similar process did not exist for the ActivPAL at the time); 2) there was 

comparatively more published literature about previous generations of ActiGraph devices, 

especially with regard to reliability and validity of physical activity measurement in children [2, 

3] (we could not locate anything about the ActivPAL and children prior to 2010); 3) our pilot 

(unpublished) data suggested that participants may experience difficulties keeping the ActivPAL 

fixed to their thigh for multiple 24-hour days whereas this was not the case with the waist-worn 

ActiGraph; and 4) a minimum of 840 units were needed (70 for each country) in a short time 

frame, and ActiGraph LLC was able to assure prompt delivery of this purchased quota.   
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Protocol 

Instrument initialization 
Accelerometers were fully charged prior to initialization. Initialization is the process by 

which accelerometers are prepared for data collection, including setting data collection start and 

stop dates and times, selecting optional instrument features (e.g., data sampling rates), and 

deselecting default settings that may not be desired. 

Version 5.6 (or higher, as new releases were provided) of the ActiLife software 

(ActiGraph LLC, Pensacola, Florida, USA) was used to initialize the devices. The GT3X+ 

accelerometer can collect raw acceleration data at sampling rates between 30 and 100 Hertz 

(Hz); however, at the time of purchase, the internal memory onboard the GT3X+ (256 mb) 

allowed for a maximum sampling rate of 80 Hz in order to collect data for at least 7 days. Due to 

this original constraint, an 80 Hz sampling rate was selected for all countries involved in 

ISCOLE. Midway through the ISCOLE data collection (June 2012), ActiGraph LLC added a 

new feature in Version 6.2.1 called the “idle sleep mode.” This feature was intended to save 

battery life when no movement was detected. Once activated, the idle sleep mode prevented full 

recording of the raw data signal. Because of this, and as we were interested in capturing 24-hour 

data (see below), the ISCOLE protocol called for this newly added default feature to be disabled 

during initialization. The accelerometers were set to begin data collection at midnight 

immediately following the first day that the children received the devices. The first day of 

accelerometer distribution was not considered a full day of wear, so data collection during this 

time was not necessary. Nevertheless, the children were instructed to wear the device from time 

of distribution and they were not aware of the initialization start time. A stop time was not 

selected. 
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Instrument wear regimen 

Historically, calibration of the ActiGraph accelerometer was based on devices worn at the 

hip location among adults [4]. Subsequent calibration studies in children aimed at estimating 

time in different intensities of activity (sedentary, light, moderate, and vigorous intensities) from 

activity counts were also conducted with the accelerometer worn at the hip [5-9]. Despite recent 

interest in using wrist worn accelerometers to measure physical activity and sedentary behavior, 

no published studies among children have validated the ActiGraph accelerometer for estimating 

time in different intensities of activity when worn at the wrist. Hence, we chose to remain 

consistent with methodologies from pediatric calibration studies [5-9] by instructing children to 

wear the ActiGraph at the hip location. Specifically, the accelerometer was attached to the 

participant using an elastic belt worn around the waist with an adjustable clip. The accelerometer 

unit itself was placed in line with the mid-axillary line and lying on the iliac crest (i.e., hip 

location) on the right side of the body. 

Participants were asked to wear the device for 24 hours/day for 7 consecutive full days 

(not including the initial familiarization period of the first day and the morning of the final day 

before accelerometer retrieval), including 2 weekend days. Participants were instructed to 

remove the accelerometer for water-based activities (i.e., showering, swimming). The 24-hour 

protocol was selected in an attempt to increase wear time compliance [10, 11] and also to obtain 

information about children’s total sleep episode time (TSET) separate and distinct from physical 

activity and sedentary behaviors detected during waking hours [12].  

Accelerometer wear instruction 

Accelerometers were distributed in a school classroom setting. A standardized set of 

instructions was read aloud to the assembled class of participants, and individually again as 
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required. Additionally a hard-copy paper version of the instructions, a picture demonstrating 

correct attachment, and contact information for queries was given to each participant to take 

home. All documents/forms were translated and back-translated, as necessary, into each study 

site’s local language following approved procedures of the local institutions.  The children were 

individually fitted with the accelerometer and asked to remove and re-attach the belt, 

demonstrating appropriate placement and orientation of the accelerometer. The children were 

able to ask questions during these instructions. 

Compliance enhancing strategies 

Several behavioral strategies were implemented in an attempt to maximize compliance to 

the wear regimen. Strategies included any combination of the following: up to two phone calls to 

parents (one during the weekday and one during the weekend); daily visits to schools by local 

study staff to inspect whether the accelerometer was being worn correctly; inspection/reporting 

by the school teacher; and if allowed by local Institutional Review Board (IRB)/ Ethics 

Committee rules and regulations, distribution of small daily incentives (e.g., erasers, stickers) for 

correctly wearing the accelerometer. Local sites also had the option (again, with local IRB/Ethics 

Committee approval) to ask children to wear the device a second week if they did not accumulate 

sufficient wear time the first week to provide valid data (see below for a definition), or if the 

accelerometer had malfunctioned in some way. 

Data download 

ActiLife version 5.6 (or higher) software was used to download recorded data 

immediately upon retrieval of each accelerometer. The downloading process produced an .AGD 

file with the following settings: 1 second epoch, 3 axes of orientation, steps, lux (ambient light), 

inclinometer, and low frequency extension (LFE) filter. The 1 second epoch was selected to offer 
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the greatest flexibility in terms of later reintegration into longer epochs. The ActiGraph GT3X+’s 

acceleration signal was processed using the LFE filter to best approximate activity count outputs 

from a previous generation of ActiGraph (model 7164)[13] used in pediatric calibration studies 

identifying cut points for physical activity and sedentary behavior [5, 9]. This decision was also 

made to facilitate comparisons with data obtained from the National Health and Nutrition 

Examination Survey (NHANES 2003-2006) [14]. However, step count data were later 

reprocessed using the default filter because the LFE filter is known to produce a large over-

estimation of step counts [13, 15]. The file name created during the process included the 

participant ID, a country ID, part of the individual accelerometer’s serial number, and code 

indicating whether it was the first time or second time that the child wore the accelerometer.  

Immediate determination of valid data  

Immediately following data download, the ActiLife software was used to determine 

whether valid data were obtained during the period of wear. Specifically, local study staff 

checked whether participants had at least 4 days of data, including 1 weekend day with greater 

than 10 hours/day of wear time using the ActiLife software’s identified “old daily algorithm.” As 

already alluded to, local sites had the option to ask participants to wear an accelerometer for a 

second week if there were insufficient data collected, and if there was prior local IRB approval 

of this option.  The decision to collect additional weeks of monitoring was made on a local and 

case-by-case basis.  

Participant checklist (PACK) 

Local sites were required to complete a PArticipant ChecKlist (PACK) for every 

participant to track their progress through all aspects of the ISCOLE study, including 

accelerometry data collection. Specifically, the PACK included prompts to record accelerometer 
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ID numbers along with distribution and retrieval dates. It also served as a record of compliance 

checks, the number of valid days identified during data download, and whether the child was 

asked to wear an accelerometer for a second week (identified as an “additional monitoring file.”)  

All data collected on paper forms of the PACK were electronically entered by local study staff 

into the ISCOLE study Coordinating Center’s secure website. 

Data transfer 

After data download was completed and data were deemed valid, a compressed (.ZIP) 1 

sec .AGD file was transferred via upload to the study Coordinating Center’s secure website 

where it could be linked to the associated electronically-entered PACK. Files were 

systematically matched with the correct participant ID codes. If a mismatch occurred, an 

automatic error message would appear and the uploading process was blocked until a correction 

was made.  An identifier with date and time was added to every file during the uploading 

process. Completion of this final step signified successful transfer of data from the local data 

collection site to the study Coordinating Center. However, as two additional back-up processes, 

each country sent their de-identified data to the Coordinating Center on an external hard-drive 

and also secured and retained the original raw data locally. 

Data Management 
Upon receipt of the accelerometer files, the ISCOLE staff at the coordinating center 

conducted a series of data checks before the data were treated and summarized. 

Visual quality control checks 
A trained data manager conducted thorough data queries to ensure that protocols were 

adhered to and that quality data were collected at each site. The uploaded files were 

decompressed and data checks were performed on the 1 second .AGD files. These initial queries 
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included verifying file names to determine compliance with the study protocol, confirming that 

file sizes were within acceptable ranges, and cross-referencing PACK items to confirm that all 

uploaded files were correctly identified as valid. Any discrepancies noted that could not be 

resolved through data management triggered communication with the local data collection site to 

resolve the problem, including re-uploading individual files as necessary.  

SAS dataset creation 
 Once the visual checks were completed, all files from each country were re-integrated 

into 60 second epochs for the creation of two SAS datasets to be utilized in further quality 

control checks. The .AGD files (individual SQLite databases) from each country were then read 

into a Microsoft SQL Server database to allow for efficient data storage. All accelerometry data 

for each country from the Microsoft SQL Server database were imported into SAS and two 

country-specific datasets were created. The first dataset, named “Header,” contained information 

downloaded directly from the device including the serial number of the device and a date/time 

stamp indicating when it was initialized and also when the data were downloaded. The second 

dataset included minute-by-minute data obtained from the accelerometer which included, among 

other variables, the activity counts for each axis and steps.  

Automated quality control checks 
 Using the Header file, SAS syntax was prepared to automatically compare data collection 

start time and the serial number of accelerometers linked to each participant to determine if files 

had been incorrectly named or if a second participant had worn the accelerometer without re-

initialization. The serial number of the Header was also compared to the serial number contained 

in the file name; if a mismatch was detected, the data collection site was contacted for 

clarification. In addition, the participants’ identification numbers from the PACK were then 
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compared to those in the accelerometry data to show if there were any accelerometer files that 

should have been uploaded but were apparently missing, or if there were accelerometer data for 

participants that were not indicated on the PACK.  A similar automated check was performed to 

ensure that any participant requiring additional monitoring had the proper data stored (additional 

monitoring was identified and the initial monitoring data file was not included). Discrepancies 

(i.e., missing expected .AGD files) were further investigated, including communicating with the 

local sites to resolve identified issues and/or ascertain missing data. 

Creation of final data sets 
 Once all the initial quality control checks were finalized and each participant had a 

unique and correctly identified file, three final SAS datasets were created. The main dataset 

contained data in 60 second epochs (derived using the LFE filter), the second dataset contained 

data in 15 second epochs (also derived using the LFE filter), and the final dataset contained data 

in 60 second epochs (derived using the default filter; created to extract the step counts). 

Data organization 
In order to facilitate further data cleaning and analyses, variables were created, renamed 

and systematically organized. The date/time stamp was separated into two variables and 

formatted with SAS-specific date and time formats. The four variables associated with the 

devices’ inclinometer measurements were formatted into a single variable with four possible 

responses (off, standing, sitting or lying). Vector magnitude was calculated as the square root of 

the sum of the squares of the three axes. The step count data were stripped from the dataset 

defined by the default filter and used to replace those calculated with the LFE filter. 
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Initialization errors 
Utilizing the main dataset (60 sec LFE filter), the first minute for each participant’s data 

was identified in order to verify that the protocol was followed and all devices were initialized at 

midnight the day after they were given to participants, as recorded on the PACK. We deleted all 

data recorded prior to midnight of the indicated day of accelerometer distribution in instances 

where the device was initialized at any time other than midnight. Because children were only 

seen during the school week, initialization times were generally expected to occur on Tuesday-

Saturday. If it was determined that an accelerometer was initialized on a Sunday or Monday, 

then the first day of data was visually inspected and compared to the PACK to conclude whether 

or not the device was being worn at the time of initialization; if not, the first day’s data were 

deleted. The PACK was then referenced to identify any instances in which the first date of data 

collected was not equal to the day after accelerometer distribution.  

Additional cleaning 
The last day of data collected for each participant was clarified in order to standardize the 

files and conduct additional cleaning procedures. We examined any instances in which the last 

date of data collected was not equal to the date of device return according to the PACK. We 

isolated cases where the difference in these dates was more than one day, and visually inspected 

any files indicating that the last day of data collected was within 7 days of the application date 

according to the PACK. Following this cleaning process, we deleted the last date of data for all 

participants to ensure that all days used in physical activity analyses contained 24 hours of data. 

We further visually inspected data from any participants with more than 14 days of data. Such 

cases could indicate that the files contained valid data for more than one participant in a given 

file (file naming or download/initialization error), late accelerometer return because the 
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participant forgot to wear the device or was not present on the distribution day, or simply 

protocol deviation due to the device not being stopped upon retrieval.  

Finalization 
Once all queries created in the data management process were properly resolved through 

at the study coordinating site or via communication with the local collection sites, each recorded 

minute for each participant was counted and labeled to facilitate analyses. Sequential 24-hour 

days were identified and labeled separately according to both midnight-to-midnight and noon-to-

noon definitions, enabling maximum utility for evaluating both daytime behaviors and TSET 

(see below) undisrupted by applying conventional calendar day 24-hour clocks. As per protocol 

and in order to ensure valid and comparable data were used in analyses, any data collected after 

day 7 were deleted. 

Data Treatment 
 Data treatment included the application of decision rules used to score the data and to 

derive and define variables. Sequentially, we first identified TSET, non-wear time, and 

wake/wearing time, before finally producing derived variables representing estimates of sleep-

related variables, physical activity, and sedentary behavior. The process is summarized below. 

Total Sleep Episode Time (TSET) 
Following management, integration, and cleaning of each participant’s data into a single 

minute-by-minute file, we first identified “sleep period time” as an initial step to score the data. 

We defined sleep period time according to Scholle et al.[16] as “time of sleep onset to the end of 

sleep, including all sleep epochs and wakefulness after onset.” Sleep period time for each 

participant was determined using a novel and fully-automated algorithm specifically developed 

for use in ISCOLE and other epidemiological studies employing a 24-hour waist-worn 
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accelerometer protocol in children [17]. Specifically, we have shown that this algorithm 

produced sleep period time estimates similar to those obtained with expert visual inspection of 

accelerometer data [17]. Further refinement of this algorithm made it possible for us to calculate 

TSET and exclude extended periods of wakefulness during previously determined sleep episode 

time [12].  

 

The ISCOLE researchers’ decision to apply a 24-hour accelerometer protocol creates a 

distinctive situation which affects the description of time spent sleeping and in different 

intensities of physical activity (when awake).  For example, sleep is most often expressed in 

terms of nocturnal sleep (i.e., sleep period time) which, in most cases, corresponds to behavior 

spanning two calendar days: beginning one day (e.g., 9:00 p.m.) and ending the next (e.g., 7:00 

a.m.). Therefore, we utilized a noon-to-noon time frame to determine TSET. Physical activity 

and sedentary behavior data, on the other hand, are usually expressed as daily averages or total 

time based on a calendar day (12:00 a.m. – 11:59 p.m.). When estimating physical activity and 

sedentary behavior with a waking-time protocol, in which participants wear the accelerometer 

only during awake periods, the amount of time spent in different intensities of physical activity 

and sedentary behavior is summed and the remaining time within a 24-hour day is classified as 

non-wear. While the 24-hour wear protocol used in ISCOLE does make it possible to classify 

residual minutes as sleep or non-wear, it is not entirely appropriate to simply classify them as 

TSET. In most cases, two disjointed sleep periods would have to be considered separately using 

a calendar day approach to data analysis – the sleep period running from midnight to morning 

wake time and the sleep period beginning in the evening and lasting until midnight. Data 

processing revealed that TSET, non-wear, and physical activity time should not be totaled to 
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describe a 24-hour day. We therefore created separate data sets for TSET and for physical 

activity-related variables before combining these derived variables into a final locked data set. 

In order to accommodate the issues of sleep outside of a calendar day, each minute was 

given a probability of sleep as determined by Sadeh’s algorithm [18], and a binary indicator 

variable was assigned to identify each minute as sleep (1) or wake (0). Minutes previously 

defined as wake by the Sadeh algorithm but determined to be in the “off” position by the 

accelerometer’s inclinometer were re-defined as sleep. We then used a separate algorithm 

adapted from SAS code developed by the National Cancer Institute 

(http://riskfactor.cancer.gov/tools/nhanes_pam/create.html) to determine sleep period time and 

TSET for each noon-to-noon (12:00 a.m. to 11:59 p.m.) day. The beginning of a sleep episode 

(nocturnal sleep onset) was identified as the first 5 consecutive minutes of sleep, and the end of a 

sleep episode (nocturnal sleep offset) was identified as the first 10 or 20 consecutive minutes of 

wake time, depending on the time of day (10 minutes – 5:00 a.m. to 11:58 a.m.; 20 minutes – 

7:00 p.m. to 4:59 a.m.). A sleep episode was only identified when at least 160 minutes had 

elapsed following nocturnal sleep onset and could contain an unlimited number of non-

consecutive wake minutes. Multiple sleep episodes (≥ 160 minutes) were allowed during each 

24-hour noon-to-noon day, but only sleep episodes that began between 7:00 p.m. and 5:59 a.m. 

were considered. If sleep episodes were separated by less than 20 minutes, then they were 

combined so that the first minute of the first sleep episode through to the final minute of the last 

sleep episode constituted a single sleep episode. Sleep episodes that were separated by at least 20 

minutes were not combined. The decision to consider the 20 minute separation was based on 

close examination of the data which revealed that computation of rolling averages (across 

minutes) meant that 2-3 minutes of low to moderate activity (265-400 activity counts/minute) in 
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a 10 minute period (with all other epochs having 0 activity counts/minute) could lead to 8-15 

minute periods being classified as waking time. Twenty minutes was also found to be at the 

lower end of alternative time frames considered that resulted in most participants having only 

one sleep episode. 

A second algorithm was then used to identify periods of non-wear within a previously 

defined sleep episode. Exploratory analysis revealed that commonly used non-wear algorithms 

relying on shorter time durations of consecutive minutes registering 0 activity counts (e.g., ≥ 20 

or ≥ 60 minutes) were overly sensitive and classified non-wear time in nearly every sleep 

episode. Non-wear identification within the sleep episode was improved by lengthening the 

minimum time duration of consecutive 0 activity counts needed to define a non-wear period 

(e.g., ≥ 90 minutes). Therefore, we identified non-wear within the sleep episode. Non-wear was 

identified when 90 consecutive minutes of 0 activity counts were encountered while allowing for 

up to 2 minutes of non-zero activity counts. The non-wear period ended when a third minute of 

non-zero activity counts was reached. If at least 90% of a sleep episode consisted of non-wear, 

then all minutes within that sleep episode were redefined as non-wear instead of sleep. TSET in 

minutes/day was calculated as the aggregate time between the start and end of each sleep 

episode. 

Non-wear time 
A separate non-wear algorithm was run on all remaining minutes not identified as part of 

the TSET in previous data processing. Non-wear periods were defined as any sequence of at least 

20 consecutive minutes of 0 activity counts [19]. Each non-wear period ended with any minute 

of non-zero activity counts. Minutes between the start and end of each non-wear period were 

labeled as non-wear, and total non-wear (minutes/day) was calculated as the aggregate time spent 
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in all non-wear periods within a midnight-to-midnight day (12:00 a.m. to 11:59 p.m.), including 

non-wear detected during the TSET. 

Wake/wear time 
Remaining epochs in the minute-by-minute accelerometry data file not identified as part 

of the TSET or non-wear were labeled as wake/wearing time. Minutes with implausibly high 

activity count values (≥ 20,000 activity counts/minute) were examined to determine if they 

occurred during the TSET or during waking hours, and redefined as a minute of TSET or non-

wear accordingly [20]. We considered imputing these data points by averaging surrounding 

values. However, upon closer inspection it was apparent that these adjacent minutes were also 

oddly high, just not above the designated threshold, and we decided it was prudent not to do this 

as it would result in minutes likely being misclassified as MVPA. 

Derived variables 
Following the identification of the TSET, non-wear, and wake/wearing time, activity 

count and step values for each epoch were scored and used to derive a number of variables, 

catalogued in Table 1. The TSET and non-wear identifier variables were merged with the 15 

second epoch file by participant identifier, date, and time in order to facilitate the identification 

and summary of the physical activity and sedentary behavior variables.  

Weekly averages for all TSET-related variables were calculated using only noon-to-noon 

days where valid TSET was accumulated (TSET > 0) and only for participants with at least 3 

nights of valid TSET, including one weekend night. Separate TSET-related averages were also 

computed for the following categories: 1) school night bedtime and school day wake time 

(Monday night-Thursday morning), 2) school night bedtime and weekend wake time (Friday 
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night-Saturday morning), 3) weekend bedtime and weekend wake time (Saturday night-Sunday 

morning), and 4) weekend bedtime and school day wake time (Sunday night-Monday morning).  

Weekly averages for each activity count and step-based variable (excluding TSET 

variables) were calculated using only minutes for which the participant was awake and wearing 

the device on valid midnight-to-midnight days (at least 10 hours of wake/wear time in a 24-hour 

period)[14] and only for participants with at least 4 valid days (including one weekend day). One 

weekend day was required because of the known differences in activity levels between weekdays 

and weekend days in children [21-23] and because it has been catalogued as a frequently used 

analytical choice applied previously to NHANES children’s and adolescents’ accelerometer data 

[24]. Physical activity and sedentary behavior variables were derived using activity count cut 

points suggested by Treuth et al. [9] to allow comparison of results with the largest multi-

national pediatric physical activity study [25]. Moreover, we also quantified physical activity and 

sedentary behavior using the Evenson et al. [5] activity count cut points as these have been 

shown to maximize activity intensity classification accuracy when compared to other pediatric 

activity count cut points [26]. Although recent interest has developed in using multiple features 

extracted from the accelerometer’s raw signal to classify activity type and estimate energy 

expenditure [27], no consensus or best practices for using such methodologies with pediatric 

populations exist at this time. In addition to the weekly summary, all physical activity and 

sedentary behavior estimates were averaged separately for weekdays and weekend days, using 

only waking time and wearing minutes from valid days for participants with at least 4 valid days 

(including one weekend day). 
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Table 1. Accelerometer-derived TSET-, physical activity-, and sedentary 
behavior-related variables and cut point definitions used in ISCOLE. 
Variable       Definitions  References 

Sleep-related variables 

Sleep period time Duration of time from nocturnal sleep onset to 

nocturnal sleep offset, including all minutes scored 

as sleep or wake  

 

Based on previously 

published variable 

definition [17] 

Nocturnal sleep 

onset 

The beginning of a sleep episode (nocturnal sleep 

onset) was identified as the first 5 consecutive 

minutes of sleep (12:00 p.m. to 11:59 a.m.) 

[12] 

Nocturnal sleep 

offset 

The end of a sleep episode (nocturnal sleep offset) 

was identified within a noon-to-noon day (12:00 

p.m. to 11:59 a.m.) as the first 10 or 20 consecutive 

minutes of wake time, depending on the time of day 

(10 minutes – 5:00 a.m. to 11:58 a.m.; 20 minutes – 

7:00 p.m. to 4:59 a.m.).  

[12] 

Sleep episode A sleep episode was only identified when at least 

160 minutes had elapsed following nocturnal sleep 

onset and could contain an unlimited number of non-

consecutive wake minutes. Multiple sleep episodes 

(≥ 160 minutes) were allowed during each 24-hour 

[12] 
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noon-to-noon day, but only sleep episodes that began 

between 7:00 p.m. and 5:59 a.m. were considered. If 

sleep episodes were separated by less than 20 

minutes, then they were combined so that the first 

minute of the first sleep episode through to the final 

minute of the last sleep episode constituted a single 

sleep episode. Sleep episodes that were separated by 

at least 20 minutes were not combined. 

Total sleep episode 

time 

Total minutes from all sleep episodes occurring 

during the sleep period time 

[12] 

Activity count metrics 

Activity counts/day Sum of daily activity counts [28] 

Activity counts/min Sum of daily activity counts/number of min worn [28] 

Time at different activity intensities – Treuth cutpoints (min/day) 

Sedentary < 100 activity counts/min  [9] 

Light intensity 100-2999 activity counts/min  

Moderate intensity 3000-5200 activity counts/min  

Vigorous intensity ≥ 5201 activity counts/min  

Moderate-to-

vigorous intensity 

≥ 3000 activity counts/min  

Time at different activity intensities – Evenson cutpoints (min/day) 

Sedentary < 26 activity counts/15 sec  [5] 

Light intensity 26-573 activity counts/15 sec  
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Moderate intensity 574-1002 activity counts/15 sec  

Vigorous intensity ≥ 1003 activity counts/15 sec  

Moderate-to-

vigorous intensity 

≥ 574 activity counts/15 sec  

Step count metrics 

Steps/day Sum of daily steps [28] 

Steps/min Sum of daily steps/number of min worn [29] 

Time and steps in incremental cadence bands (min/day and steps/day) 

Non-movement 0 steps/minute during valid wear time [30] 

Incidental 

movement 

1-19 steps/min 

Sporadic movement 20-39 steps/min 

Purposeful steps 40-59 steps/min 

Slow walking 60-79 steps/min 

Medium walking 80-99 steps/min 

Brisk walking 100-119 steps/min 

Faster locomotion 120 steps/min 

Any movement* > 0 steps/min 

Non-incidental 

movement* 

> 19 steps/min 

Peak cadence indicators (steps/min) 

Peak 1-min cadence Steps/min recorded for the single highest min in a 

day 

[31] 
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Peak 30-min 

cadence 

Average steps/min recorded for the 30 highest, but 

not necessarily consecutive, min in a day 

Peak 60-min 

cadence 

Average steps/min recorded for the 60 highest, but 

not necessarily consecutive, min in a day 
[32] 

Breaks in sedentary time (transitions/day) 

Transitions/day Total occurrences of when activity counts rose from 

< 100 activity counts in 1 min to ≥ 100 activity 

counts in the subsequent min 

[33] 
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