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ABSTRACT
 

Physical activity plays an important role during early childhood and has favourable 
associations with numerous health outcomes. It is thought that lifestyle and physical 
activity behaviours may develop within the first five years of life, making the early years 
an optimal time for targeted intervention and observation. Accelerometers are valid and 
reliable devices that allow researchers to quantify large amounts of free-living data in 
young child populations. However, use of these devices are accompanied by many 
methodological decisions which can create inconsistencies and limit comparability 
within the literature. The focus of this thesis was to extensively review current methods 
being used to analyse accelerometer data from young children, examine how certain 
methodologies affect interpretation of accelerometer outputs, and observe subsequent 
cross-sectional and longitudinal associations between physical activity and health. An 
extensive review revealed that hundreds of published studies use accelerometers with a 
wide variety of data collection and analysis methods to track movement in young 
children. Applying different thresholds or cutpoints to quantify movement behaviours 
into specific intensities of movement demonstrated that choice of cutpoint significantly 
impacts amounts of time spent in each intensity as well as the number of children 
categorized as meeting physical activity guidelines. A cross-sectional analysis showed 
that preschool-aged children who met physical activity guidelines did not have greater 
levels of individual motor abilities compared to children not meeting guidelines, however 
sports club membership may influence motor ability development. In a longitudinal 
analysis, children who met physical activity guidelines during early childhood were more 
likely to meet guidelines during later childhood/adolescence. Additionally, performance 
on certain physical fitness tests at baseline also predicted greater amounts of time in 
physical activity and meeting physical activity guidelines at follow-up. Interestingly, 
meeting physical activity guidelines showed no associations with cognitive function, and 
some physical fitness tests showed statistically significant associations, but models did 
not show a substantial goodness of fit. In summary, future work should continue to 
investigate associations between meeting physical activity guidelines and health 
outcomes in young children. Given the importance of this work, we strongly encourage 
researchers to adapt and apply our recommended, standardized accelerometry 
reporting practice. 
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Chapter 1. Introduction and Brief Review of Literature 

1.1 General Introduction 

Physical activity (PA) during early childhood (ages 0 – 4 years) has been 

associated with an abundance of favorable health outcomes including good bone and 

skeletal heath, improved cardio metabolic health indicators, motor competence and 

psychosocial health, decreased adiposity (Timmons et al., 2012) and cognitive function 

(Carson et al., 2016). Higher intensity PA such as moderate-to-vigorous PA (MVPA) as 

well as total PA (TPA) have consistently shown favourable associations with health 

outcomes (Carson et al., 2017). Additionally, previous research suggests that PA 

behaviours can track over time (Jones et al., 2013; Potter et al., 2018) indicating that 

early childhood is an important window for the development of PA behaviours and an 

ideal time for targeted lifestyle/health intervention (Collings et al., 2013). Thus, valid, 

and reliable estimates of free-living movement patterns are needed to test the 

effectiveness of interventions and examine PA levels in young children.  

Numerous methods exist for assessing physical activity and sedentary behaviour 

levels in children, however obtaining accurate measures of movement behaviours in 

child populations has proven to be challenging for researchers due to the atypical and 

sporadic nature of movement patterns in pediatric populations (Bailey et al., 1995). Gold 

standard techniques for PA assessment such as doubly labeled water and indirect 

calorimetry are generally not suitable or practical options for pediatric populations due to 

the their invasive nature, the required expertise and high costs associated with these 

methods (Sirard & Pate, 2001; Stookey et al., 2011). Several direct observation systems 

(e.g., Children’s activity rating scale (CARS), Activity patterns and energy expenditure 

(APEE)) are available that allow researchers to obtain information on the type, intensity, 

context (environmental and social) and location of activity (Pate et al., 2010; Sirard & 

Pate, 2001). However, use of these systems requires training and time, placing an 

extensive burden on researchers. Additionally, children may alter their behaviour in the 

presence of the observer which, in turn, may influence physical activity and sedentary 

behaviours (Pate et al., 2010).  Heart rate (HR) monitors can also be used to measure 

activity, though they assume a linear relationship between HR and increasing activity 
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intensity (Pate et al., 2010; Sirard & Pate, 2001). Since HR can be influenced by factors 

such as age, fitness level, and physiological and environmental stressors, the 

relationship between HR and physical activity is often nonlinear (Pate et al., 2010), 

suggesting that HR monitors should be used in conjunction with other methods to obtain 

accurate measures of activity levels in children. Methods such as self and proxy-

reported questionnaires rely on accurate responses from responders (Sirard & Pate, 

2001). Although these methods allow researchers to efficiently obtain large amounts of 

data at a low cost, the inherent subjectivity of questionnaires is associated with 

numerous biases including recall errors, inaccurate responses, and society pressure 

(Pate et al., 2010; Sallis & Saelens, 2007; Sirard & Pate, 2001). Therefore, these 

techniques should be interpreted with caution (Sirard & Pate, 2001). Other 

measurement techniques, such as accelerometry, inertial measurement units and 

gyroscopes, may present an acceptable compromise between the accuracy of gold 

standard objective methods (doubly labelled water, indirect calorimetry, direct 

observation) and the low cost and reduced participant and researcher burdens affiliated 

with more subjective measures (proxy reported questionnaires). 

1.2 Accelerometers 

Advances in wearable technology have resulted in numerous devices available to 

researchers that can effectively quantify sizeable amounts of free-living movement data 

without largely inconveniencing participants. Although these devices are limited in their 

ability to measure non-weight bearing activities (i.e. cycling), and cannot provide 

information on the context of activities (e.g. walking on flat or incline surface), 

accelerometers can capture information on the duration, intensity and patterns of 

movement over several days (Pate et al., 2010). Accelerometers have been shown to 

produce valid and reliable estimates of movement in young children (Costa et al., 2014; 

De Vries et al., 2009; Pate et al., 2006) during their activities of daily living, thus allowing 

researchers to capture accurate movement data over long periods of time. 

Accelerometers measure accelerations of the body segment to which they are attached 

and depending on the model, can capture movement in one plane (uniaxial) or three 

planes (triaxial) of movement. Some models output data in the form of raw acceleration 
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signals while others involve various on-board pre-processing steps such as filtering or 

down sampling and ultimately output data in the form of “activity counts”. Numerous 

studies have calibrated and validated certain thresholds or cutpoints against criterion 

measures such as energy expenditure or direct observations to quantify accelerometer 

counts into estimates of time spent in sedentary behaviour (SED), light PA (LPA) and 

MVPA for specific age ranges within young children (Butte et al., 2014; Evenson et al., 

2008; Pate et al., 2006; Trost et al., 2012). The choice of which cutpoint to use is one of 

many decisions researchers must reconcile when collecting and analysing 

accelerometer data from young children. A priori decisions such as device make and 

model, device location, sample frequency must be made before data collection and 

cannot be altered, while posteriori decisions such as epoch length, cutpoint and 

inclusion criterion are made during processing and can be modified for subsequent 

analyses. Additional considerations are necessary when using accelerometers in 

pediatric populations as compliance may rely on cooperation of parents/teachers to 

ensure that devices are worn correctly and may result in fewer days with valid data. 

Chapter 2 will discuss these methodological decisions in detail and will highlight the 

inconsistencies in methodologies used to measure movement patterns in children. The 

plethora of methodological choices in this area of research has resulted in major 

methodological inconsistencies, severely hindering comparability across studies (Cain 

et al., 2013b; Cliff et al., 2009; Migueles et al., 2017). Additionally, the lack of consensus 

may indicate that the amounts and intensities of movements reported in published 

research may inadequately represent real-life movements (under or over-estimated). 

This has important health implications for researchers and clinicians aiming to i) 

investigate associations between PA and health, ii) conduct research designed to test 

the effectiveness of interventions, or iii) examine the number of children who meet 

current guidelines for PA. 

 

1.3 Physical Activity Guidelines 

Increased interest in the associations between PA guidelines and health outcomes 

has resulted following the recent release of new 24-hour movement guidelines for 

children by several organizations (Tremblay et al., 2016; Tremblay et al., 2017; World 
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Health Organization, 2010b, 2019) outlined in Figure 1.1A. Specific guidelines have 

been developed for children aged 1 - 2 years, 3 - 4 years (Tremblay et al., 2017) and 5 

– 17 years (Tremblay et al., 2016) which include recommendations for how much 

sedentary behaviour, light PA (LPA) and moderate-to-vigorous PA (MVPA) children 

should acquire to maximize health benefits based on multiple systematic reviews 

(Carson et al., 2017; Chaput et al., 2017b; Kuzik et al., 2017; Poitras et al., 2017). 

These guidelines recommend that both toddlers (1-2 years) and preschoolers (3-4 

years) acquire a minimum of 180 minutes of PA at any intensity per day, and that 

preschoolers spend at least 60 of those minutes in moderate-to-vigorous physical 

activity (MVPA) (Tremblay et al., 2017). PA guidelines for children and youth (5 -17 

years) recommend a minimum of 60 minutes of MVPA per day (Tremblay et al., 2016). 

Current research indicates that in Canada, that these PA guidelines are being met by 

most toddlers (19 months, 99.3%) (Lee et al., 2017), approximately 62% of 

preschoolers aged 3 - 4 years (Chaput et al., 2017a), and by only one third (36%) of 

children and youth (5 -17 years) (Roberts et al., 2017) as shown in Figure 1.1 B. 

Evidence suggests that childhood physical activity levels decrease with age (Dumith et 

al., 2011; Farooq et al., 2018; Inchley et al., 2020; Rullestad et al., 2021). Some studies 

suggest that PA levels begin to decline during adolescence (Corder et al., 2015; Dumith 

et al., 2011), while others suggest that PA is already declining by the time children enter 

school (Cooper et al., 2015; Farooq et al., 2018). Proposed mechanisms for this decline 

include reduced sports participation and increased engagement in nonsports activities 

(Rullestad et al., 2021). Interestingly, research has suggested that this decline may be 

larger in girls than boys (Corder et al., 2010; Dumith et al., 2011); which may be due to 

the advanced pubertal maturation of girls compared to boys (Farooq et al., 2018). 

Additionally, recent results from the health behaviours in school-aged children study of 

Canadian youth suggest that decreased comfort engaging in activities in front of others, 

reduced opportunities to participate in sports and a lack of friends and role models who 

engage in sports contribute to reduced PA levels in girls compared to boys (Craig et al., 

2020). Consequently, it has also been suggested that PA levels in girls are lower 

compared to boys at all ages, but the decline in PA levels from childhood to 
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adolescence is steeper in boys compared to girls (Corder et al., 2015; Inchley et al., 

2020). 

Investigation into the decline of PA levels throughout childhood and adolescence 

has important clinical implications as studies have shown that meeting guidelines is 

favourably associated with adiposity, cardiometabolic disease risk score and fitness in 

children and youth (Poitras et al., 2016). Investigations of associations between these 

new guidelines and other health outcomes in children under 5 years are scarce, one 

study found that adhering to the 24-hour movement guidelines is associated with fewer 

behavioural problems in 3-year-old children (Carson et al., 2019), and two additional 

studies found no associations between meeting guidelines and adiposity in toddlers 

(Lee et al., 2017) or preschoolers (Chaput et al., 2017a). Clearly, additional cross-

sectional research is needed to examine the relationship between meeting PA 

guidelines and other health outcomes during early childhood; longitudinal studies are 

also needed to determine how these associations may affect health outcomes that 

might track into later childhood/adolesce.
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1Canadian Society for Exercise Physiology PA guidelines for children aged 0 – 4 years (Tremblay et al., 2017) and 5 – 17  years (Tremblay et al., 2016)  
2  World Health Organization PA guidelines for children aged 0 – 4 years (World Health Organization, 2019) and 5 – 17 years (World Health Organization, 2010b) 
3 Percentage of Canadian children aged 1 – 2 years (Lee et al., 2017), 3 – 4 years (Chaput et al., 2017a) and 5 – 17 years (Roberts et al., 2017)  
 

A. Physical Activity Guidelines

B. Percent of Canadian children meeting    
physical activity guidelines

Any PA several times a day 
At least 30 mins in prone position

Infants (< 1 year)

Toddlers (1 - 2 years)

At least 180 mins in any type of 
PA including some MVPA

Preschoolers (3 - 4 years)

At least 180 mins in any PA, 
with at least 60 mins of MVPA

Children and Youth (5 – 17 years)
At least 60 mins of MVPA per day
Most daily PA should be aerobic
Including vigorous activities, like 
those that strengthen muscle and 
bone at least 3x per week

Toddlers1
(1-2)

Youth3
(5-17)

Preschoolers2
(3-4)

99%

62%

36%

Figure 1.1: Summary of the Canadian1 and WHO guidelines2 for PA in children (A) and 
percentage of Canadian children meeting PA guidelines (B)3. 
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1.4 Cross-sectional and longitudinal associations between PA and 

health outcomes 
Early childhood (< 5 years of age) is a critical time for development during which 

children learn to move through space and acquire fundamental movement skills (FMS) 

such as running and jumping (Stodden et al., 2008). As the development of motor 

competency is a complex and multivariable process that can be heavily influenced by 

environmental factors (Clark, 1995; Stodden et al., 2008), potential determinants of 

motor competency such as PA and fitness should be thoroughly examined during these 

developmental years. The complex relationship between PA, physical fitness and motor 

competency is outlined in a developmental model proposed by Stodden et al. (2008) 

which suggests that during early childhood, acquisition of FMS is driven by PA and is 

mediated by other factors including physical fitness over time. Subsequently, FMS 

provide the foundation for more complex movements needed for recreational play and 

sports participation (Gallahue & Ozmun, 2000; Stodden et al., 2008) which can lead to 

increased fitness levels (Stodden et al., 2008). Accordingly, the model also suggests 

that during middle to late childhood, motor competency begins to drive PA and 

therefore, PA during the early years may drive PA during later childhood and 

adolescence (Stodden et al., 2008).  

Previous studies have examined the associations between PA and motor 

competency (Figueroa & An, 2017; Jones et al., 2020) and between PA and fitness 

(Fang et al., 2017; Poitras et al., 2016) and have found conflicting results. A lack of 

consistency in test batteries used to assess motor competency or physical fitness make 

it difficult to determine associations between PA, motor competency and fitness. For 

example, test items used to evaluate motor competency have also been used to assess 

physical fitness (Utesch et al., 2019a; Wrotniak et al., 2006) an issue that is further 

complicated by the abundance of varying terminologies including “motor ability”, “motor 

skills”, “motor coordination”, “motor/movement performance”, “movement competence” 

along with “physical fitness” (Robinson et al., 2015). To clarify, the term motor 

competency is used to describe the proficiency of any goal-oriented form of human 

movement involving gross body coordination and control (Coppens et al., 2019; 

Robinson et al., 2015; Utesch et al., 2019b). Thus, during early childhood, fundamental 
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movement skill (FMS) proficiency is often used to evaluate motor competency (Stodden 

et al., 2008). In contrast, motor abilities can be defined as the general traits or abilities 

underlying the performance of FMS (Burton & Miller, 1998); examples of motor abilities 

include speed, endurance, strength, coordination, balance and flexibility and any 

combination of these abilities, for example speed strength and strength endurance 

(Burton & Miller, 1998; Klein et al., 2012). According to Caspersen et al. (1985), 

physical fitness represents one’s ability to execute physical activities requiring aerobic 

capacity, endurance, strength or flexibility, as such certain motor abilities like flexibility 

may be considered an indicator of good physical fitness. Owing to its favourable 

associations with adiposity, cardiovascular disease risk, and skeletal health (Ortega et 

al., 2008), physical fitness is a key health indicator and should be incorporated in future 

policies and guidelines. 

During the development of the new Canadian guidelines, experts identified cognitive 

function as a critical indicator of health and subsequent reviews have suggested 

positive associations between PA and cognitive function (Biddle et al., 2019; Bidzan-

Bluma & Lipowska, 2018), and physical fitness and cognitive function (Donnelly et al., 

2016). However, due to the lack of longitudinal evidence and high quality randomized 

controlled trial, reviews also concluded that further research is needed to fully 

understand the associations between physical activity, fitness, and cognitive function 

(Poitras et al., 2016). Physiological side effects of physical activities and physical fitness 

including increased blood flow to the brain, brain neurotransmitter modification as well 

as improved arousal levels suggest that PA and physical fitness may have additional 

benefits for cognitive functioning (Sibley & Etnier, 2003), and thus these associations 

warrant future investigation. 

As the proposed nature of the associations between cognition (Biddle et al., 2019), 

motor competency, physical fitness and physical activity is complex and changes over 

time (Stodden et al., 2008), it is important that these associations be examined in both 

cross-sectional and longitudinal manners and that the specific test batteries used to 

assess cognition, motor competency and physical fitness as well as methods used to 

assess PA are accurately and thoroughly outlined. An overview of some of the 

associations between PA and health indicators identified in the systematic reviews 
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conducted by Poitras et al. (2016) and Carson et al. (2017) which helped inform the 

development of the Canadian PA guidelines are outlined below in Figure 1.2. 

 

 

Figure 1.2: Favourable associations between physical activity and other health 
outcomes as identified in the systematic reviews that informed the development 
of the Canadian PA guidelines for children aged 0 - 4 years (blue lines) and 5 - 17 
years (black dashed lines).
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1.5 Summary of Objectives &Hypotheses 
 

It is well known that accelerometers can provide a valid and reliable measure of 

movement patterns in young children. As outlined in Section 1.2 above, when 

researchers aim to analyse accelerometer data to quantify movement behaviours in 

preschool aged children, they are presented with many methodological considerations 

and must make numerous decisions regarding data collection and processing. As such, 

many questions pertaining to the most optimal way to collect and analyse data from 

accelerometers remain. As methodological decisions can impact the outcome metrics 

acquired from accelerometer data, researchers need to optimize their data collection 

and processing protocols. Researchers can then use these estimates of the free-living 

movement behaviours to examine relationships between measures of activity, e.g. does 

a child meet the current guidelines for physical activity and other health associations. 

An aim of this Doctoral dissertation is to gain a better understanding into the 

methods currently being used to collect and analyse accelerometer data from young 

children. Following this, a detailed examination into the effects of a specific 

methodological choice (cut point selection) on outcome measures of physical activity 

and sedentary behaviour within a preschool aged population was performed. Finally, we 

aimed to develop a better understanding of how physical activity, specifically meeting 

physical activity guidelines, is related using two studies; a cross-sectional analysis 

designed to explore associations between PA and motor ability and a longitudinal data 

analysis designed to explore associations between physical activity, physical fitness, 

and cognitive function in males and females from childhood through adolescence. 

 

1.5.1 Study 1  
 
Purpose 

The purpose of Study 1 was to comprehensively review the reported published 

methods used for collecting and processing data acquired from accelerometers worn by 

preschool aged children. Specifically, methodologies such as accelerometer make and 

model, accelerometer placement, sample rate, data collection protocol and data 
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processing measures including “non-wear” time definition, description of a “valid day”, 

epoch duration and cut points used for defining each intensity of movement were 

examined. This study will provide an overview of the most commonly used methods and 

will allow researchers to interpret results through a better-informed lens. Additionally, we 

expect that Study 1 will highlight the poor reporting of these methodologies over the past 

ten years and will make the case for why more detailed reporting in published papers is 

needed. In turn, this information may assist researchers in the formation of well thought 

out experimental designs and will facilitate a more cohesive interpretation of published 

research findings. This study will also provide insight into how methodologies in this field 

have changed over the last decade and will suggest areas for future direction within this 

body of literature. 

 

Objectives 

1) This study will provide a comprehensive list of recommended reporting practices 

for authors to consider when designing studies using accelerometers to investigate 

free-living movement behaviours in young child populations. 

 

 

1.5.2 Study 2 

Purpose 

Study 2 aimed to quantify the effect of applying various cutpoints to data derived 

from hip-worn accelerometers in a preschool aged population. Specifically, ten different 

cutpoints were applied to the same data set and the resultant differences in time spent 

in sedentary behaviour (SB), light physical activity (LPA), moderate-to-vigorous physical 

activity (MVPA) and total physical activity (TPA) were analysed (Aim 1). A secondary 

aim was to examine these differences when cutpoints were only applied to the portion of 

the sample within the specific age range for which the cutpoints were originally validated 

(Aim 2). Finally, we examined how different cutpoints alter the proportion of children 

meeting Canadian PA guidelines (Aim 3). 

 



 

 12 

Hypotheses 

1) We hypothesized that all cutpoints would yield different values for time spent in 

all movement intensities and that these would all be statistically different from 

each other. We also expected that the lowest differences would occur in the 

amounts of time spent in TPA.  

2) We hypothesized that a significant difference in time spent in all intensities would 

still be observed when age specific cut points (from the original validation 

studies) were applied.  

3) We hypothesized that the proportion of children meeting PA guidelines would 

vary significantly and be dependent on the cutpoint applied. 

 

1.5.3 Study 3 

Purpose 

 The purpose of Study 3 was to evaluate the relationship between individual 

motor abilities and various objectively assessed PA outcomes within a preschool aged 

population. Motor ability tests were conducted to assess speed, strength, endurance, 

coordination, and flexibility. PA measurements included MVPA (mins), TPA (mins), the 

percentage of total physical activity time spent in moderate to vigorous physical activity 

(%MVPA of TPA) and whether children are meeting current WHO guidelines for PA. 

Hypothesis 

1) Time spent in MVPA, TPA, %MVPA of TPA or meeting current PA guidelines 

recommended by the WHO would be positively associated with all five motor 

ability tests. 

 

1.5.4 Study 4 

Purpose 

 Study 4 aimed to investigate the longitudinal associations between physical activity, 

physical fitness, and cognitive function from childhood through adolescence. 

Specifically, we aimed to examine the association of childhood physical fitness with 
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physical activity and cognitive function during later childhood, early adolescence and 

how this association differed between males and females before and after puberty. 

 

Hypotheses 

1) Children with higher fitness test scores at baseline would have higher amounts of 

time spent in MVPA and better cognitive function test scores at follow-up several 

years later 

2) Children with higher fitness test scores at baseline would be more likely to meet 

WHO recommended levels of MVPA at follow-up several years later. 

3) Children with higher fitness test scores at baseline would be more likely to meet 

current WHO recommendations for PA at follow-up several years later. 
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Chapter 2. Study 1: The use of accelerometers in young 
children: A methodological scoping review 

 

2.1 Abstract  
Accelerometers provide a valid and reliable measurement of movement and allow 

researchers to examine the associations between free-living movement behaviours and 

various health indicators. Understanding where methodological inconsistencies exist for 

the collection and analyses of accelerometer data in young child populations will ensure 

strong experimental design and assist researchers in the development of solid data 

analysis plans and proper interpretation of results. To this end, we conducted an 

extensive scoping review of publications using accelerometers to capture movement 

behaviours in children aged 6 months to under 6 years and reported on the current 

methodologies used for data collection and analyses. Specific methodologies that were 

examined included a priori decisions such as device make and model, device 

placement, sampling frequency and data collection protocol, as well as posteriori 

decisions including definition of non-wear time, inclusion criteria, epoch duration and 

cutpoints used for classifying accelerometer outputs into specific movement intensities. 

Five online databases as well as three grey literature databases were searched for 

peer-reviewed studies as well as conference abstracts, theses and dissertations. 

Studies were included if they were published in the English language between January 

2009 and March 2021. A total of 627 articles were included for descriptive analyses and 

results showed that the number of articles published in this area has steadily increased 

over the last eleven years. Of the reviewed articles, 75% used ActiGraph devices, the 

most common device placement was hip or waist, over 80 percent of articles did not 

report which sampling frequency was used and seven-day protocols during only waking 

hours were the most frequently reported. For posteriori decisions, 15 second epoch 

durations and the cutpoints developed by Pate et al. (2006) were the most common. A 

total of 203 articles did not report which definition of non-wear time was used; when 

reported, “20 minutes of consecutive zeros” was the most frequently used. Lastly, the 

most common inclusion criteria were, “greater or equal to 10 hours per day for at least 3 

days” for studies conducted in free-living environments and “greater than 50% of the 
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school day” for studies conducted in preschool or childcare environments. Results 

demonstrated a major lack of reporting of methods used to analyse accelerometer data 

from young children. A list of recommended reporting practices was developed to 

encourage increased reporting of key methodological details for research in this area.  

 

2.2 Introduction 
Numerous health benefits have been associated with physical activity (PA), in young 

children such as improved cardiometabolic health indicators, motor skill development 

and psychosocial health (Timmons et al., 2012). New PA, sedentary behaviour, and 

sleep guidelines have been developed to outline the amounts and intensities 

recommended for specific age groups (Tremblay et al., 2017; World Health 

Organization, 2019). These guidelines inform parents of how much and what type of 

movement behaviours their children should be acquiring and allow researchers & 

clinicians to analyse the impact of reaching/ failing to reach guidelines on other health 

outcomes. Research suggests that meeting these new guidelines is favourably 

associated with adiposity, cardiometabolic disease risk score and fitness in children and 

youth (Poitras et al., 2016), but investigations of associations between these guidelines 

and other health outcomes in children under 5 years are scarce. One study found that 

adhering to the 24-hour movement guidelines is associated with fewer behavioural 

problems in 3-year-old children (Carson et al., 2019), and two additional studies found 

no associations between meeting guidelines and adiposity in toddlers (Lee et al., 2017) 

or preschoolers (Chaput et al., 2017a). 

To continue to investigate the associations between movement behaviours and 

health outcomes, as well as the effectiveness of targeted interventions, researchers 

require valid and reliable estimates of free-living movement in young children which can 

be captured using accelerometers. Due to the sporadic nature of movement behaviours 

and patterns in young children (Bailey et al., 1995), structured activities conducted in a 

lab setting for a set length of time do not accurately represent real-life movement 

patterns of very young children. Thus, assessment of these movement behaviours in 

free-living environments is preferred. 



 

 16 

Accelerometers provide a valid and reliable estimate of the duration and intensity of 

movement in young children (Costa et al., 2014; De Vries et al., 2009; Pate et al., 2006) 

however there are some limitations that accompany the use of these devices. 

Accelerometers only measure the acceleration of the body segment to which they are 

attached, for example arm placement of a monitor would not capture movements of the 

trunk which, in turn, may lead to an underestimation of whole-body PA (Cliff et al., 

2009). Furthermore, these devices cannot account for increased energy expenditure 

associated with carrying a load or activities performed at an incline and also have 

limited capabilities to measure non-weightbearing activities (i.e. cycling) (Cliff et al., 

2009; Pate et al., 2010). However, the relatively low cost, reduced participant and 

researcher burden and ability to capture data over a long period of time makes 

accelerometers an ideal device for addressing numerous research questions 

concerning PA levels in young children. When using these devices, numerous decisions 

must be made regarding experimental design, protocols, and data processing. Some of 

the key methodological considerations that must be addressed when collecting and 

analysing accelerometer data in young children are outlined in Table 2.1. These factors 

include a priori decisions which must be made before data collection begins (i.e. 

accelerometer device make and model, data collection protocol, sampling frequency) in 

addition to posteriori decisions that can be made in advance and/or modified during 

data processing (i.e. epoch, cutpoint, non-wear time, inclusion criterion). Numerous 

factors can influence these methodological decisions such as device cost or availability, 

size of study, availability of funding and research aims. Given the sheer number of 

factors to consider when using accelerometers to track free-living behaviours in young 

children, it is understandable that there is lack of methodological consistency in this 

area of research; for this reason, the reporting of the chosen methodologies has 

become increasingly important.  

 

For example, decisions such as device placement (Hislop et al., 2016), sampling 

frequency (Brond & Arvidsson, 2016), epoch duration (Vale et al., 2009) and cutpoint 

(Janssen et al., 2013; Kahan et al., 2013; van Cauwenberghe, 2011) can impact the 

interpretation of accelerometer output and subsequent examination of the associations 
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between movement behaviours and health outcomes. Previous reviews have 

highlighted the inconsistencies in methodologies used to analyse movement behaviours 

in young children (Bruijns et al., 2020; Cain et al., 2013b; Migueles et al., 2017).  

However, these reviews have only focused on studies using specific models of 

ActiGraph devices (Cain et al., 2013b; Migueles et al., 2017) and within the past few 

years numerous other accelerometers have become available to researchers. 

Additionally, recent reviews limited the studies to include specific age ranges within 

preschool aged populations; Bruijns et al. (2020) only examined children under 3 years 

and Migueles et al. (2017) summarized data for 2 – 5 year olds in their preschoolers 

group, which may not have accurately captured all of the methods currently being used 

to collect and analyse accelerometer data in children under the age of 6 years. Lastly, 

these reviews did not distinguish differences in certain methodologies used in different 

settings (i.e., free-living versus preschool/childcare settings). 

Therefore, the purpose of this paper is to comprehensively review the methods used 

for i) collecting, and ii) processing and analysing data acquired from accelerometers 

worn by young children (aged 6 months to under 6 years years) in free-living and 

preschool/childcare environments. Specifically, the reporting of key methodological 

choices such as accelerometer model, accelerometer placement, data collection 

protocol and sample rate will be discussed in Part 1, (a priori decisions). The selection 

and implementation of data processing choices including epoch duration, “non-wear” 

time definition, description of a “valid day” and valid day inclusion criteria as well as cut 

points used for defining different movement intensities will be discussed in Part 2 

(posteriori decisions). This scoping review will provide a synopsis of the most reported 

methods, as well as outline which methods are most often not reported and will highlight 

discrepancies that exist in the current literature. Based on our reading of recent 

publications in this area, we expect that this scoping review will provide empirical 

evidence to demonstrate that specific details regarding methodological decisions and 

processing steps used over the past ten years are often not accurately reported in 

published papers; we will then aim to provide justification for the need for more detailed 

reporting. 

 



 

 18 

Table 2.1: Methodological details recorded during data extraction.  

A priori methodological decisions 

Accelerometer Make The manufacturer of the device used. If more than one device was 
used from different manufacturers, all were recorded. 
(i.e., ActiGraph, Phillips Respironics, Cambridge Neurotechnology) 

Accelerometer Model The specific model of the accelerometer used. If more than one 
model was used, all were recorded (i.e. GT1M, GT3X, Actical, 
Actiwatch -L, ActiHeart) 

Device Placement Where the device was worn for study duration. If more than one 
location was used, all were recorded (i.e. hip, wrist, ankle, chest) 

Sample Frequency The sample frequency (number of data samples recorded per 
second) at which the device(s) was set to record. 
(i.e. 30 Hz, 80 Hz, 100 Hz) 

Data Collection 
Protocol 

The total length of time for which participants were asked to wear 
the device as well as how long the device was to be worn each day. 
(i.e. 7 days, 5 days, and 24 hours, waking hours only, during school) 

Posteriori methodological decisions 

Epoch Duration The user specified period over which counts/acceleration data are 
summed. If researchers used one epoch for collection and then 
aggregated data into another epoch for analysis, the epoch used for 
analysis was recorded. If more than one epoch was used for 
analysis, all epochs were recorded. 
(i.e. 1 sec, 60 sec, 15 sec) 

Cutpoint/ Intensity 
Classification 

Thresholds used to classify accelerometer output into intensities. If 
more than one cutpoint was used, all cutpoints were recorded. 
(i.e. Pate et al, Evenson et al, Hager et al, Adolph et al etc) 

Non-wear Time 
Definition 

The minimum amount of time recording zero movement required for 
a research team to decide that the device was not worn. Allowance 
for “non-zero spikes” within this time frame was also recorded. 
(i.e. 20 minutes of consecutive zero counts, visual inspection) 

Inclusion Criteria Minimum amount of wear time that must be recorded to be deemed 
a ‘valid’ day along with the minimum number of ‘valid days’ for the 
child’s data to be included in the analysis. 
(i.e. minimum of 6 hours per day for at least 3 days) 
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  Additionally, we observed that numerous publications originated from the same 

project and reported the same or similar methods; we were curious about the influence 

of these studies on specific methods used in the literature. Therefore, we conducted a 

frequency sub analysis to examine the influence of large projects with numerous 

publications on the number of times each epoch duration and cutpoint was reported. We 

expected that these publications would influence the total number of certain epoch 

durations and cutpoints that were reported. 

This study will also provide insight into how methodologies in this field have 

changed over the last decade and will provide suggestions for future directions within this 

body of literature. Finally, we will suggest a comprehensive list of ‘recommended’ 

reporting practices for authors using accelerometers to investigate free-living physical 

activity and sedentary behaviour in young child populations. 

 

2.3 Methods 

2.3.1 Study design 

The present review focuses on the methodologies used to obtain and analyse 

accelerometer data from populations of children between the ages of 6 months and under 

6 years. Specific methodological details that were reviewed include device make and 

model, device placement, sampling frequency, data collection protocol (i.e., how long was 

the device worn), epoch, non-wear time definition, definition of a valid day (i.e., amount 

of wear time needed to include a day in analyses), inclusion criteria (i.e., number of valid 

days required for participant to be included in analysis) and cutpoint or intensity 

classification (see Table 2.1 for details). Additionally, a frequency sub analysis was 

conducted on projects/studies that resulted in multiple publications but were all based on 

the same initial data set; this allowed us to investigate common experimental practices 

for research projects that generate multiple publications.  The protocol for this review, 

which contained inclusion and exclusion criteria and analytical methods, were determined 

in advance, and archived in the University of Guelph Library online repository 

(http://hdl.handle.net/10214/16867). The overall approach of this scoping review closely 

followed the PRISMA guidelines for systematic reviews and meta-analyses. 
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2.3.2 Search Strategy 

For this review, we conducted electronic searches using the following databases: 

Medline (via OvidSP), CINAHL, PsycINFO, Web of Science and Global Health CABI. A 

search of grey literature was conducted through Google Scholar (first 20 pages of search 

results from Google Scholar), ProQuest conference papers and proceedings, ProQuest 

dissertations and Open Access Theses and Dissertations. We consulted with a research 

librarian at the University of Guelph to build search strategies that were adapted to the 

syntax of all databases and subject headings were used when appropriate. Search 

strategies were designed to capture studies using all types of accelerometers in child 

populations to measure outcomes such as physical activity or sedentary behaviour (Full 
search strategies are available in Appendix 1). Our first round of searches was 

conducted on August 16th, 2019 and was limited to studies published in the English 

language between 2009 and 2019. Due to delays caused by the COVID-19 pandemic, 

another search was conducted on March 22nd, 2021, to capture any additional 

publications between August 16th, 2019, and March 22nd, 2021. The second search was 

conducted using the same search strategies in the five previously searched databases: 

(Medline (via OvidSP), CINAHL, PsycINFO, Web of Science and Global Health CABI), 

grey literature searches were not conducted during the second search. 

 

2.3.3 Inclusion/Exclusion Criteria 

All original studies (cross-sectional, longitudinal or intervention studies) using any 

accelerometer model with children between the ages of 6 months and under 6 years old 

for any duration of time were eligible for inclusion. As studies investigating children often 

include a sample of a wide age range, thus a strict review process was followed with 

details below: 

1) Children aged 5 and 6 years were included but studies that included children 

aged 5-7 years, 5-8 years, etc. were not included 

2)  Any study including an age range that started at 4 years of age or below (i.e., 4-

18 years, 4-12 years, etc) was included 

3)  Studies on infants where the maximum age was 6 months were excluded 
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The rationale for the first criteria listed above was that in studies investigating 

children 5 and 6 years old, half of the age range falls within our included age range (6 

months to under 6 years), whereas the majority of the age range in studies with 

samples of children aged 5-7 and older falls outside of the age range in our study. The 

second criteria listed above was chosen to ensure that this review captured the 

methodologies used in studies looking at young children, we felt that if the methods 

were used on children as young as 4 years old, then these methods should be included 

in our study. Conversely, the third criterion was chosen to limit the number of studies 

that examined infants from inclusion in our review. 

Protocols, reviews, editorials, or abstracts with minimal details (i.e., less than three 

of the methodological details outlined below) were excluded as well as studies 

conducted in a lab environment with structured activities (i.e., calibration and/or 

validation studies). Studies conducted on children with conditions that could impact 

mobility (i.e., Cerebral Palsy, Downs Syndrome, Cystic Fibrosis, Spina Bifida, Diabetes, 

Autism, cancer, malnutrition) were only included if a control group of typically 

developing children were included in the sample. As a main focus of this article was to 

report on the processing steps used for analysing accelerometer data, studies that used 

ActivPal devices or pedometers (i.e., Fitbits™) were excluded. The ActivPal device 

output is limited to reports of “movement postures” and the output of pedometers is 

limited to the number of steps. Additionally, most of the processing techniques are 

proprietary for ActivPal and Fitbit devices (i.e., user cannot modify device settings). 

Lastly, studies that reported using an accelerometer but only reported on the 

measurement of sleep metrics were excluded.  

Two authors (BB and H-CA) independently reviewed the title and abstracts of articles 

obtained from the searches. Studies that were excluded by both reviewers were excluded, 

all remained studies passed to full-text article screening and any discrepancies in this 

stage were resolved by a third reviewer (LAV).  
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2.3.4 Data Extraction 

The specific methodological details that were recorded during data extraction are 

outlined in Table 2.1. These details were categorized into a priori details (i.e., decisions 

that must be made prior to data collection and cannot be altered for processing) and 

posteriori decisions (i.e., decisions that are made during data analysis and can be 

altered). A priori (Part 1) details included accelerometer make and model, device 

placement, sample frequency and data collection protocol. Posteriori (Part 2) decisions 

included epoch, cutpoint or intensity classification, non-wear time definition, software 

used for data processing and inclusion criteria (i.e. definition of a valid day and minimum 

number of valid days required).  

 

2.3.5 Frequency Sub Analysis 

It is typical to examine a variety of research questions using data from the same 

project; observed associations between variables of interest may then be published 

separately. This approach is financially feasible and optimizes the contributions of study 

participants. As such, numerous publications may result from the same project/original 

data set, using the same or similar methods. We were curious about the number of times 

multiple publications stem from the same original project that have reported on measuring 

children’s movement behaviours with accelerometers. It is possible that certain 

processing techniques are considered more ‘popular’ or ‘commonly used’ since there are 

more papers citing these methods in the published literature however it should be 

recognized that these publications all come from the same original data set. 

Subsequently, a separate analysis was conducted for two important methodological 

details (epoch, and cutpoint/intensity threshold) to investigate the influence that multiple 

publications stemming from a single data set have on these methods used in this field of 

research. These two details were chosen as epoch duration was found to be one of the 

most frequently reported details in a recent review (Migueles et al., 2017), and cutpoints 

have been shown to have a great influence on accelerometer output (Costa et al., 2014; 

Janssen et al., 2013; Kahan et al., 2013) which in turn is often used by researchers and 

clinicians to determine if children are meeting PA guidelines (van Cauwenberghe, 2011). 
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For this analysis, we identified which publications stemmed from the same project and 

identified projects with multiple publications. Publications were then grouped together and 

identified as having used the same data set. Next, a rank order was applied to these 

studies based on the number of publications associated with each study. The top 25% 

where then included in the frequency sub analysis. 

 

2.4 Results 

2.4.1 All individual studies 

Figure 2.1 illustrates results from the searches performed.  After duplicates were 

removed, 9555 articles were identified; 8239 articles were excluded following title and 

abstract screening (BB and H-CA). An additional 689 articles did not meet 

inclusion/exclusion criteria after reading the full text and were excluded, leaving a total of 

627 articles included in our subsequent descriptive analyses. A full Bibliography of all 

included articles is available in Appendix 2. 

 

2.4.2 Frequency sub analysis 

This analysis identified that 368 publications (out of a total of 627 studies included 

in this Scoping Review) reported on data from 84 original studies. When the rank order 

was applied to these 84 studies (number of publications associated with each study) we 

determined that 21 original studies produced 194 individual publications. This 

represented 25% of the 84 ranked ordered studies, and 31% of all 627 studies included 

in this Scoping review. These publications were chosen for the frequency sub analysis. 
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Fig 2.1 PRISMA 2009 Flow Diagram

Records identified through database searching

(n = 18116)

Medline n = 3695
CINAHL n = 2425

Web of Science n = 5418
PsycINFO n = 1049
Proquest n = 3492

Google Scholar n = 200
Global Health Cabi n = 1837

Records after duplicates removed

(n = 9555)

Title and abstracts 

screened

(n = 9555)

Records excluded, with 

reasons: wrong population, 

wrong study design, foreign 

language 

(n =8239)

Full-text articles assessed 

for eligibility

(n =1316)

Full-text articles excluded, 

with reasons: wrong outcome, 

wrong population, wrong 

study design, wrong 

measurement device, foreign 

language, 

(n = 689)

Studies included in 

quantitative synthesis 

(meta-analysis)

(n =627)

Sc
re
en

in
g

In
clu

de
d

El
ig

ib
ili

ty
Id
en

tif
ica

tio
n

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097

For more information, visitwww.prisma-statement.org.

Figure 2.1: PRISMA diagram for the identification, screening, eligibility, and inclusion 
of studies. 
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2.4.3 Publication year 
 

Figure 2.2 shows the number of publications included in this review that were 

reported each year from 2009 -2021. Recall that our second search (conducted due to 

COVID delays) was conducted in March 2021; this resulted in an additional 103 studies 

for our scoping review with 84 published in 2020 and 19 published in the early months 

of 2021 (January to March 22, 2021). 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 2.2: Number of articles analysing accelerometer data in young 
children published between January 2009 and March 2021 out 
of the 627 articles included in this review. 
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Part 1: A priori decisions 

2.4.4 Device Make and Model 

The number of studies that reported using each accelerometer make and model are 

shown in Figure 2.3.  For studies that reported using two accelerometers (n=12), both 

devices were counted and added to the total number of devices reported (627 + 12 = 

639). A total of 480 studies reported using an ActiGraph device, making it the most 

common brand of accelerometer reported in this review (75%). Multiple studies reported 

using more than one model of the ActiGraph device, as such all models mentioned were 

counted and a total of 557 ActiGraph models where reported. Of the numerous models 

offered by ActiGraph the GT1M (n = 156) and GT3X+ (n = 125) devices were the most 

used models. Other frequently used devices were manufactured by Phillips Respironics 

(previously Mini Mitter, n = 81) and Cambridge Neurotechnology (n=18). The most 

popular model from Phillips Respironics was the Actical (n=81), while the ActiHeart was 

the most reported model produced by Cambridge Neurotechnology (n = 18). Details 

regarding the device make and model were not explicitly reported in 11 studies. Within 

the studies using ActiGraph devices, 6 did not report the specific model, 7 reported just 

that ‘a uniaxial model was used’, and 6 studies reported using models that do not exist 

(reporting error). 
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*Note that 12 studies reported using two accelerometers (total of 639), and for the ActiGraph models, numerous studies reporting using multiple 
models of AcitGraph devices, making the total out of 557. 
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Figure 2.3: Number of articles that reported each (A) Accelerometer manufacturer, and the device model for the 
three most reported manufacturers: (B) ActiGraph, (C) Cambridge Neurotechnology, and (D) Phillips 
Respironics. 
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2.4.5 Device Placement  

Figure 2.4 displays details regarding the specific device placements reported by 

studies included in the review. For studies that reported using accelerometers at two 

locations (n=12), both locations were counted and added to the total number of device 

placements reported (627 + 12 = 639). The most frequently reported location was the 

hip/waist (N=459 out of 639; 72%). Of these, a total of 147 studies reported that the 

device was worn on the “hip or waist”; 10 additional studies reported the device was 

worn on the left hip and 302 studies reported that the device was worn on the right hip.  

The second most frequent device placement location was the wrist (n = 49), followed by 

the ankle (n=21), the chest (n =15), then back (10) and finally the thigh (n =1). A total of 

84 studies did not report device placement.  
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Figure 2.4: Device placement for all articles included in the review. 
 *Note that 12 studies reported using 2 device placements for a total of 639 device placements represented in the above figure. 
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2.4.6 Sample Frequency 
 

The studies that reported sample rate (n = 119) are shown in Figure 2.5, note that 

one study reported using two different sample frequencies and both are reported here 

(n =120). A sample frequency of 30 Hz was the most common (n = 75), followed by 60 

Hz (n = 12) and 100 Hz (n = 10). Sample frequency was not reported in 508 or 81% of 

studies included in this review. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 2.5: Number of articles that reported using each Sample Frequency1. 
 1One study reported using two sample frequencies and 508 studies did not report which sample 
frequency was used. 
 
*Note that some older devices only have one sample frequency setting available, however these were still 
counted as “did not report” since the sample frequency was not explicitly reported in the published article. 
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2.4.7 Data Collection Protocol  
 

Detailed results regarding data collection protocols followed, i.e., the time children 

were requested to wear the device and the length of time each day (24 hours/day, 

waking hours only, preschool hours etc) are presented in Table 2.2.  Please note that 

for protocols conducted at preschool/childcare centers some studies cited the specific 

hours during which the device was worn (i.e., 9 am -2 pm), but the majority did not 

provide specific times, therefore all studies conducted at preschool/childcare centers 

were reported as “preschool hours” in this scoping review.  

Data collection protocols of 7 days were the most frequently reported (n = 283), of 

which 117 were for 24 hours per day, 124 were during “waking hours only”, 5 were 

during preschool hours and 37 did not report context concerning how children were 

asked to wear the device each day. Regarding when the devices were to be worn 

during data collection, studies that collected data during waking hours only were the 

most common (n=265), followed by 24 hours/day (n=169) and lastly at 

preschool/childcare (n=85). A total of 113 studies did not provide context regarding 

when the device was worn during the data collecting protocol.
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Table 2.2: Data collection protocols reported from all studies included in this review 
1 Articles that cited a protocol of “1 week during preschool” were counted under 5 days  

2 Articles that cited data collection protocols at preschools such as; recess, one physical education class, 1 hour session at school, 1 play period. 
Times ranged from 30 – 104 mins 

3 5 studies used two data collection protocols (one baseline, one follow-up, or combined data from studies with different data collection protocols

  Context details 
Data collection Protocol Total 24 hrs/day Waking hours only Preschool/Childcare Did not report 

Did not report  35 1 15        - 19 
1 day 20 5 - - 15 
2 days 14 1 6 6 1 
3 days 38 4 16 10 8 
4 days 33 3 20 9 1 
5 days1  100 19 22 42 17 
6 days 25 9 8 1 7 
7 days/ 1 week 283 117 124 5 37 
8 days 34 2 29 - 3 
9 days 2 - 2 - - 
10 days 3 - - 2 1 
11 days 1 - 1 - - 
14 days/ 2 weeks 21 1 16 1 3 
16 days 1 1 - - - 
28 days 2 2 - - - 
1 – 4 days 1 - - 1 - 
4 – 5 days 2 - 2 - - 
5 – 7 days 1 1 - - - 
6 – 7 days 1 1 - - - 
6 – 8 days 2 2 - - - 
7 – 8 days 1 - 1 - - 
7 – 9 days 1 - - - 1 
8 – 10 days 3 - 3 - - 
One Structured Period2 8 - - 8 - 
Total3 632 169 265 85 113 
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Part 2: Posteriori decisions 

2.4.8 Epoch duration 

The epoch durations stated in the studies included in the full analysis as well as the 

frequency sub analysis portion of this review as are displayed in Figure 2.6. A total of 

613 studies reported using 1 epoch duration, 13 studies reported using 2 different 

epoch durations and 1 study reported using 3 different epoch durations, for a total of 

642 epoch durations cited from the 627 articles in this scoping review. Of the 642 

reported epoch durations, a total of 51 studies did not report which epoch duration was 

selected; the most frequently used epoch duration was 15 seconds (n = 329), followed 

by 60 seconds (n = 130) and 5 seconds (n =56). The remaining 76 citations reported 

using epochs between 1 second and 2 minutes or reported using no epochs at all (i.e., 

raw data analyses). Of the total number of times 15 second epoch durations were cited 

(n =329), the frequency sub analysis revealed that 108 of those citations came from 14 

of the project studies with multiple publications. Subsequently, of the total number of 

times 60 second epoch durations were reported (n =130), the frequency sub analysis 

revealed that 59 of those citations were from 11 large project studies. 
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Figure 2.6: Number of times each Epoch duration was cited. Papers from the 

Frequency sub analysis are in orange; all other studies are depicted in 
pink. Total number epoch durations cited from studies reviewed 
(N=642, some studies used multiple epoch durations) is on the y-axis 
and is a sum total of the frequency sub analysis and other studies (i.e. 
pink + orange bars).  
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Neurotechnology devices are illustrated in Figure 2.7C. A total of 44 studies did not 

report how different intensities were classified or did not quantify accelerometer output 

into different intensities and just reported counts per minute or raw acceleration as 

physical activity. The most reported cutpoints in studies using ActiGraph devices were 

those calibrated by Pate et al. (2006) (n = 157), followed by the Evenson et al. (2008) 

cutpoints (n =110), the Trost et al. (2012) (n = 55), the Butte et al. (2014) cutpoints 

(n=40) and the Sirard et al. (2005) cutpoints (n=40).  The most reported cutpoints in 

studies using Phillips Respironics devices were those calibrated by Pfeiffer et al. (2006) 

(n = 33), followed by Adolph et al (n =18), Wong et al (n = 14), Evenson et al (n=7), 

Hager et al (n = 6), Colley et al (n = 5) and Puyau et al (n = 4). A total of 18 studies 

using Phillips Respironics devices did not report which cutpoint was used. In studies 

using Cambridge technology devices, the cutpoints that were reported included, De 

Bock et al. (2010) (n =4), Pate et al. (2006) (n = 4), Ridgeway et al (n =1), Corder et al 

(n = 1) and Sundberg et al (n =1), while a total of 10 studies did not report a cutpoint. 

In the frequency sub analysis, 18 of the main studies used ActiGraph devices 

(Figure 2.7A) and 3 of the main studies used Phillips Respironics devices (Figure 
2.7B). In studies using ActiGraph devices, this frequency sub analysis revealed that out 

of all cutpoints reported in this review (n = 587), 216 were cited in publications that 

stemmed from 18 original studies. In studies using Philips Respironics devices, the 

frequency sub analysis revealed that out of all cutpoints reported in this review (n = 

587), 30 were cited in publications that stemmed from 3 original studies.   
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Figure 2.7: Number of times each cutpoint was referenced in articles using devices from A) ActiGraph, B) Phillips 

Respironics and C) Cambridge Neurotechnology. Papers from the Frequency sub analysis are in A) 
light blue and B) light purple, no studies from the frequency sub analysis used Cambridge 
Neurotechnology devices; all other studies are depicted in A) dark blue, B) dark purple and C) teal. 
The number of cutpoints cited from studies using ActiGraph devices/Phillips Respironics 
devices/Cambridge Neurotechnology devices is on the y-axis and is a sum total of the frequency sub 
analysis and other studies (i.e. A) dark blue + light blue, B) dark purple + light purple). 

*Note that many articles cited multiple cutpoints, hence the number of cutpoints reported totalled 587 (ActiGraph devices), 114 (Phillips 
Respironics) and 21 (Cambridge Neurotechnology). The 5 most frequently reported cutpoints in studies using ActiGraph devices and the 7 most 
reported cutpoints in studies using Phillips Respironics devices are shown. All cutpoints cited in studies using Cambridge Neurotechnology 
devices are shown. 
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2.4.10 Non-wear time definition 

The criteria used to identify periods of non-wear time are listed in Figure 2.8. A total 

of 203 studies did not report how non-wear time was defined, while the most frequently 

described definition of non-wear time was, “20 minutes of consecutive zero counts”, 

which was reported in 150 publications, followed by “60 minutes of consecutive zeros” 

in 120 publications and “10 minutes of consecutive zeros” in 55 publications.  Non-wear 

time was identified and removed using visual inspection in conjunction with parent 

reported log sheet times in 21 studies. The remaining 78 studies reported other 

definitions of non-wear time as detailed in Figure 2.8. 

 
2.4.11 Inclusion criteria  

Full details regarding the number of times each definition of a valid day, as well as 

the number of valid days required for inclusion in analysis, are reported in Table 2.3 for 

studies conducted in free living environments and in Table 2.4 for studies conducted in 

a preschool or childcare setting. Note that some studies reported multiple different valid 

day definitions or inclusion criteria, thus the total number of valid days and an inclusion 

criterion reported was captured in 643 protocols. 

In free-living studies, the most common valid day definition was “greater than or 

equal to 10 hours of valid wear time” and the most common number of required valid 

days for inclusion was 3 days. In studies conducted in preschool or childcare 

environments, “greater than or equal to 3 hours of valid wear time was the most 

common valid day definition and 3 days was also the most common number of required 

days for studies in this setting.
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Figure 2.8: Number of times each Non-Wear Time definition was reported.  
1 No specific definition of non-wear time was given but a citation of an algorithm was reported 
*Note that 203 articles did not report any definition for Non-Wear Time (not shown) 
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Table 2.3: Number of times each valid day definition and number of valid days required 
for inclusion was reported for studies conducted in free-living environments 

WD = Weekday, WE = Weekend Day, WT = Wear Time, N/A = did not report 180% of total time during 
which 70% of sample wore the accelerometer, 2Studies listed exclusion criteria instead of inclusion 
criteria for valid days, 3 Note that some studies reported using two or three inclusion criteria in their study 

“Valid day” definition Number of valid days required for inclusion 
Total 1 2 3 4 5 6 7 N/A 

Did not report 133 - - - - 1 - 1 131 
≥ 1 hr 2 1 - 1 - - - - - 
≥ 2 hrs 1 - - 1 - - - - - 
≥ 3 hrs 5 - - 1 - - - - 1 
≥ 4 hrs 16 4 6 2 1 2 - - 1 
≥ 5 hrs 32 3 2 17 7 1 - - 2 
≥ 6 hrs 87 5 4 41 32 - 2 - 2 
≥ 7 hrs 15 - - 3 12 - - - - 
≥ 8 hrs 86 6 9 36 27 1 - 1 6 
≥ 8 hrs (WD), ≥ 7 hrs (WE) 1 - - - 1 - - - - 
≥ 9 hrs 6 - - 2 2 1 - - 1 
≥ 10 hrs 114 11 3 48 28 1 2 3 18 
≥ 10 hrs (WD), ≥ 8 hrs (WE) 1 - - 1 - - - - - 
≥ 15 hrs 1 - - 1 - - - - - 
≥ 16 hrs 5 - - 3 - - 1 - 1 
≥ 18 hrs 1 - - - - - - - - 
≥ 19 hrs 2 - - - - - - - - 
≥ 20 hrs 4 - - 1 1 . . 1 1 
≥ 24 hrs 10 6 2 1 1 - - - - 
≥ 400 mins 4 - 2 2 - - - - - 
≥ 500 mins 16 2 1 7 4 - - - 2 
≥ 1000 mins 2 - - - 2 - - - - 
≥ 3 hrs, ≤	18 hrs 1 - - - - - - 1 - 
≥ 4 hrs, ≤	18 hrs 1 - 1 - - - - - - 
≥ 5 hrs, ≤	18 hrs 1 - - 1 - - - - - 
≥ 6 hrs, ≤	18 hrs 2 - - - - - 2 - - 
≥ 8 hrs, ≤	18 hrs 1 - - - - - - - 1 
≥ 8 hrs, ≤	20 hrs 1 - - 1 - - - - - 
≥ 3 hrs – 10 hrs 2 1 - - 1 - - - - 
5 – 17 hrs 1 - - 1 - - - - - 
6 – 18 hrs 1 - 1 - - - - - - 
10 – 20 hrs 1 - - - 1 - - - - 
≥50% of waking hrs 3 - - - 3 - - - - 
≥50% of waking hrs, ≤	18 hrs 1 - - - 1 - - - - 
≥60% of waking hrs 1 - - 1 - - - - - 
≥75% of mins in any hr 1 - - - 1 - - - - 
≥80% of measurement day 1 - - - 1 - - - - 
80/70 rule1 9 - - 9 - - - - - 
Days with >40% non WT2 1 - - - - - - - 1 
Days with >50% non WT2 1 - - - - - - - 1 
Days with > 2 hours non WT2 3 - - 3 - - - - - 
Days with <80 cpm (average)2 2 2 - - - - - - - 
Days with 3 x 20mins of non WT2 2 - 2 - - - - - - 
Total3 581 41 33 184 126 10 7 7 172 
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Table 2.4: Number of times each valid day definition and the number of valid days required for inclusion was reported for 
studies conducted in preschool or childcare environments 

 
WE = Weekend Days 

1Note that this study required 1 childcare day and 1 home care day 
2 Note that some studies reported using two or three inclusion criteria in their study 

 

 Number of valid days required for inclusion 
“Valid day” definition Total 1 2 3 4 5 6 7 Did not report 

≥ 30 mins 1 - - 1 - - - - - 
≥ 1 hour 3 - 1 2 - - - - - 
≥ 2 hours 4 1 - - 3 - - - - 
≥ 2.5 hours 4 - - 2 2 - - - - 
≥ 3 hours 12 5 2 3 - - - - 2 
≥ 4 hours 2 - 1 - - - - - 1 
≥ 4 hours after school 2 - - 2 - - - - - 
≥ 5 hours 2 - - - 2 - - - - 
≥ 6 hours 2 - 2 - - - - - - 
≥ 7.5 hours1 1 - 1 - - - - - - 
≥ 8 hours 2 - - - 1 1 - - - 
≥50% of school day 10 2 1 7 - - - - - 
≥75% of time at childcare 7 2 4 1 - - - - - 
Entire classroom day 7 3 2 - - 1 - - 1 
≥50% of WT after school 1 - - - 1 - - - - 
≥50% of WT after school,	≥ 8 hours on WE 1 - - - 1 - - - - 
≥ 4 hrs, ≥ 1 hr after school and ≥ 5 hrs on WE 1 - - 1 - - - - - 

Total2 62 13 14 19 10 2 0 0 4 
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2.5 Discussion 
2.5.1 Summary of evidence 

Accelerometers provide valid and reliable measures of free-living movement 

behaviours in young children (Butte et al., 2014; De Vries et al., 2009; Pate et al., 2006) 

and can provide valuable information to those wishing to examine associations between 

movement behaviours and other health outcomes. As shown by the sheer number of 

publications included in this review, the use of accelerometers in young children has 

markedly increased over the past 10 years (see Figure 2.2). Other measures of 

physical activity and sedentary behaviour, such as parental reports or questionnaires 

have shown weak to no correlations with accelerometer-derived measures of PA in 

young children (Sarker, 2015; Small, 2013) thus accelerometers provide a feasible 

alternative method of capturing free living information regarding both the duration and 

intensity of movement in child populations. 

Although numerous devices are readily available to researchers, the number of 

methodological decisions and processing steps required to obtain the desired output are 

numerous. With little to no consensus in the literature (Cain et al., 2013b; Migueles et 

al., 2017), the methodological inconsistencies in this area of research are quite 

apparent. Additionally, the lack of reporting specific details regarding data collection and 

processing techniques makes it difficult to fully interpret results across studies (Migueles 

et al., 2017). Thus, we aimed to present reporting practices of key details on common 

methodologies that have been used over the past 10 years to collect and analyse 

accelerometer data from young children. As a result of the lack of details reported found 

in this review, a practical list of recommended reporting practices has been developed 

(see list at end of Discussion). It is our intention to help limit confusion in the literature 

and inform researchers of key parameters to consider when developing their study 

protocols and data analysis plans.   

A priori decisions 

2.5.2 Device Make and Model 

Results from this review demonstrate the ActiGraph accelerometers are the most 

used devices in studies investigating movement behaviours in young children, as 75% 
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of the studies included in this review used ActiGraph accelerometers. Popularity of the 

ActiGraph devices has been shown previously in adults (Wijndaele et al., 2015); past 

reviews have also reported on the prevalence of ActiGraph devices in use for the 

measurement of movement behaviours in children aged 0 to 5 years (Cain et al., 2013b; 

Migueles et al., 2017). To our knowledge, this is the first review to confirm that the 

ActiGraph accelerometer is the most frequently used device in children between the 

ages of 6 months and 6 years. With rapid technological advancements and growing 

interest in quantifying movement behaviour in young children, it is important that 

scoping reviews are conducted every few years to report on key methodological 

changes within the published literature. 

 An important finding from this review pertains to our observations about the specific 

model of accelerometer used. Our data extraction revealed that 18 different models of 

ActiGraph devices were reported; unfortunately, 6 articles reported models that did not 

exist (reporting error), and an additional 13 studies did not report the specific model that 

was used. Due to the variability in technical specifications such as number of axes, 

sample rate, on board filtering, calibration processes and epoch capabilities between 

models, it is essential that researchers report the specific make and model of the device 

used in their study. 

2.5.3 Device Placement  

Accelerometers measure accelerations of the body segment to which they are 

attached, therefore it is crucial to report where devices were worn. Our review showed a 

wide variety of device locations being used to capture movement in young children, 

specifically 21 different locations were reported, and 84 studies did not report where the 

device was worn. The most commonly device placement was the hip with 459 articles 

reporting this location, 147 of which reported the “hip”, 302 reported “right hip” and 10 

reported ‘left hip”. Hip placement has been the logical preference of researchers to 

capture accelerations that are representative of whole-body movement. Furthermore, 

this placement is recommended by the ActiGraph cooperation, suggesting that devices 

should be worn on the hip as this is closest to the center of mass and will produce the 

most accurate data (ActiGraph, 2019). Placement of the device on the wrist was the 

second most reported location (n = 48), with 12 studies reporting “wrist”, 5 reported “left 
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wrist”, 1 reported “right wrist”, 3 reported “dominant wrist” and 27 reported “non 

dominant wrist”. A recent shift towards wrist mounted accelerometers has occurred with 

the change in protocol for the National Health and Nutrition Examination Survey 

(NHANES) in the United States as wrist placement was chosen to increase participant 

compliance and account for arm movement that may not be captured with hip-worn 

accelerometers (NHANES, 2011; Rowlands et al., 2014). Research has shown that 

wrist placement overestimates measures of PA while, hip placement overestimates 

measures of sedentary behaviours in young children (Hislop et al., 2016). Differences in 

accelerometer outputs caused by device placement make it crucial for investigators to 

report the device placement chosen in their study. Given the wide variety of device 

placements reported in this review, future work should continue to investigate the 

comparability between outputs obtained from devices worn at different locations in 

young children. 

2.5.4 Sample Frequency 

Our review demonstrates the immediate need for increased reporting of sample 

frequency. Over 80% of the studies reviewed did not report which sample frequency 

was used in their study. While some older device models only have one sample 

frequency setting, this methodological detail should always be reported given its’ 

importance to the interpretation of human movement data (Brond & Arvidsson, 2016). 

To date, little is known about how sample frequency specifically affects accelerometer 

output acquired from young children, however Brond and Arvidsson (2016) showed that 

sample rate does affect output in ActiGraph accelerometers worn by young adults. 

Reporting sample frequency is becoming more crucial with the shift in focus towards 

machine learning and activity recognition algorithms in this field of research. Newer 

device models allow for higher sample frequencies over multiple days, thus in line with 

previous recommendations (Migueles et al., 2017), we recommend that the highest 

sample frequency possible (i.e., 90 - 100Hz) be used to capture sporadic movement of 

children and to also help decipher differences in low intensity movements. 
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2.5.5 Data Collection Protocol  

Results showed a wide variety of data collection protocols being used and further 

highlighted the variability of contexts during which movement behaviours can be 

captured by accelerometers (i.e., preschool childcare/waking hours/24 hours). The most 

common wear period reported was for 7 days, 24 hours/day. Many large-scale studies 

have adopted this protocol (Colley et al., 2019; Katzmarzyk et al., 2013; NHANES, 

2011), and wear compliance has been shown to be higher in studies using a 24 hour 

versus waking hours only protocols (Tudor-Locke et al., 2015). Additionally, with the 

recent development of 24-hour movement guidelines for physical activity, sedentary 

behaviour, and sleep in young children (Tremblay et al., 2017; World Health 

Organization, 2019), the use of 24-hour protocols is likely to increase. Therefore, 

researchers are urged to continue reporting the details regarding data collection 

protocols that were used, and it is further recommended that if 24-hour protocols are 

used, methods regarding the processing steps taken to remove period of sleep should 

be accurately reported. Additionally, all details of the chosen measurement protocol (i.e. 

number of measurement days, repeated measurements, time and place of 

measurement) should be accurately reported and justified for the proposed research 

question. 

 

Posteriori decisions 

2.5.6 Epoch duration 

The release of newer models of accelerometers has facilitated increased user 

selection choice for epoch duration. Our results found that 15 second epochs were the 

most reported (n = 329), followed by 60 second epochs (n = 130) and 5 second epochs 

(n = 56). Vale et al. (2009) demonstrated that 5 second epochs resulted in significantly 

higher amounts of MVPA compared to 60 second epochs in preschool-aged children 

and Nettlefold et al. (2016) concluded that measures of MVPA, LPA and sedentary 

behaviour differed with the use of 15 and 60 second epochs in children 8 – 11 years old. 

However, both studies used early models of the ActiGraph device (uniaxial models 7164 

and GT1M), therefore newer research is needed to investigate the differences in the 
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output of next generation (i.e., triaxial) accelerometers when different epochs are used. 

Shorter epochs have been suggested as they facilitate the capture of the sporadic 

movements of children in this age group (Jimmy et al., 2013; Kahan et al., 2013), and 

we also recommend that shorter epoch durations be used (i.e. 1 second, 5 second and 

15 second), and also would like to encourage researchers to always report the epoch 

duration used in their analyses. Additionally, if separate epochs were used for 

downloading and analysing accelerometer data (i.e., downloaded in 5 second epochs 

then reintegrated into 15 second epochs), these details should be reported and 

accompanied by details regarding how reintegration was completed. 

Results from the frequency sub analysis revealed that studies with numerous 

publications have a large impact on the representation of certain epoch durations within 

the literature. For example, 15 second epoch duration was reported a total of 329 times 

from all studies included in this review, 108 of these citations came from 14 studies 

using the same methods/data set. If each of these studies were only counted once 

instead of counting all the publications stemming from these original projects, then the 

number of times that 15 seconds epochs were used would decrease to 235. Given the 

impact that epoch duration can have on movement data, we would encourage 

researchers to carefully consider which epoch duration is most appropriate for their 

research questions and study population and not simply choose the “most popular” 

epoch duration.  

2.5.7 Cutpoints/ PA intensity classification 

Our results found an abundance of different cutpoints cited for quantifying 

accelerometer data from children into specific intensities (SED, LPA, MVPA). Of studies 

using the ActiGraph devices, 41 different cutpoints were reported. Of these, the Pate et 

al. (2006) cutpoints were the most frequently reported and surprisingly 44 studies did 

not report which cutpoint was used. For studies using Phillips Respironics, 14 different 

cutpoints were cited, of which the Pfeiffer et al. (2006) cutpoints were the most cited; 18 

studies did not report which cutpoint was used. Only 5 different cutpoints were reported 

in studies using Cambridge Neurotechnology devices, of which the De Bock et al. 

(2010) and the Pate et al. (2006) cutpoints were the most reported. It is important that 

the original cutpoint calibration/validation study is referenced when using a specific 



 

 46 

cutpoint to ensure readers have easy access to that information. Reporting practices 

concerning cutpoints should involve reporting values for all thresholds used in the study 

and the values reported should align with the epoch used in the study. For example, if 5 

sec epochs were used, counts should be reported as 30 counts/5 sec. Additionally, the 

software that was used to apply cutpoints should be mentioned as certain software 

programs have specific processing techniques. For example when applying cutpoints 

within the ActiLife software to non-60 second epoch files, each epoch is multiplied by 

the value required to equal 60 seconds, as all cutpoints are based on 60 second epochs 

within the software (https://actigraphcorp.force.com/support/s/article/How-are-Cut-

Points-Calculated). Thus, if 15 second epochs were used, all counts obtained in each 

15 second period would be multiplied by 4, and counts based on 60 second epochs 

would then be applied to the data. As open-source software and coding techniques 

become more frequently used in this field of research, it is increasingly important that 

the details regarding the choice of cutpoint used, and how they are applied to the data, 

are thoroughly reported.  

Results from the frequency sub analysis revealed that studies with numerous 

publications have a large impact on the representation of specific cutpoints within the 

literature. For example, the Evenson et al. (2008) cutpoints were cited a total of 110 

times out of 627 studies included in this review; 68 of these citations came from 12 

studies using the same methods/data set. If each of these studies were only counted 

once instead of all the publications stemming from the same original project, then the 

number of times the Evenson et al. (2008) cutpoints were cited would decrease to 54 

citations. Although this did not impact the ranking of the most popular cutpoints, it does 

show that numerous publications stemming from a limited number of original studies 

have a large representation in the literature. Subsequently, we reiterate our 

recommendation that researchers should choose the cutpoints or methods for 

classifying accelerometer data into different movement behaviours based on what is 

most appropriate for their research questions and not based on what is most frequently 

reported in the literature.  

The severe lack of consistency in use of cutpoints is concerning as numerous 

studies have shown that the application of different cutpoints can significantly impact the 
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amount of time spent in different intensities quantified from accelerometer data (Hislop 

et al., 2012; Janssen et al., 2013; van Cauwenberghe, 2011) and can, in turn, impact 

reports on the number of children meeting PA guidelines (van Cauwenberghe, 2011). 

Clearly, accurate reporting of cut points used and how they were applied to the data will 

provide clear and consistent interpretation of accelerometer results. 

2.5.8 Non-wear time definition 

Results from our review indicated that numerous definitions are being used to 

determine non-wear times. Specifically, 18 different non-wear time definitions were 

reported, of which the most reported was “20 minutes of consecutive zero counts” (n = 

150), followed closely by “60 minutes of consecutive zero counts” (n = 120). 

Additionally, a total of 203 studies did not report how non-wear time was defined in their 

analysis. Reviews by both Cain et al. (2013b) and Migueles et al. (2017) also found that 

definitions of non-wear time was often not reported. This is crucial as non-wear time 

misclassified as wear time could result in an overestimation of sedentary behaviour, 

therefore researchers need to know how non-wear time was defined. 

2.5.9 Inclusion criteria 

Our scoping review demonstrated that there is a wide variety of definitions of a valid 

day as well as the number of days required for inclusion in analyses.  Of the studies 

conducted in a free-living environment, 42 different definitions of a valid day were 

reported as well as a range of 1 to 7 valid days required to meet inclusion criteria. 

Additionally, 133 studies did not report their definition of a valid day and 131 of those 

studies did not report how many valid days were needed. The most frequently used 

inclusion criteria for free-living studies was “greater than or equal to 10 hours per day for 

a minimum of 3 days” (n = 48), followed closely by “greater than or equal to 6 hours per 

day for a minimum of 3 days” (n = 41). Penpraze et al. (2006) found that an inclusion 

criterion of 7 days, 10 hours per day resulted in the highest reliability and increased 

days of monitoring for increased hours resulted in increased reliability up to 10 days in a 

sample of young children. However, good reliability (>70%) was found for monitoring 

periods between 3 and 10 hours as long as 5 or more days was required (Penpraze et 

al., 2006). Additionally, those authors concluded that increased reliability was more 
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dependent on the number of valid days than the number of hours in a valid day 

(Penpraze et al., 2006). More recently, Byun et al. (2015) found that 6 – 9 days of 

monitoring were needed to achieve an Interclass Correlation coefficient (ICC) of greater 

than or equal to 0.8 when investigating sedentary behaviour in preschool aged children. 

Consequently, that study showed that only 2 -4 days of monitoring was required to 

achieve the same ICC when measuring sedentary behaviour in a school setting (Byun 

et al., 2015). 

A unique component of our review is the distinction of inclusion criteria reported by 

studies conducted in a free-living environment and in a preschool or childcare 

environment. For studies conducted in a preschool/childcare environment, 17 different 

definitions of a valid day were reported with inclusion criteria ranging from 1 to 5 valid 

days. All studies conducting in this unique environment reported the valid day definition 

and only 4 studies did not report how many days were required for inclusion.  

 As the required inclusion criteria can affect the reliability of PA and sedentary 

behaviour estimates, it is important that reported inclusion criteria are detailed, which 

will also better inform other researchers when designing their analysis plans.  

2.5.10 Strengths/Limitations 

There are certain limitations of this review that should be noted. The first of which 

is the exclusion of studies using certain devices such as pedometers, ActivPal and 

commercial devices (i.e. Fit Bits). These devices were excluded as they provide outputs 

in the form of steps or time spent in certain postures and very little is known about the 

processing steps in these devices as most algorithms are proprietary.  Given the sheer 

volume of articles included in this review, further separate reviews may be needed for 

those devices.  The wide age range of studies included in this review renders making 

specific recommendations for children outside of our age range of interest (between 6 

months and under 6 years) inappropriate. Additionally, we did not report on methods 

used to removed sleep periods from accelerometers as this was poorly reported in 

many articles.  

  The strengths of this review include the large number of studies included a 

thorough overview of the literature published in the last 10 years within this area of 



 

 49 

research has been captured. The inclusion of multiple devices and models provides 

more information to a broader group of researchers. Additionally, the frequency sub 

analysis conducted in this review highlighted the effect that large studies with multiple 

publications can have on the literature in this field of study. 

2.5.11 Recommended reporting practices 

The most obvious result from this review is the large volume of methodological 

details that were not reported in published (peer-reviewed) research. This observation 

was also made in a recent review conducted by Migueles et al. (2017), and our findings 

confirm that the lack of reporting important details has not improved over the past few 

years. These results formed the basis for the following list of recommend details tobe 

reported in any study using accelerometers quantifying movement behaviours in young 

children: 

1. We recommend that the make and model of the device used be reported.  
Rationale: Technological advances and increasing popularity have led to 

multiple generations of devices produced from the same manufactures. 

With each new model, upgrades in technical specifications and processing 

techniques compromise the comparability with previous models, meaning 

the appropriate model must be reported to allow researchers to make 

appropriate interpretations. 

2. We recommend that the device placement be reported. 
Rationale: Newer accelerometers can be worn on multiple locations of the 

body, which in turn will impact how the data acquired should be 

processed. Thus, the device placement should be accurately reported, 

with any necessary details (left, right, dominant, non-dominant, etc.) 

3. We recommend that Sample Frequency be reported. 
Rationale: As certain devices allow users to select a sample rate from 

numerous options, we strongly recommend that sample frequency be 

reported. As sample frequency has been shown to affect count outputs 

from ActiGraph accelerometers (Brond & Arvidsson, 2016), and as 

research using raw acceleration data becomes increasingly popular thus 
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converging engineering, biomechanics and health science fields, this 

methodological detail should always be reported. 

4. We recommend that if using a cutpoint, the original calibration study 
should be cited and the actual cutpoint values used be reported.  

Rationale: With a plethora of cutpoint options available, it is essential that 

the original validation study be cited. Additionally, as researchers apply 

cutpoints to various epochs, the specific cutpoint values applied to the 

chosen epoch data should be reported. This also highlights the 

importance of reporting the software used during analysis as certain 

software programs; for example, Actigraph may complete this process 

differently than manually coded programs.  
5. We recommend that researchers report the definition of non-wear time 

used to identify and remove periods of time when the device was not worn. 
Rationale: Multiple algorithms have been developed to detect periods of 

non-wear however, to our knowledge, no such algorithm has been 

developed and validated for use in young children. As researchers have 

used a wide variety of non-wear time definitions and reporting specific 

details, including citations of specific algorithms is strongly advised.   

2.6 Conclusions 

There is a large abundance of studies using accelerometers to capture and 

analyse movement data from young children. Collectively, researchers in this area of 

study need to enhance reporting practices to increase transparency and allow scientists 

to be better informed when making methodological decisions for analysing children’s 

accelerometer data. 
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Chapter 3. Study 2 ActiGraph cutpoints impact physical 
activity and sedentary behaviour outcomes in young 
children 

 

3.1  Abstract  

Background: The purpose of this study was to examine the effect of ten cutpoints on 

the amount of time children spend in different intensities and on the proportion of 

children meeting physical activity (PA) guidelines. 

Methods: 262 children (3.6 ± 1.4 years, 126 male) wore ActiGraph wGT3X-BT 

accelerometers on their right hip for 7 days, 24 hrs/day. Ten cutpoints were applied 

using ActiLife software within age-appropriate categories. Resulting times in sedentary 

behaviour, light PA, moderate-to-vigorous PA, and total PA, were compared using 

repeated measures ANOVAs. The proportion of children meeting age-appropriate PA 

guidelines based on each cutpoint was also assessed using Cochran’s q tests. 

Results: Significant differences in time spent in each intensity were found across all 

cutpoints except for time in sedentary behaviour and total PA for three comparisons 

(Trost vs Butte VA; Pate vs Puyau; and Costa VA vs Evenson) and for time in MVPA for 

four comparisons (Trost vs Pate; Trost vs Pate & Pfeiffer; Pate vs Pate & Pfeiffer and 

Van Cauwenberghe vs Evenson). When examined within age-appropriate groups, all 

cutpoints resulted in significant differences across all intensities and in the number of 

children meeting PA guidelines.  

Conclusion: Choice of cutpoint applied to data from young children significantly affects 

times calculated for different movement intensities which in turn impacts the proportion 

of children meeting guidelines. Thus, comparisons of movement intensities should not 

be made across studies using different cutpoints. 
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3.2 Introduction 
During early childhood, physical activity (PA) provides numerous health benefits 

including improved cardiometabolic health indicators and decreased adiposity 

(Timmons et al., 2012). Despite these benefits, children continue to spend most of their 

time engaging in sedentary behaviour (SED) (Reilly, 2010). In Canada, specific PA 

guidelines have been developed for children 1 – 2-years, 3 – 4-years (Tremblay et al., 

2017), and children 5 – 17-years-old (Tremblay et al., 2016) to encourage increased PA 

and reduced SED time. To determine if children are meeting guidelines, an objective 

measurement of free-living PA is needed. 

Accelerometers are wearable devices that measure accelerations of the body 

part to which they are attached with minimal inconvenience. Data can be downloaded 

as ‘activity counts’, summed over a user specified period (epoch) and divided into 

intensities of movement such as SED, light PA (LPA), moderate-to-vigorous PA (MVPA) 

and total PA (TPA) by applying cutpoints derived from calibration studies using criterion 

measures (i.e. VO2 or direct observation) within specific age ranges (Butte et al., 2014; 

Costa et al., 2014; Evenson et al., 2008; Freedson et al., 2005; Pate et al., 2006; 

Pulsford et al., 2011; Puyau et al., 2002; Sirard et al., 2005; Trost et al., 2012). 

Technological advances coupled with rising interest in childhood obesity has resulted in 

a plethora of research in this area causing large methodological inconsistencies and an 

overwhelming number of choices researchers must face when analysing accelerometer 

data (Burchartz et al., 2020; Cliff et al., 2009; Migueles et al., 2017).  

The term ‘cutpoint non-equivalence’ has emerged in the literature and defines the 

issue caused by the extensive variety of cutpoints available for classifying 

accelerometer data into different intensities, which severely hinders comparability 

across studies (Bornstein et al., 2011). This is a prevalent issue among studies using 

ActiGraph accelerometers as they are the most frequently used devices (Migueles et 

al., 2017) with a large number of available cutpoints (Butte et al., 2014; Costa et al., 

2014; Evenson et al., 2008; Freedson et al., 2005; Pate et al., 2006; Pfeiffer et al., 2009; 

Pulsford et al., 2011; Puyau et al., 2002; van Cauwenberghe, 2011).  Previous studies 

using ActiGraph devices have shown that the use of different cutpoints yields 

differences in the amount of time in MVPA, LPA and SED (Costa et al., 2014; Leeger-
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Aschmann et al., 2019; van Cauwenberghe, 2011) and that this can affect the number 

of children meeting PA guidelines (van Cauwenberghe, 2011). At present, few studies 

have examined the effect of various cutpoints on all movement intensities including total 

PA (TPA). Additionally, in the literature, cutpoints developed using a specific age range 

are commonly applied to accelerometer data acquired from children outside of this age 

range (Gutierrez-Hervas et al., 2020; Määttä et al., 2020). Little is known about how this 

practice may impact the calculations of PA intensities and in turn how this impacts our 

ability to use accelerometer data to determine if a child is meeting PA recommendations 

for their age group. 

Therefore, we aimed to examine differences in minutes spent in SED, LPA, 

MVPA and TPA when ten different cutpoints were applied to data derived from hip-worn 

accelerometers in 1.5 – 6-year-old children (Aim 1). A secondary aim was to examine 

these differences when cutpoints were only applied to the portion of the sample within 

the specific age range for which the cutpoints were originally validated (Aim 2). Finally, 

we examined how different cutpoints alter the proportion of children meeting Canadian 

PA guidelines (Aim 3). For Aim 1, we hypothesized that all cutpoints would produce 

significant differences in time spent in all intensities and that the lowest differences 

would occur in the amounts of time spent in TPA. For Aim 2, we hypothesized that a 

significant difference in time spent in all intensities would be observed within all age 

groups. Lastly, we hypothesized that the proportion of children meeting PA guidelines 

would vary significantly between cutpoints. 

 

3.3 Methods 

3.3.1 Study population and protocol 

This study analysed baseline data of children between 1.5 and 6 years-old who 

were enrolled in Guelph Family Health Study (GFHS). The GFHS is a longitudinal, cohort 

study that seeks to test the effectiveness of a family-based, health promotion intervention 

and to identify early life risk factors for obesity and chronic disease. To be eligible for the 

study, families must have at least one child between the ages of 1.5 and 6 years old and 

live within Guelph or surrounding area. Parents reported that children were typically 
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developing with no known health concerns at the time of testing. Parents provided 

informed written consent for their children’s participation while children provided verbal 

assent and the study was approved by the University Research Ethics Board (REB# 17-

07-003).  

There were a total of 246 families enrolled in the GFHS including 322 children; 

baseline data was collected between August 2017 and March 2020. A total of 40 

children refused to wear the accelerometer and 3 children were excluded due to device 

initialization errors. Additionally, 14 children wore the device, but parent log sheets were 

not competed; upon visual inspection of the data these participants were removed due 

to suspected undocumented device removal times. Three children did not meet wear 

time criterion resulting in a total of 262 children who were included analyses. 

3.3.2 Anthropometrics 

Children’s height and weight were measured by trained study staff. Children were 

fully clothed (without shoes) for height measurements (ShorrBoard ® Pediatric 

Measuring Board; Weigh and Measure, LLC, Maryland, USA) and were instructed to 

stand straight and look forward (or lie down and look up at the ceiling). Two 

measurements were taken to the nearest 0.1 cm and the average of both 

measurements was recorded. Weight was measured using a calibrated BOD POD® 

(NIFS, Indiana, USA) scale and recorded to the nearest 0.001 Kg. BMI z-score for age 

was calculated using the R software version 4.0.2 (R Core Team, 2017) package 

“zscorer” (Myatt & Guevarra, 2019). 

3.3.3 Accelerometer data 

Physical activity was measured by ActiGraph wGT3X-BT accelerometers 

(ActiGraphTM, Pensacola, FL) initialized at a sample rate of 100 Hz, with the idle sleep 

mode enabled to preserve battery life. Devices were secured over the right iliac crest with 

an elastic band and children were asked to wear the accelerometer for 7 days, 24 hours 

per day. Parents were instructed that the device was only to be removed for water-based 

activities such as swimming or bathing and were asked to fill in a log sheet to track 

removal times and sleep/wake periods. 
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3.3.3.1 Removal of non-wear times 

All accelerometer data was analyzed using ActiLife Software version 6.13.1 

(ActiGraph, 2012). Data were first downloaded in 1 second epochs with the normal filter 

enabled. Periods of non-wear time were identified and removed using the algorithm 

defined by Choi et al. (2011). Parameters for this algorithm were set to identify nonwear 

time as any 1 minute interval with consecutive zero counts for greater than or equal to 

60 minutes, with allowance for a 2 minute interval of non-zero counts during 30 minutes 

upstream and downstream (Choi et al., 2011). This algorithm has been validated in 

youth and adults aged 10-67 years (Choi et al., 2011); to our knowledge, no current 

consensus exists in the literature regarding the preferred algorithm for study populations 

including young children, in fact this information is often not reported in published 

papers (Cain et al., 2013a; Migueles et al., 2017). Subsequently, data were visually 

inspected, and cross checked with the parent reported log sheets to identify and remove 

exact non-wear times and daytime napping periods from the data using the log diary 

function in the scoring tab of the ActiLife software. 

3.3.3.2 Removal of Overnight Sleep periods 

For each participant, a second file was downloaded in 60 second epochs with the 

low frequency extension feature selected for processing of sleep data. This option 

lowers the amplitude threshold, thereby allowing lower amplitude movements to be 

included in the acceleration signal (ActiGraph, 2018), and has been suggested to 

increase sensitivity when detecting sleep periods  (Coyle-Asbil et al., 2020; Tudor-Locke 

et al., 2014). These files were then analysed using the Sadeh et al. (1994) to identify 

sleep/wake states and the Tudor-Locke et al. (2014) algorithm was used to detect sleep 

periods. The sleep/wake times identified using the Sadeh and Tudor-Locke algorithms 

were subsequently, cross checked with the parental reports and the data were visually 

inspected. These times were then added to the log diary function in the scoring tab of 

the software to remove overnight sleep periods from the data.   
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Table 3.1: Summary of cutpoint calibration studies from hip-worn ActiGraph devices and resulting cutpoints used  

Authors Population Device Protocol Criterion 
Cutpoints 

SED LPA MVPA 

Trost et al 2012 
16 – 35 mo 

N= 22 

• GT1M 
• 30Hz 
• 15s epochs 

• 20 mins videotaped free-play session  
• CARS scoring SED: <2, LPA:2.0 -2.99, MVPA: >=3 
• Weighted average = CARS score * percent of 15s interval spent in that 

activity code and summing the products 

• Modified CARS  
• 4 levels 

• Weighted average 
over 15s 

≤195 196 – 1672 1673+ 

Costa et al (2014) 
VA 

 
Costa et al (2014) 

VM 

24 – 47 mo 

N = 18 

• GT3X+ 
• 80 Hz, LFE 
• 5s epochs 

• videotaped semi-structured sessions based on CARS activities 
• 20 – 30 mins 
• CARS scoring SED:<2, LPA:>2- <4, MVPA: >=4 

• CARS 
• Averaged over 5s  

 

≤60 61 – 1979 1980+ 

≤ 1153 1154 – 4342 4343+ 

Van Cauwenberghe 
(2011) 

4 – 6 yrs 
N = 18 

• GT1M 
• 30 Hz 
• 15s epochs 

• sitting & standing, listening to story, seated drawing (3 mins each) 
•  walking & jogging on treadmill at 7 speeds (3 mins each?), outside 

walk at a self-selected pace (10mins) 
• A free play session (20 mins) was also included 

• CARS 
• Averaged over 15s ≤1491 1492 – 2339 2340+ 

Pate et al 
(2006) 

 
Pate&Pfeiffer et al 

(2009) 

3.3 – 5.9 yrs 
N= 29 

 

• 7164 
• 10 Hz 
• 15s epochs 

 

• Reclined sitting watching TV (10 mins) 
• Researcher paced walk @2mph, 3mph & jog @4mph (5 mins each) 
• Cutpoint for MVPA identified via visual inspection of VO2 values for 

slow walking, brisk walking, + jogging.  
• LPA and SED cutpoints added later by author discretion 

• Indirect Calorimetry 
 

≤799 800 - 1679 1680+ 

≤151 152 – 1679 1680+ 

Butte et al (2013) VA 
 

Butte et al (2013) VM 
 

3.1 – 5.9 yrs 
N= 50 

• GT3X+ 
• 30 Hz 
• 15s/60s 

epochs 

• Watching TV, colouring, video games, playing with child toys, dancing, 
performing aerobics, running in place, napping.  

• In between scheduled PA, children were given “free time” to engage in 
light activities of their choice.  

• Room calorimetry & 
HR  

• Min-by-min 
observations 

≤239 240 – 2119 2120+ 

≤819 820 - 3907 3908+ 

Puyau et al 
(2002) 

6 – 16 yrs  
N=26 
 

• 7164 
• 10 Hz 
• 60s epochs 

• SED: Nintendo, arts & crafts, playtime (20 mins each) 
• LPA: Aerobic warmup, treadmill walk @ 2.5 mph (10 mins each) 
• MPA: Tae Bo (10 min), Playtime (basketball, hula hoop, bouncing ball, 

paddleball, tossing ball, darts, a jumping jacks) (20 min), treadmill walk 
@3.5mph (6 -7-year-olds) (10 min) 

• VPA: jogging @ 4.5mph (6 -7-year-olds) (10 mins) 
• Self-paced jump rope, walk, skip, jog, soccer outdoors (3-5 min) 

•  Room calorimetry 
(6 hrs) 
 

≤799 800 - 3199 3200+ 

Evenson et al 
(2008) 

5.1 – 9.0 yrs 
N= 33 
 

• 7164 
• 10Hz 
• 15s epochs 
 

• SED: rest, movie, colouring                   
• LPA: slow treadmill walk @ 2 mph 
• MPA: Paced stair climbing, basketball, brisk treadmill walk @3 mph 
• VPA: bicycling, jumping jacks, treadmill running. @ 4 mph 
• All performed for 7 min, data from mins 3 -6 analysed 

• Indirect Calorimetry 
 

≤100 101 – 2295 2296+ 
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3.3.3.3 Cutpoint analyses 
After non-wear times, daytime naps and overnight sleep times were identified 

and removed from the data, only children who had a minimum of 360 mins (6 hours) of 

valid wear time per day for a minimum of 3 days were included in the next stage of our 

analyses. This inclusion criterion was chosen to maximize the total number of children 

included in this analysis from our study cohort and has been previously used (Bammann 

et al., 2011) and shown to produce adequate reliability (Penpraze et al., 2006).  After 

inclusion criterion was met, ten different cutpoints were applied to the 1 second epoch 

files to determine the average amount of time spent in SED, LPA, MVPA and TPA.  

These cutpoints were chosen as they have all been calibrated and validated in child 

populations using ActiGraph devices worn on the hip; a summary of each of these 

cutpoints and the corresponding calibration study is provided in Table 3.1. For 

calibration studies that published cutpoints validated using both the vertical axis (VA) 

and vector magnitude (VM)(Butte et al., 2014; Costa et al., 2014) both VA and VM 

cutpoints were applied to the appropriate axis by selecting the “VM” option in the 

software when applying VM cutpoints; where appropriate we ensured that the “VM” 

option was not selected for cutpoints validated using VA data. Cutpoint values that were 

not already presented as options in the ActiLife software were scaled up to 60 second 

values and manually entered into the software. Note that the Pate cutpoint values 

offered in ActiLife (https://actigraphcorp.force.com/support/s/article/What-s-the-

difference-among-the-Cut-Points-available-in-ActiLife) for LPA and SED do not match 

values that have been cited in the literature (Pfeiffer et al., 2009). Although both the 

software and Pfeiffer et al. (2009), cite the same calibration study (Pate et al., 2006), 

that study does not include cutpoint values for SED and LPA, therefore it is possible that 

these values were determined using author discretion. To quantify the differences 

caused by these discrepancies, the Pate cutpoints offered in ActiLife (Pate et al., 2006) 

and those cited by Pfeiffer et al. (2009) (Pate & Pfeiffer) were included in this analysis. It 

is important to note that when applying cutpoints within the ActiLife software to non-60 

sec epoch files, each epoch is multiplied by the value required to equal 60 seconds, as 

all cutpoints are based on 60 second epochs within the software 

(https://actigraphcorp.force.com/support/s/article/How-are-Cut-Points-Calculated). 
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Therefore, for the current analyses, all count values obtained for each 1 second epoch 

would have been automatically multiplied by 60 and then classified as either SED, LPA 

or MVPA based on the specific cutpoint applied.  

Data was then exported in .csv format, since not all cutpoints have thresholds for 

MPA and VPA, only SED, LPA and MVPA were exported. TPA was calculated by 

adding LPA and MVPA. Data from all valid days (range from 3 to 9) was then 

aggregated to obtain the mean amount of time spent in SED, LPA, MVPA and TPA for 

each subject. For Aim 1 of this study, all cutpoints were applied to all participants. Due 

to the rapid changes in development during the early years, physical activity patterns 

are likely age dependent, which suggests that accelerometer output could be age 

dependent (Oliver et al., 2007). Recently, it has been recommended to use different 

cutpoints for different age ranges during the early years (Migueles et al., 2017). 

Therefore, to address Aim 2 of the study, subjects were divided into three age groups. 

Children aged 1.5 to 2 years were categorized as Toddlers ( n=96) and the Trost (Trost 

et al., 2012), Costa VA and Costa VM (Costa et al., 2014) cutpoints were applied to 

children in this group as these cutpoints were developed on children as young as 1-2 

years old. The remaining children aged 3 to 6 years were placed in the Preschoolers 

group (n = 166). The Van Cauwenberghe (van Cauwenberghe, 2011), Pate (Pate et al., 

2006), Butte VA (Butte et al., 2014), Butte VM (Butte et al., 2014) and the Pate & 

Pfeiffer (Pfeiffer et al., 2009) cutpoints were applied to children in the Preschoolers 

group as these cutpoints were generally developed on children between the ages of 3 

and 6 years. Due to the rapid development and changes in motor skills between the 

ages of 3 – 6 years (Branta et al., 1984; Dosman et al., 2012), a subsample was 

created from the preschoolers group of children aged 5 – 6 years old (n = 45). The 

Puyau (Puyau et al., 2002) and the Evenson (Evenson et al., 2008) cutpoints were 

applied to children in this subsample, called the School Aged group, as they were 

developed using populations that included children 5 or 6 years and older. For Aim 3 of 

this study, children were labelled as having met the PA guidelines if their average time 

spent in MVPA or TPA satisfied the Canadian recommendations for their age group. 

Subsequently, children aged 1 to 2-years-old were labelled as having met the guidelines 

if they achieved an average of at least 180 mins of TPA with at least 1 minute of TPA 



 

59 
 

(Lee et al., 2017; Tremblay et al., 2017). Children 3 to 4 years old were labelled as 

having met the guidelines if they recorded an average of at least 180 mins of TPA with a 

minimum of 60 mins of MVPA (Tremblay et al., 2017). Finally, children aged 5 and 6 

years old were labelled as having met the guidelines if they achieved an average of at 

least 60 mins of MVPA (Tremblay et al., 2016).  

3.3.4 Statistical Analysis 

Descriptive statistics were first calculated to describe the study participant’s 

characteristics in terms of proportions, means and SDs. The mean minutes per day 

spent in SED, LPA, MVPA and TPA were then calculated twice, first using all cutpoints 

for the entire study sample population (Aim 1), and second using age appropriate 

categorical cutpoints (Aim 2). Four different 1-way repeated measures ANOVAs were 

conducted with “cutpoint” as the within subject factor and PA intensity (SED, LPA, 

MVPA and TPA) as the dependent variable (Aim 1). For aim 2, four different 1-way 

repeated measures ANOVAs were conducted for each intensity within three age 

groups: Toddlers, Preschoolers and School Aged for a total of 12 different 1-way 

repeated measures ANOVAs. 

Cochran’s q tests were conducted to investigate differences in the proportion of 

children meeting age-appropriate PA guidelines for data following the application of age 

appropriate cutpoints within each age group (Aim 3). As this statistical test assumes that 

all participants are not related, any siblings that were within the same age group were 

identified and the younger (or in the case of twins, the second sibling) was removed. In 

the Toddler group, 3 siblings were excluded resulting in a new sample size of 93, 23 

siblings were identified and removed from the Preschoolers group reducing the sample 

size to 143 and in the School Aged group, 2 siblings were excluded reducing the 

sample size to 43.  Post hoc testing was conducted with McNemars tests to analyse 

pairwise comparisons of the number of children meeting guidelines according to each 

cutpoint within each age group. All statistical testing was completed in SPSS version 26 

(IBM Corp, Armonk, New York); test assumptions were verified, and corrections were 

applied, where necessary. The level of significance was set at the p < 0.05 level. 
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3.4 Results 

Descriptive statistics for age, anthropometry, ethnicity, and household income for 

the final study sampled for Aims 1 and 2 are reported in Table 3.2.  

 

Table 3.2: Characteristics of study population for the entire sample population (N =262) 
and by age group to address Aims 1 and 2. 

a Sample used for determining whether children aged 3 to 4 years olds met the PA guideline of ≥ 180mins 
of TPA with ≥60 mins of MVPA 

b Sample used for the portion of the analysis that divided the sample into age categories to apply age- 
appropriate cut points. Note that this sample contains the same children that were included in the 
Preschoolers, 3 to 4 years and the School Aged, 5 to 6-year group in this table. 

 
 
3.4.1 Aim 1 Effect of cutpoint on the entire sample 

Figure 3.1 illustrates mean amount of time (mins) spent in SED, LPA, MVPA and 

TPA for all subjects calculated using all included cutpoints and how the amount of time 

spent in each intensity varies depending on what set of cutpoints is applied to the data. 

The Van Cauwenberghe (van Cauwenberghe, 2011) cutpoints resulted in the largest 

amount of time spent in SED (614.7 mins) and the least amount of time in TPA (98.9 

mins) while the Butte VM (Butte et al., 2014) cutpoints resulted in the smallest amount 

of time spent in SED (437.2 mins) and the largest amount of time in LPA (176.4 mins), 

 Everyone Toddlers Preschoolers School – Aged 
 (N =262) (1 – 2 yrs) 

(N = 96) 
(3 – 4 yrs) a 

(N =121) 
(3 – 6 yrs) b 

(N =166) 
(5 – 6 yrs) 

(N= 45) 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Age (years) 3.6 (1.3) 2.2(0.4) 3.9 (0.6) 4.4 (0.9) 5.6 (0.3) 
Height (cm) 99.3 (10.2) 88.3 (5.0) 101.7 (5.7) 104.7 (7.3) 112.7 (4.7) 
Weight (kg) 15.9 (3.3) 13.0 (1.7) 16.6 (2.2) 17.6 (2.9) 20.2 (2.8) 
BMI zscore for age  0.56 (1.0) 0.86 (1.1) 0.44 (0.84) 0.40 (0.9) 0.32 (1.1) 
Valid Wear Time 
(mins /day) 

714.2 (72.1) 681.4 (75.6) 727.6 (57.2) 733.2 (62.9) 748.2 (74.8) 

Sex (n)      
Male 126 40 60 86 26 
Female 136 56 61 80 19 

Ethnicity (n)      
White 192 78 85 114 29 
Other 70 18 36 52 16 

Household income (n)      
Did not answer 10 2 6 8 2 
<$100,000 122 45 53 77 24 
$100,00+ 130 49 62 81 19 



 

61 
 

MVPA (100.7 mins) and TPA (277 mins). Repeated measures ANOVAs with a 

Greenhouse-Geisser correction showed a significant effect of cutpoint on the amount of 

time spent in SED (F(1.74, 455.19) = 6035.84, p = <0.001, η2 = 0.96), LPA (F(1.79, 

468.12) = 6577.54, p = <0.001, η2 = 0.96 ), MVPA (F(1.88, 489.81) = 2633.43, p = 

<0.001, η2 = 0.91) and TPA (F(1.68, 438.93) = 6151.27, p = <0.001, η2 = 0.96) 

(Supplementary Table 3.3). Post hoc comparisons using a Bonferroni correction 

revealed a significant difference for time spent in all intensities across all cutpoints, with 

a few exceptions. Pairwise comparisons for time spent in SED revealed that the Trost 

(Trost et al., 2012) vs Butte VA (Butte et al., 2014) cutpoints and the Pate (Pate et al., 

2006) vs Puyau (Puyau et al., 2002) cutpoints produced identical results (515.1 mins 

and 574.9 mins, respectively) and there was no significant difference between the Costa 

VA (Costa et al., 2014) and Evenson (Evenson et al., 2008) cutpoints (500.9 mins vs 

501.3 mins; p = 1.00). For time spent in MVPA, pairwise comparisons showed that the 

Trost (Trost et al., 2012) , Pate (Pate et al., 2006) and Pate & Pfeiffer (Pfeiffer et al., 

2009) cutpoints all produced identical times (90.7 mins); the Van Cauwenberghe (van 

Cauwenberghe, 2011) vs Evenson (Evenson et al., 2008)  cutpoint comparison also 

revealed no significant differences (67.08 mins vs 67.13 mins; p=1.00). Pairwise 

comparisons for time spent in TPA revealed that the Trost (Trost et al., 2012) vs Butte 

VA (Butte et al., 2014) cutpoints and Pate (Pate et al., 2006) vs Puyau (Puyau et al., 

2002) cutpoints produced identical times (199.1 mins and 139.3 mins, respectively); 

there was no significant difference between  Costa VA (Costa et al., 2014) and Evenson 

(Evenson et al., 2008) cutpoints (212.7 mins vs 212.9 mins; p = 1.00). Additionally, 

differences were found in all intensities between the Costa VA and Costa VM (Costa et 

al., 2014) and between the Butte VA and Butte VM (Butte et al., 2014) cutpoints. 
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Figure 3.1: Calculated average minutes per day (total of 714.2 minutes of valid 

wear time) spent in SED, LPA, MVPA and TPA according to the ten 
different ActiGraph cutpoints examined. Cutpoints were applied to the 
entire cohort for Aim 1 of our study analysis. 

 
3.4.2  Aim 2: Effect of age appropriate cutpoints on corresponding age 

categories 
 

Figure 3.2 presents mean minutes spent in each intensity when age appropriate 

cutpoints were applied to participants within the appropriate age category. Repeated 

measures ANOVAs with Greenhouse-Geisser corrections determined there was a 

significant effect of cutpoint on the amount of time spent in SED, LPA, MVPA and TPA 

within each age category. Post hoc comparisons using Bonferroni corrections showed 

significantly different times spent in all intensities across all cutpoints within all three age 

categories, with one exception. In the preschoolers age group, the Pate (Pate et al., 
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2006) and Pate & Pfeiffer (Pfeiffer et al., 2009) cutpoints produced the same amount of 

time spent in MVPA (92.44 mins); please see Supplementary Table 3.4 for details. 

 

3.4.3 Aim 3: Effect of cutpoints on the portion of children meeting PA guidelines 

 

The proportion of children meeting PA guidelines within each age category based 

on age-appropriate cutpoints is illustrated in Figure 3.3. Results from the Cochran’s q 

tests revealed that the proportion of children meeting PA guidelines was significantly 

different across all cutpoints. McNemars’s tests with Bonferroni corrections for multiple 

testing were then applied to assess all pairwise comparisons in the Toddler and 

Preschoolers age groups. These pairwise comparisons indicated significant differences 

in the proportion of children meeting PA guidelines within the Toddler and Preschoolers 

age groups for all comparisons. The McNemar’s test also revealed a significant 

difference in the proportion of children meeting PA guidelines between the Puyau 

(Puyau et al., 2002) and Evenson (Evenson et al., 2008) cutpoints in the School Aged 

group. 
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Figure 3.2: Calculated average valid wear time minutes per day spent in SED, LPA, MVPA and TPA according to 

age-appropriate ActiGraph cutpoints applied to (A) Toddlers (N=96; total 681.4 min), (B) Preschoolers 
aged 3- 6 years (N=166; total 733.2 min) and a subsample of the preschool aged children (C) School-
aged children (N=45; total 748.2 min within the sample for Aim 2 of our study analysis. 
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Figure 3.3: Proportion of sample meeting age-appropriate guidelines for PA according to age-appropriate 

ActiGraph cutpoints applied to (A) Toddlers (n = 93), (B) Preschoolers (n = 143) and (C) School Aged 
children (n = 43) within the sample for Aim 3 of our study analysis. 
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3.5 Discussion 
Cutpoint non-equivalence has rendered field-based accelerometer cross-study 

comparisons very difficult and has also presented researchers with numerous decisions 

they must face when using accelerometers to quantify movement behaviours in young 

children. The overarching objective of this work was to inform researchers in this area of 

study how their choice of cutpoint could impact the physiological interpretation of 

accelerometer-based data. Our results found significant variations in times spent in SED, 

LPA, MVPA and TPA amongst ten different cutpoints, which are further detailed in the 

discussion.  

3.5.1 Aim 1: Effect of cutpoint on the entire sample 

Our results showed that choice of cutpoint significantly effects the amount of time 

spent in SED, LPA, MVPA and TPA (Figure 1). A few cutpoints produced identical or 

similar results, however the majority of cutpoints results in significantly different amounts 

of time spent in each intensity. With differences as large as 177.5 mins for SED, 144.6 

mins for LPA, 55 mins for MVPA and 178.1 mins in TPA, these results indicate that 

comparisons across studies using different cutpoints should be interpreted with caution. 

Our results indicate that comparability across cutpoints is dependent on the specific 

intensity of interest as there were no two cutpoints that produced similar results across 

all four intensities. Similar results have been previously reported in studies investigating 

the effect of various cutpoints on data from narrower age ranges such as 2 – 3 year olds 

(Costa et al., 2014), 3 – 5 year olds (Bornstein et al., 2011; Leeger-Aschmann et al., 2019) 

or 5 – 6 year olds (van Cauwenberghe, 2011). However, these studies made comparisons 

across just three (Costa et al., 2014) to five (van Cauwenberghe, 2011) different 

cutpoints, and only two studies reported results for all four intesnities (Costa et al., 2014; 

Leeger-Aschmann et al., 2019) with one study only comparing estimates of MVPA 

(Bornstein et al., 2011).  Pairwise comparisons suggested that the Trost (Trost et al., 

2012) and Butte VA (Butte et al., 2014), Pate (Pate et al., 2006) and Puyau (Puyau et al., 

2002) and the Costa VA (Costa et al., 2014) and Evenson (Evenson et al., 2008) cutpoints 

produced comparable times for SED and TPA. Similar times spent in MVPA were found 

between the Trost , Pate (Pate et al., 2006) and Pate&Pfeiffer (Pfeiffer et al., 2009) 

cutpoints as well as between the Van Cauwenberghe (van Cauwenberghe, 2011) and 
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Evenson (Evenson et al., 2008) cutpoints. Similar results were found by Costa et al. 

(2014); they reported that the Trost (Trost et al., 2012) and Pate (Pate et al., 2006) 

cutpoints produced the same amounts of MVPA in their sample. In our data set, all 

comparisons of time spent in LPA produced significant differences, indicating that no 

cutpoints are comparable when investigating time spent in LPA. Of particular interest is 

that times spent in SED and LPA calculated by the Pate (Pate et al., 2006) and the 

Pate&Pfeiffer (Pfeiffer et al., 2009) cutpoints were significantly different, and therefore 

authors should ensure they report exactly which version of the Pate derived cutpoints 

were used to limit confusion within the literature. It has been previously suggested that 

using data acquired from multiple axes, i.e. vector magnitude (VM), may be more 

appropriate for capturing the multidirectional nature of young children’s movement 

patterns (Leeger-Aschmann et al., 2019). However, our results showed significant 

differences across cutpoints that were developed using VM derived cutpoints from triaxial 

ActiGraph devices, indicating that even if studies both implemented VM derived cutpoints, 

comparisons should not be made across studies. Furthermore, significant differences 

were also between the Costa VA and Costa VM (Costa et al., 2014) and between the 

Butte VA and Butte VM (Butte et al., 2014) cutpoints even though these cutpoints were 

developed using identical protocols during the same calibration studies. 

3.5.2 Aim 2: Effect of age appropriate cutpoints on corresponding age categories 

Previous research has suggested that cutpoints should be applied to 

accelerometer data acquired from children the same age as that of the published 

population used in the original calibration study to improve accuracy (Burchartz et al., 

2020; Migueles et al., 2017). To explore this further we applied age specific cutpoints to 

our sample population for Toddler, Preschool and School Aged children and reported 

significant differences in times spent in all intensities for each of the different cutpoints 

applied, despite dividing our sample into age categories matching the age ranges used 

in the calibration studies. While these results are similar to previous studies (Brazendale 

et al., 2016; Costa et al., 2014; Leeger-Aschmann et al., 2019; van Cauwenberghe, 

2011), our study also included an estimate of all four intensities and only applied 

cutpoints to the portion of our sample that fell within the age range included in the 

original calibration studies, while previous studies applied cutpoints developed from 



 

68 
 

populations that fell outside of their sample’s age range (Bornstein et al., 2011; Leeger-

Aschmann et al., 2019; van Cauwenberghe, 2011). This presents an important point for 

consideration within longitudinal studies, where children in the sample may fall into 

different age ranges at different study timepoints; our findings suggest that researchers 

should consider adjusting cutpoints to match the age of their sample at each timepoint. 

Simply put, caution should still be taken when making comparisons of times spent in 

SED, LPA, MVPA and TPA across studies even when investigating sample of the same 

age ranges.  

3.5.3 Aim 3: Effect of cutpoints on the portion of children meeting PA guidelines 

Another important implication for choice of cutpoint becomes apparent when 

investigating the proportion of children that meet current Canadian PA guidelines which 

are also the same guidelines recommended by the World Health Organization (World 

Health Organization, 2010b, 2019). Our results showed that when different cutpoints 

were applied within age-appropriate categories, the proportion of children meeting PA 

guidelines varied significantly based on which cutpoint was applied. These findings are 

concurrent with previous studies that showed discrepancies in the number of children 

meeting PA guidelines with the application of different cutpoints (Leeger-Aschmann et 

al., 2019; van Cauwenberghe, 2011). Although these studies implemented similar 

guidelines, they did not apply the age-appropriate guidelines used in this study (World 

Health Organization, 2010b, 2019).  The results from aim 3 of our study are concerning 

as accelerometer data is often used to determine if a child is meeting current PA 

guidelines. In addition, these outcome values are frequently used to investigate 

numerous associations between PA and health in large cohort studies (Gutierrez-

Hervas et al., 2020; Leppanen et al., 2021) and is also an important benchmark in the 

global physical activity matrix which provides report cards on physical activity in 

numerous countries (Aubert et al., 2018).  Of additional concern is the variety of 

cutpoints used in studies included in the systematic reviews investigating associations 

between PA and health (Carson et al., 2017; Poitras et al., 2016) which formed the 

basis for the development of current National PA guidelines (Tremblay et al., 2016; 

Tremblay et al., 2017). Clearly consensus is needed, even if only at a national level, to 
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ensure that future research is accurately capturing the daily physical activities of young 

children within specific age categories. 

Cutpoint non-equivalence has been well established in the literature, with 

numerous studies reporting differences for time spent in certain movement intensities 

(Bornstein et al., 2011; Brazendale et al., 2016; Costa et al., 2014; Janssen et al., 2013; 

Leeger-Aschmann et al., 2019; van Cauwenberghe, 2011). It has been suggested that 

instead of relying on cutpoints, other measures such as ‘raw’ accelerometer data should 

be examined to improve inter-study comparability (Burchartz et al., 2020). Although this 

approach may allow for greater comparison across studies, it either eliminates the 

possibility of dividing data into specific intensities, which is important for investigations 

between movement and heath behaviours, or is accompanied by a new list of cutpoints 

validated using raw accelerometer data from which researchers must once again select 

for analysis of their accelerometer derived metrics for physical activity (Phillips et al., 

2013; Roscoe et al., 2017). 

Previous studies have presented a possible solution to the cutpoint non-

equivalence issue by computing equations to facilitate cutpoint comparisons, i.e., 

equate outcomes between different cutpoints (Bornstein et al., 2011; Brazendale et al., 

2016). However, to date this work has only included five or six different cutpoint values 

and has focused solely on equating estimates of MVPA. Bornstein et al. (2011) 

developed conversion equations from a sample of 419 children aged 3 to 6 years to 

allow comparison of MVPA values from five different cutpoints with percent errors 

ranging from 6.3 – 38.4 %.  Brazendale et al. (2016) built upon this work using a sample 

from the International Children’s Accelerometer Database (ICAD) to develop additional 

conversion equations for six cutpoints suitable for children aged 3 -18 years and results 

showed percent errors ranging from 1.3 – 30.1 %.  Future research should build on this 

work and consider equating additional outputs, such as SED, LPA and TPA, across 

numerous cutpoints as well as device models, sample frequencies and epoch lengths. 

The development of equivalence ratios of all available cutpoints for all intensities would 

allow researchers to make more accurate comparisons of findings across studies using 

different cutpoints within the literature. Additionally, widely used software associated 

with commonly used commercial devices, e.g., ActiGraphTM, could incorporate these 
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equations in their software to make equating estimates across cutpoints more easily 

accessible. 

3.5.4 Strengths and Limitations 

Although this study provides important insight into the impact of cutpoints on time 

spent in four different movement intensities and proportion of children meeting 

guidelines, there are some limitations that should be acknowledged. Despite using a 

variety of cutpoints, the lack of a ‘gold standard’ criterion measure prevented us from 

examining the accuracy of the cutpoints used in this study. However, previous studies 

have evaluated multiple cutpoints against studies against criterion measures and still 

reported differences in classification accuracy (Costa et al., 2014; Janssen et al., 2013; 

Trost et al., 2012). For example, based on classification accuracy obtained from a 

sample of 4 to 5 year olds, Kahan et al. (2013) recommends use of the Sirard cutpoints 

(Sirard et al., 2005) for SED and MVPA in comparison to other cutpoints (Evenson et 

al., 2008; Pate et al., 2006; van Cauwenberghe, 2011), while Janssen et al. (2013) 

recommends the Evenson cutpoints (Evenson et al., 2008) for the measurement of SED 

and the Pate cutpoints (Pate et al., 2006) for the measurement of MVPA based on 

classification accuracies obtained from 4 to 6 year olds. Furthermore, the variety of 

accepted criterion measures and protocols of calibration studies has likely contributed to 

the discrepancies in cutpoints available for analysing accelerometer data from children 

in similar age groups. Researchers wishing to analyse accelerometer data must choose 

a cutpoint without having a criteria measure; we sought to mimic these circumstances to 

bring awareness to the impact that choice of cutpoint has on accelerometer data 

analyses. Although improvements in the use of cutpoints are clearly necessary, the 

ease of use and interpretability of cutpoints suggests they will be used until a more 

favourable method is easily available to researchers. Thus, we recommend using the 

Trost et al. (2012) cutpoints for toddlers (< 3 years old) as these are the only cutpoints 

that have been calibrated and validated for use in children as young as 16 months old. 

For preschoolers (3 – 6 years), we recommend the use of the Butte et al. (2014) VM 

cutpoints due to the larger variety of activities, the use of a triaxial AcitGraph model and 

the use of indirect calorimetry used in the original calibration study. 
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Finally, our study used data in 1 sec epoch files instead of matching the epoch 

files that were used in the original calibration studies of each cutpoint. It should be noted 

that using a 1 second epoch length has been recommended repeatedly to ensure the 

sporadic nature of PA in young children is captured (Burchartz et al., 2020; Migueles et 

al., 2017). Consequently, it is likely that other studies will use 1 sec epoch files when 

applying cutpoints based on other epoch lengths to their data. Additionally, due to the 

variation in epoch length, sample rate, accelerometer models and filter settings used 

across the different cutpoint calibration studies, it is unrealistic to expect studies to 

follow exact protocols used in the calibration studies. This is especially true given the 

majority of calibration and validation studies that were completed using older models of 

ActiGraph devices (e.g., 7164, GT1M); in fact, only two calibration studies have been 

done using triaxial models (GT3X). As acquiring and integrating acceleration data from 

three movement planes has potential advantages for measuring the atypical movement 

patterns (Cliff et al., 2009; Costa et al., 2014), future research should focus on 

improving comparability between studies using data from newer, triaxial models of 

ActiGraph.  

3.6 Conclusions 

To conclude, this study highlights the significant impact of applying different 

cutpoints on the times spent in SED, LPA, MVPA and TPA and when cutpoints were 

applied to age-appropriate groups. Results demonstrate that the choice of cutpoint 

significantly impacts the proportion of children meeting Canadian PA guidelines 

indicating that researchers should be cautious when making comparisons across 

studies that used different cutpoints. Ideally, comparisons should only be made across 

studies that used the same cutpoints for data analyses, or that used cutpoints that 

produced nonsignificant differences within the current study. Future research should 

build on previous work, continuing to develop conversion equations to allow 

comparability across subjects using different cutpoints and ensuring easily accessible, 

user-friendly methods for implementing such equations.
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3.7 Supplementary Material 
 
Supplementary Table 3.3: Calculated minutes spent in SED, LPA, MVPA and TPA according to 10 different ActiGraph 

cutpoints (Aim 1). All cutpoints were applied to the entire sample (N= 262).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SED = sedentary behaviour, LPA = light physical activity, MVPA = moderate-to-vigorous physical activity, TPA = total physical 
activity, F cutpoint = F-test statistic from 1-way repeated measures ANOVAs with cutpoint as the within subject variable and 
SED/LPA/MVPA/TPA as dependent variable  
a Based on an average of 714.2mins of valid wear time 

 

Cutpoint 
Mean min/day (standard deviation) a 

SED LPA MVPA TPA 

Trost 515.1 (56.8) 108.3 (19.6) 90.7 (24.1) 199.1 (40.4) 

Costa VA 500.9 (56.2) 133.9 (23.8) 78.8 (21.7) 212.7 (41.9) 

Costa VM 463.4 (51.9) 163.4 (28.2) 86.8 (24.6) 250.2 (47.7) 

Van Cauwenberghe 614.7 (62.1) 31.8 (7.2) 67.1 (19.2) 98.9 (25.7) 

Pate 574.9 (59.8) 48.5 (10.0) 90.7 (24.1) 139.3 (32.6) 

Butte VA 515.1 (56.8) 126.4 (23.3) 72.2 (20.4) 199.1 (40.4) 

Pate & Pfeiffer 508.8 (56.6) 114.1 (20.4) 90.7 (24.1) 204.8 (41.1) 

Butte VM 437.2 (50.9) 176.4 (29.7) 100.7 (27.2) 277.0 (50.7) 

Puyau 574.9 (59.8) 93.6 (20.0) 45.7 (14.5) 139.3 (32.6) 

Evenson 501.3 (56.2) 145.8 (26.2) 67.1 (19.2) 212.9 (41.9) 

F cutpoint 6035.84 6577.54 2633.43 438.93 
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Supplementary Table 3.4: Calculated minutes spent in SED, LPA, MVPA and TPA according to ten different ActiGraph 
cutpoints. Cutpoints were applied to the appropriate age group based on the population included in the original cutpoint 
calibration study. 

SED = sedentary behaviour, LPA = light physical activity, MVPA = moderate-to-vigorous physical activity, TPA = total physical activity 
F cutpoint = F-test statistic from 1-way repeated measures ANOVAs with cutpoint (independent) and SED/LPA/MVPA/TPA (dependent)  
a Based on avg of 681.4 mins of valid wear time, b Based on avg of 733.2 mins of valid wear time, c Based on avg of 748.2 mins of valid wear time 
d Guidelines for toddlers: ≥ 180 mins of TPA with ≥ 1 min of MVPA, for preschoolers: ≥ 180 mins of TPA with ≥ 60 mins of MVPA, for school-aged 
children: ≥60 mins of MVPA 
e Siblings were removed for this portion of the analysis, yielding the following sample size for this analysis: Toddlers n = 93, Preschoolers n = 143, 
School Aged n= 43 
*Note: In the preschoolers age group, children aged 3 to 4 years were counted as “yes” if they acquired an average of ≥180mins of TPA with ≥ 
60mins of MVPA, while children aged 5 to- 6 years were counted as “yes” if they acquired an average of ≥ 60 mins of MVPA 

Age Group Cutpoint Mean min/day (standard deviation) Met PA Guidelines? (%) d,e 

SED LPA MVPA TPA  Yes No 
Toddlers a 

(1 -2 years) 
N = 96 

Trost 491.7 (60.4) 107.7 (21.3) 82.0 (24.3) 189.7 (42.5)  64.5 35.5 
Costa VA 476.3 (58.8) 132.7 (25.8) 70.7 (21.8) 203.4 (44.0)  74.2 25.8 
Costa VM 447.7 (55.9) 157.8 (29.5) 74.3 (23.2) 232.1 (47.1)  90.3 9.7 

 F cutpoint 474.11* 912.08* 120.62* 442.86* Cochran’s q 35.28*  
         

Preschoolers b  
(3 - 6 years) 

N = 166 

Van 
Cauwenberghe 

628.9 (54.5) 33.0 (6.7) 71.3 (18.1) 104.3 (24.0)  24.5 75.5 

Pate 588.0 (52.5) 49.4 (9.4) 95.8 (22.5) 145.2 (30.5)  40.6 59.4 
Butte VA 528.7 (50.5) 127.4 (22.0) 77.1(19.1) 204.5 (38.3)  77.6 22.4 
Pate & Pfeiffer 522.9 (49.8) 114.5 (19.3) 95.8 (22.5) 210.3 (39.0)  85.3 14.7 
Butte VM 445.8 (46.6) 178.9 (28.4) 108.5 (24.9) 287.4 (48.0)  97.9 2.1 

 F cutpoint 5305.55* 5768.84* 1548.23* 5305.55* Cochran’s q 285.40*  
         

School Aged c 

(5 – 6 years) 
N = 45 

Puyau 598.0 (60.0) 97.5 (20.2) 52.7 (15.3) 150.2 (33.4)  32.6 67.4 
Evenson 526.4 (54.0) 146.0 (26.8) 75.8 (20.2) 221.8 (43.4)  81.4 18.6 
F cutpoint 1652.25* 1076.58* 897.93* 1652.25* McNemar’s p <0.001 
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Chapter 4. Dissertation Progress Summary 1 
 
4.1 Key Findings 

A summary of research questions, study objectives and results for Studies 1 and 2 

are presented in Figure 4.1. 

 
Figure 4.1: Outline of research questions, objectives, and summary of results 

from Studies 1 and 2. 
 
4.1.1 Study 1 

As a result of recent technological advances which have facilitated the use of 

inexpensive devices to track movement behaviours, there are literally hundreds of 

published research articles that use accelerometers to investigate physical activity and 

sedentary behaviours in children. Although accelerometers are not without limitations in 

their capabilities to provide information on multi-segmental acceleration, movement 

context and non-weight bearing activities, they provide a suitable and practical 

Study 1: What methods are used to collect, process and analyse data 
obtained from accelerometers worn by children?

Study 2: How do methodological decisions, such as choice of 
cutpoint affect accelerometer outcomes?

Results Summary
• 627 articles reviewed
• Examined: Device make and model, device placement, sample rate, collection 

protocol, non-wear time definition, inclusion criteria, epoch & cutpoint
• Many key methodologies are frequently not reported
• Large projects with multiple publications have large impact on frequency of 

reported epoch duration and cutpoints 
• Result: list of recommended reporting practices

Objective 

Scoping Review on the 
methods used to analyse 

young children’s 
accelerometer data from 

2009 - 2021

Results Summary
• Choice of cutpoint significantly affects estimates of SED, LPA, MVPA and TPA
• When cutpoints were only applied to children within age-appropriate groups, all 

cutpoints still resulted in significant differences across all intensities
• Choice of cutpoint significantly affects # of children meeting PA guidelines
• Immediate need for alternative methods of quantifying accelerometer output and 

methods to make comparisons across studies using different cutpoints

Objective 

Impact of applying 10 
different cutpoints to 

accelerometer data from 
262 children (1.5 – 6 

years)
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alternative to methods with high researcher/participant burden (indirect calorimeter or 

direct observation) and methods subjected to reporting biases (survey/questionnaires).   

Results from Study 1 are summarized in Figure 4.1. Findings showed that the 

number of research articles using accelerometers in young children has steadily 

increased over the last eleven years, with over sixty articles published every year since 

2017 and over one hundred articles published between January 2020 and March 2021. 

ActiGraph devices were by far the most reported (75%) and of the 21 different device 

locations cited, the most common was placement at the hip/waist (n = 459). A large 

finding of this study was the lack of reporting of key methodological details. Of particular 

importance is that over 80% of the included articles did not report which sample 

frequency was used during data collection. Although some accelerometers only have 

one possible sample frequency, this method should always be reported to allow for 

comparison with previous and future device models as well as studies examining raw 

acceleration data. The definition of non-wear time was also frequently not reported 

(n=203), which limits the information available to researchers conducting studies in 

pediatric populations.  

Another major finding from this scoping review was the representation that large 

projects with multiple publications have on two specific methodologies within this body 

of literature: choice of epoch and cutpoint. The most obvious example of the 

influence/representation of large projects on reported epoch durations was apparent 

with the number of times that 15 second epochs were reported. This epoch duration 

was used in 329 articles, however 108 of those publications originated from only 14 

studies using the same data set. The impact of large projects was also clear in the use 

of certain cutpoints, for example Evenson et. al. (2008) cutpoints were reported a total 

of 110 times, over half of which (n = 68) were reported in articles originating from 12 

projects. This frequency sub analysis revealed that large projects, using the same or 

similar methods increase the number of times a specific epoch duration or cutpoint is 

reported in the literature. These findings should encourage researchers to choose data 

processing methods based on what is most suitable for their own research aims and not 

based on what is most frequently reported in the literature. 
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Subsequently, the plethora of cutpoints used for quantifying accelerometer 

outputs into different movement intensities emphasizes the major lack of methodological 

consistency and consensus in the literature. Studies using ActiGraph devices alone 

cited 41 different cutpoints for preschool aged children. The sheer number of available 

cutpoints has greatly impacted our ability to compare results across studies. Until a 

more suitable method of quantifying accelerometer outputs into movement intensities or 

activities is widely available, accurate reporting of cutpoints applied, software and 

version used to process data, will aid in the facilitation of broader interpretations of 

accelerometer data. We created the following list of recommended reporting practices to 

be detailed in every study using accelerometers in young children with the goal of 

encouraging researchers to develop better data collection protocols and implement data 

analysis plans from a better-informed lens:  

1) Make and model of device used should be reported 

2) Device placement should be reported 

3) Sample frequency should be reported 

4) Citation of the original calibration study and the actual cutpoint values per 

chosen epoch should be reported if using a cutpoint 

5) The method used to identify and remove non-wear times should be reported. 

4.1.2 Study 2 

In Study 2, we learned that the choice of cutpoint significantly impacts estimates of 

the amount of time a sample of young children spent in different movement intensities 

assessed via accelerometry as summarized in Figure 4.1. These findings highlight the 

lack of comparability between studies using different cutpoints and accompanying 

consequences on the interpretation of associations between meeting physical activity 

guidelines and health outcomes in young children. As cutpoints were calibrated using 

populations of different age ranges, they should only be applied to sample populations 

within the specific age range for which they were developed. However, we found that 

even when age specific cutpoints were applied, significantly different amounts of time 

spent in all intensities were still found and more critically also resulted in significantly 

different numbers of children meeting PA guidelines. These results further highlight that 

PA estimates from studies using different cutpoints are incomparable, regardless of the 
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sample population age.  The extreme variability in protocols used in the calibration 

studies (i.e. activities, criterion measures, settings) coupled with the sporadic nature of 

movement patterns in young children has results in a wide variation in available 

cutpoints. Until necessary improvements can be made in the methods used to quantify 

accelerometer outputs, we recommend using the Trost et al. (2012) cutpoints for 

toddlers (< 3 years old) and the Butte et al. (2014) VM cutpoints for preschoolers (3 – 6 

years). The Trost et al. (2012) cutpoints are recommended as these are the only 

cutpoints that have been calibrated and validated for use in children as young as 16 

months old and the Butte et al. (2014) VM cutpoints are preferred due to the wide 

variety of activities, the triaxial AcitGraph model and indirect calorimetry used in the 

original calibration study. 

 Findings from this study demonstrate how choice of cutpoint can significantly 

impact the movement behaviour estimates of young children which has further 

implications on PA recommendations and potentially impacts the interpretation of 

relationships between PA and health outcomes. There is a recent drive towards the use 

of raw accelerometer data instead of relying on count data to avoid the use of cutpoints. 

Before this approach is successful, a consensus from experts in the field is needed to 

distinguish which raw accelerometer outputs (i.e., acceleration values or activities) are 

classified into each intensity of movement (sedentary behaviour, LPA, MVPA). Due to 

the wide variety of cutpoints that have already been published in numerous studies 

examining associations between movement intensities and health outcomes, methods 

such as equivalency ratios and adjustment coefficients are needed to allow researchers 

to make comparisons across studies using different cutpoints. 

 

4.1.3 Next Steps 

Now that the methodologies currently used to collect and analyse accelerometer 

data in young children have been extensively reviewed (Study 1) and the impact of 

certain processing choices (i.e. cutpoints) has been examined (Study 2), a greater 

understanding of how the resulting estimates of PA and meeting PA guidelines are 
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cross-sectionally associated with individual motor abilities (Study 3) and longitudinally 

associated with physical fitness (Study 4) is needed. These research objectives are 

outlined below in Figure 4.2. 

 

Figure 4.2: Outline of research questions and objectives for Studies 3 and 4.

Studies 3 & 4: How is meeting current PA guidelines associated 
with other health outcomes?

Study 3 Objectives

Examine cross-sectional associations in 
3 – 6 year old children between:

•Meeting PA guidelines and individual 
motor abilities

•MVPA, TPA or % of TPA in MVPA and 
individual motor abilities

Study 4 Objectives

Examine longitudinal associations between: 
•Meeting PA guidelines & MVPA at baseline with 

meeting PA guidelines & MVPA at follow-up
•Baseline fitness and PA at follow-up 

•Fitness and PA at baseline and cognitive 
function at follow-up
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Chapter 5. Association of individual motor abilities and 
accelerometer-derived physical activity measures in 
preschool-aged children 

 
5.1 Abstract 
This study explored the relationship between motor abilities and accelerometer-derived 

measures of physical activity (PA) within preschool-aged children. 193 children (101 

girls, 4.2 ± 0.7 years) completed five tests to assess motor abilities; shuttle run (SR), 

standing long jump, lateral jumping, one leg stand and sit and reach. Four PA variables 

derived from 7-day wrist-worn GENEActiv accelerometers were analysed including 

Moderate-to-Vigorous PA (MVPA, mins), Total PA (mins), percentage of total PA time in 

MVPA and whether children met WHO guidelines for PA. Linear regressions were 

conducted to explore associations between each PA variable (predictor) and motor 

ability (outcome). Models were adjusted for age, sex, height, parental education, time 

spent at sports clubs and wear time. Models with percentage of total PA time in MVPA 

were adjusted for percentage of total PA time. Regression analyses indicated that no 

PA variables were associated with any of the motor abilities, but demographic factors 

such as age (e.g., SR: ß=-0.45, 95%CI: -1.64, -0.66), parental education (e.g., SR: 

ß=0.25, 95%CI: 0.11, 1.87) or sports club time (e.g., SR: ß=-0.08, 95%CI: -0.98, 0.26) 

showed substantial associations with motor abilities. Model strength varied depending 

on the PA variable and motor ability entered. Results demonstrate that total PA and 

meeting current PA guidelines may be of importance for motor ability development and 

should be investigated further. Other covariates showed stronger associations with 

motor abilities such as time spent at sports clubs and should be investigated in 

longitudinal settings to assess the associations with individual motor abilities. 

Keywords: MVPA, Movement, Accelerometry, sports club membership, WHO 

guidelines, motor skills. 

 

 



 

80 
 

5.2 Introduction 

Early childhood (3-5 years of age) presents a critical time for development during 

which children learn to move through space and acquire fundamental movement skills 

(FMS) such as running and jumping (Stodden et al., 2008). The development of motor 

competency is a complex process driven by internal structural and functional changes 

but is also heavily influenced by environmental factors such as physical activity (PA) 

(Clark, 1995; Stodden et al., 2008). The complex relationship between PA and motor 

competency is outlined in a developmental model proposed by Stodden et al. (2008) 

which suggests that during early childhood, acquisition of FMS is driven by PA. 

Subsequently, FMS provide the foundation for more complex movements needed for 

recreational play and sports participation (Gallahue & Ozmun, 2000; Stodden et al., 

2008). Accordingly, the model also suggests that during middle to late childhood, motor 

competency begins to drive PA and therefore, PA during the early years may drive PA 

during later childhood and adolescence (Stodden et al., 2008).  

The relationship between motor competency and PA is critical as we now know that 

establishing healthy PA habits during early childhood is an important step towards 

conquering the ongoing childhood obesity epidemic (World Health Organization, 2020). 

In preschool-aged children, PA, in particular total PA (TPA) and moderate-to vigorous 

PA (MVPA) has been favourably associated with cardiometabolic health, bone and 

skeletal health, psychosocial health and both motor and cognitive development (Carson 

et al., 2017). Despite increased knowledge about the importance of PA, children and 

youth are spending little time engaging in MVPA (Pate et al., 2015) and continue to 

score poorly on worldwide PA report cards (Aubert et al., 2018). As this raises concerns 

for childhood health, PA guidelines targeted towards the early years have become an 

important area of interest. The World Health Organization (WHO) recently released new 

guidelines for children under the age of 5, which recommend that children 3-4 years 

should accumulate a minimum of 180 minutes of any type of PA per day and at least 60 

of those minutes should be spent in MVPA (World Health Organization, 2019). For 

children aged 5-17, the WHO recommends at least 60 minutes of MVPA per day (World 

Health Organization, 2010b). 
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The relationship between motor competency and PA has been extensively reviewed 

(Barnett et al., 2016a; Figueroa & An, 2017; Holfelder & Schott, 2014; Jones et al., 

2020; Robinson et al., 2015), and although a relationship is apparent, this association 

heavily depends on the skills measured and how PA is quantified, as well as the type of 

analyses conducted, and covariates used. Multiple reviews show a positive relationship 

between motor competency and PA (Figueroa & An, 2017; Holfelder & Schott, 2014) 

and a recent meta-analysis of 12 studies indicates a weak but positive correlation 

between FMS and MVPA and between FMS and TPA (Jones et al., 2020). However, 

another review conducted by Barnett et al. (2016a) concluded that only certain 

components of motor competency were related to PA. It is difficult to gain a complete 

understanding of this relationship due to major inconsistencies in test batteries used to 

assess motor competency. For example, of 19 studies included in a recent review, ten 

different assessment tools were used to evaluate motor competency (Jones et al., 

2020). Additionally, test items used to evaluate motor competency have also been used 

to assess other constructs such as fitness (Utesch et al., 2019a; Wrotniak et al., 2006), 

an issue that is further complicated by the abundance of varying terminologies 

including; “motor ability”, “motor skills”, “motor coordination”, “motor/movement 

performance”, and “movement competence” (Robinson et al., 2015). To clarify, the term 

motor competency is used to describe the proficiency of any goal-oriented form of 

human movement involving gross body coordination and control (Coppens et al., 2019; 

Robinson et al., 2015; Utesch et al., 2019b). Thus, during early childhood, fundamental 

movement skill (FMS) proficiency is often used to evaluate motor competency (Stodden 

et al., 2008). In contrast, motor abilities can be defined as the general traits or abilities 

underlying the performance of FMS (Burton & Miller, 1998); examples of motor abilities 

include speed, endurance, strength, coordination, balance and flexibility and any 

combination of these abilities, for example speed strength and strength endurance 

(Burton & Miller, 1998; Klein et al., 2012). In contrast, physical fitness can be defined as 

“the ability to carry out daily tasks and perform physical activities in a highly functional 

state” (NCBI, n.d.) as such certain motor abilities such as flexibility may be considered 

an indicator of good physical fitness. Clinicians, researchers and/or educators may 
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assess these traits through validated movement skills tests such as the Sit and Reach 

test (Koslow, 1987).   

Some evidence suggests an association between PA and individual motor abilities in 

children. Wrotniak et al. (2006) showed that a higher percentage of time spent in MVPA 

was correlated with faster speed and agility, as well as greater distance jumped 

(strength/coordination) in 65 children aged 8 to 10-years-old. In 5- to 6-year-olds, a 

positive association was found between pedometer derived aerobic steps/day and 

speed, agility, and balance (Kambas et al., 2012). Unfortunately, most studies calculate 

one composite score to reflect motor competency, or alternatively calculate subdomain 

scores for locomotor and object-control abilities (e.g. throwing and catching) (Figueroa 

& An, 2017; Olesen, 2014; Webster et al., 2019; Williams et al., 2008) rather than 

specific traits of individual motor abilities. Additionally, many studies use different PA 

variables (i.e. TPA, LPA, MVPA, VPA) or group all measures of PA together. Although 

understanding the broad relationship between PA and general abilities is important, 

research is needed to examine whether PA can impact some specific motor abilities 

more than others during crucial developmental periods, such as the preschool years.  At 

the present time, little is known about possible associations between PA and individual 

motor abilities, during the preschool years and how different measures of PA can affect 

this relationship. The acquisition of proficiency in a variety of motor abilities in the 

preschool years provides a solid foundation for the development of more complex 

movement patterns needed later in life, not only for activities of daily living but also for 

recreational play and participation in sports (Gallahue & Ozmun, 2000; Stodden et al., 

2008). 

Therefore, the purpose of this study was to evaluate the relationship between 

individual motor abilities and various objectively assessed PA outcomes within a 

preschool-aged population. Motor ability tests were conducted to assess speed, 

strength, endurance, coordination, and flexibility. PA measurements included; MVPA 

(mins), TPA (mins), the percentage of total physical activity spent in moderate-to-

vigorous physical activity (%MVPA of TPA) and whether or not children are meeting 

current WHO guidelines for PA. Based on previous research (Holfelder & Schott, 2014; 

Kambas et al., 2012; Wrotniak et al., 2006), it was hypothesized that time in MVPA, 
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TPA, %MVPA of TPA or meeting current PA guidelines recommended by the WHO 

would be positively associated with all five motor ability tests. Insight into associations 

between healthy PA habits and individual motor abilities in preschool-aged children will 

provide critical information for parents and early childhood educators responsible for 

ensuring children are prepared for the level of social and recreational interactions 

required for a successful entry to the school years. 

 

 

5.3 Methods 

 
5.3.1 Protocol 

 
Data for the current study was collected as part of baseline collection from the 

“JolinchenKids- Fit and healthy in daycare” study. Children between the ages of three 

and six years were recruited from 61 daycare facilities across Germany. PA data was 

objectively measured using accelerometers in a subset of these daycare facilities (23 of 

61 centres: due to limited availability of accelerometers) in addition to assessment of 

motor ability. Ethical approval was obtained by the Medical Association in Bremen 

(HR/RE-522, April 28, 2016), and the study was registered at the German Clinical Trials 

Register (DRKS00011065). Full study protocol and additional details have been 

reported by Steenbock et al. (2017). 

 

5.3.2 Data Collection 

 
Two experienced study nurses completed each child’s height and bodyweight 

measurements while children were barefoot. Height was measured using portable 

stadiometers (Seca type 213 stadiometer, Invicta Plastics Ltd, Leicester, UK), 

measurements were recorded to the nearest 0.1 cm. Body weight was measured to the 

nearest 0.1 kg using the TANITA BC 420 SMA digital scale (TANITA Europe GmbH, 

Sindelfingen, Germany). Survey data was also collected regarding whether or not the 

children were members of a sports club and how much time was spent at these sports 
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club weekly. This data was included in our analyses as organized or structured PA has 

been suggested as an important contributor to motor competency (Burgi et al., 2011; 

Jaakkola et al., 2009; Vandorpe et al., 2012). In Germany, having a sports club 

membership in this young age group generally means that children focus on learning to 

perform fundamental movements skills (i.e. running, jumping, climbing, swinging, 

balancing and basics in ball games etc.) rather than sports specific training. Courses in 

sports clubs usually comprise about 30 to 45 minutes of supervised activities. Because 

sports club membership is not mandatory in Germany, some children do not attend any 

sports club while others attend more than one sports club per week. As such, children in 

this analysis were divided into three categories according to parent reports of average 

time spent at a sports club per week. These categories were: no time a sports club, 30 

min – <90 mins per week or ≥90 mins or above per week. Additional survey data was 

collected on parental education. 

 

5.3.3 Assessment of Motor Abilities  

 
Motor abilities were assessed using five test items including: shuttle run (SR), 

standing long jump (SLJ), lateral jumping (LJ), one leg stand (OLS) and sit and reach 

(SAR); details below. The SR test was used to assess movement speed, measured as 

time (seconds) taken to run from one marked box to another, placed 4 meters apart, two 

separate times for a total of 16 meters (4 X 4 meters). Each child performed this test 

once, a faster time indicates better performance on this test. The SLJ test was used to 

assess speed strength, measured as the maximal distance jumped (cm) with two feet; 

distance was measured from the starting line to the back of the heel. Children were 

given one practice trial then two test trials of which the furthest jump was recorded. The 

LJ test was used to evaluate strength endurance and coordination and was quantified 

as the number of successfully completed 2-foot jumps over a beam. Two 15-second 

trials were completed by each child and the sum of the number of jumps for each trial 

was recorded. The OLS test was used to quantify static balance, measured as the 

number of times the free leg touched down within 1 minute while standing on a wooden 

bar (5 cm high). Each child performed this test once, a greater number of touchdowns 
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on this test would indicate poorer performance. Finally, the SAR test was used to 

assess hip and hamstring flexibility by recording the furthest distance (cm) reached with 

both hands while seated and legs extended. Each child performed this test once, a 

negative distance would indicate that the child did not reach past the level of their feet. 

All tests were administered according to instructions provided in an assessment manual 

(Klein et al., 2012) by one of two trained study nurses. The two study nurses were 

trained in a one-day workshop by two of the co-authors of this study. Approximately five 

children at a time were asked to enter the movement room to perform the test. These 

children were then tested individually while the others waited in the same room. Results 

were recorded separately for each test. Children who successfully completed at least 

one of the five tests were included in this analysis. 

 

5.3.4 Physical Activity Measurements  
 

GENEActiv accelerometers (ActivInsight Ltd. Kimbolton UK) were used to obtain an 

objective measurement of daily levels of PA. This device contains a triaxial 

accelerometer with a dynamic range of ±8 g, a 12-bit resolution and has previously 

been calibrated and used to assess PA in preschool-aged populations (Roscoe et al., 

2017; Steenbock et al., 2019). Devices were initialized according to manufacturer’s 

instructions and data was collected at 100 Hz. Written instructions detailing the protocol 

were given to parents and a logbook was provided for recording periods when the 

device was not worn (e.g bathing, swimming). Children wore an accelerometer on their 

left wrist (which is the non-dominant wrist for the vast majority of children); however, 

previous studies only revealed marginal differences for wearing the accelerometer on 

the non-dominant vs. the dominant wrist in this age group (Steenbock et al., 2019). The 

accelerometer was secured with Tyvek wristbands (DuPont de Nemours, Inc., 

Wilmington, Delaware, United States), for a period of 7 days, 24 hours per day; upon 

return of the device, data was downloaded using the GENEActiv software (version 2.2; 

ActivInsight Ltd., Kimbolton United Kingdom). The R software, (version 3.4.3; R Core 

Team, Vienna, Austria), package “GENEAread” (Fang et al., 2019) was used to process 

raw data files. First, data collected between 7 pm and 7 am was removed to exclude 
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sleep time from analysis. Following this, periods of non-wear time were identified using 

range and standard deviation of the raw acceleration value over 60-minute moving 

windows with 15-minute increments as done previously (Sabia et al., 2014; van Hees et 

al., 2013). A window was classified as non-wear time if the range of the acceleration 

value was less than 50mg or if the standard deviation was less than 13.0 mg for at least 

2 out of the 3 axes (Sabia et al., 2014). Children with a minimum wear time of 8 hours 

per day on at least 3 days were included in the analysis as done previously (Barnett et 

al., 2017). Energy expenditure (EE) in kilojoules was predicted from raw acceleration 

data using a random forest model trained on data from preschoolers wearing spirometry 

devices (Steenbock et al., 2019). The resulting estimated EE values were used to 

determine time spent in TPA (≥7-10 kJ/min) and MVPA (>10 kJ/min). As there are no 

standardized cutpoints for this age group, these cutpoints were chosen based on 

previous studies within preschool-aged populations (Brandes et al., 2018; Byun et al., 

2016; Roscoe et al., 2017). As current PA recommendations for children highlight the 

importance of MVPA and TPA, these variables were chosen for part of the analysis. The 

mean amount of time spent in MVPA and TPA was calculated for each participant. 

Subsequently, this data was then used to determine whether children met the current 

WHO guidelines for their age group. For children aged 3-4 years, meeting the WHO 

guidelines required that they acquired a minimum of 180 minutes of any type of PA, of 

which at least 60 minutes was spent in MVPA. Children aged 5 years were required to 

have a minimum of 60 mins of MVPA in order to meet WHO guidelines. Lastly, the 

percentage of total physical activity time that was spent in MVPA (%MVPA of TPA) was 

calculated as mean MVPA divided by mean TPA multiplied by 100. This variable was 

chosen to assess whether spending a greater percentage of their active time in higher 

intensity PA (MVPA) had a different association with motor ability performance than 

mean minutes of TPA or MVPA. Therefore, our analysis included four different PA 

variables; mean MVPA (mins), mean TPA (mins), mean percentage of active time spent 

in MVPA (%MVPA of TPA), and whether children met the current WHO guidelines for 

their appropriate age group.  
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5.3.5 Study Sample 

 
These analyses include a subsample of the 831 children included in the 

“JolinchenKids- Fit and healthy in daycare” study for whom accelerometry data was 

collected (N=217). Of these, 24 children were excluded because they were under 3 

years of age (n=4), did not complete any motor ability tests (n=2) or did not meet wear 

time criterion for the accelerometer data (n=18). Thus, the final sample size for our 

analyses included 193 children aged 3-6 years old.  

 

5.3.6 Statistical Analyses 

 
Descriptive statistics were calculated to describe the study participant 

characteristics, motor ability tests and PA variables (proportions; means and standard 

deviations). We conducted linear regression models to investigate the association 

between each of the four PA variables (MVPA, TPA, %MVPA of TPA and WHO 

guidelines) with performance on each motor ability test (SR, SLJ, LJ, OLS, SAR) 

considered as dependent variables for a total of 20 linear regression analyses. Prior to 

this step, we conducted linear regressions investigating the association only of age, sex, 

height, parental education, and time spent at a sports club with each motor ability to 

illustrate the strength of the association between these covariates and individual motor 

abilities that are used for adjustment regarding PA variables. MVPA, TPA and WHO 

guideline models were adjusted for mean mins of wear time and the %MVPA of TPA 

model was adjusted for %TPA to account for variation in wear time. Goodness-of-fit was 

evaluated in terms of adjusted R² to compare models before and after inclusion of PA 

variables. Level of significance was set to α = 0.05 to obtain 95% confidence limits 

(95%CL) as a precision measure of beta estimates. All statistical analyses were 

conducted in SPSS (version 26.0; IBM Corp. Armonk, NY, USA). 
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5.4 Results  

 
Descriptive characteristics for age, anthropometry, motor ability tests and 

physical activity of the final study sample are reported in Table 5.1. In general, boys and 

girls had similar performance on the motor ability tests, however boys jumped further on 

the SLJ test (76.0 cm) compared to girls (69.6 cm) and girls reached further on the SAR 

test (3.8 cm) compared to boys (2.5 cm). Overall, boys had higher amounts of all PA 

measurements than girls, meaning boys had greater amounts of TPA, MVPA, %MVPA 

of TPA and met WHO guidelines more often than girls. However, more girls reported 

having a sports club membership than boys (Table 5.2). 

Results from the regression analyses on the associations between each PA variable 

and each motor ability test are presented in Table 5.3. All models for SAR did not show 

a substantial goodness-of-fit (adj. R² ranging from 0.02 to 0.04) and therefore will not be 

presented and discussed further. TPA, MVPA, %MVPA of TPA and Meeting WHO 

guidelines were not significantly associated with performance on any of the motor ability 

tests. Due to the exploratory nature of this study, linear regression models which 

included only covariates and no measure of PA were examined. They showed a 

significant association of age with performance on motor ability tests. Time spent at a 

sports club was a significant contributor for the OLS model, specifically spending 30 -90 

mins per week at a sports club was associated with less touchdowns during the OLS 

test. A higher parental education score showed a significant association with decreased 

performance on the SR tests and nonsignificant but substantial associations with 

decreased performance on SLJ, and LJ tests. Overall, goodness-of-fit only marginally 

improved or did not change at all after inclusion of PA variables in all models (Table 

5.3).
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Table 5.1: Descriptive characteristics for the entire sample and by sex  

Note: negative values for SAR indicate that the children did not reach past their toes

 ALL (n = 193) GIRLS (n = 101) BOYS (n = 92) 

 n Mean SD Range Mean SD Range Mean SD Range 

Age  193 4.2 0.7 3.0 to 5.9 4.2 0.7 3.0 to 5.9 4.3 0.7 3.0 to 5.9 

Height (cm)  193 106 6.7 89.4 to 124 105 6.7 89.4 to 123 106 6.7      89.8 to 124 

Weight (kg) 193 16.8 3.2 10.1 to 34.2 16.5 2.8 10.1 to 29.5 17.1 3.5 11.0 to 34.2 

BMI z-score  193 - 0.62 1.3  - 5.0 to 3.4 - 0.56 1.1 - 2.8 to 2.6 -0.69 1.4     - 5.0 to 3.4 

Motor Ability Performance        

SR (seconds) 192 11.1 1.9  8.1 to 16.7 11.1 1.8 8.2 to 16.6 11.1 2.0 8.1 to 16.7 

SLJ (cm) 192 72.7 22.8    8 to 129 69.6 23.1 10.2 to 129 76.0 22.1 8 to123 

LJ (# of jumps) 189 15.2 6.9  0 to 41 16.0 6.9 1 to 33 14.7 6.9 0 to 41 

OLS (# of touchdowns) 178 10.3 6.7  0 to 29 10.1 7.1 0 to 29 10.5 6.1 0 to 27 

SAR (cm)  192 3.2 4.1    -10 to 12 3.8 4.0 - 9 to 12 2.5 4.2      -10 to 11 

Accelerometer Data         

MVPA (min/day) 193 72.4 29.0  22 to 184 63.0 22.2 23 to 147 83.8 32.0 22 to 184 

TPA (min/day) 193 249 61.2 129 to 451 242 58.1 154 to 451 255 64.0     129 to 442 

Wear Time (min/day) 193 616 37.5    503 to 703 615 39.0 503 to 695 617 36.1     522 to 703 

% TPA 193 40.3 9.7 20.8 to 74.2 39.4 9.5 24.6 to 74.2 41.3 10.0    20.8 to 67.5 

% MVPA of TPA  193 28.8 7.5  10.8 to 47.0 26.1 6.6 10.8 to 43.1 32.0 7.2    13.1 to 47.0 



 

90 
 

Table 5.2: Frequencies for parental education, sports club membership, PA guidelines  

Note. WHO guideline for 3-4 years = 180 mins of PA/day, including at least 60 mins of MVPA. WHO 
guidelines for 5+ years = at least 60 mins of MVPA per day. Whether or not children met WHO guidelines 
was determined using their average PA data 

 
 
 
 

 ALL (n = 193) GIRLS (n = 101) BOYS (n = 92) 

 n % n % n % 

Parental Education Score        

Low 16 8 13 13 3 3 

Medium 104 54 59 58 45 49 

High 65 34 25 25 40 44 

Missing 8 4 4 4 4 4 

Sports club membership        

Yes 94 49 54 54 40 55 

No 97 50 46 45 51 44 

Missing 2 1 1 1 1 1 

Time at sports club (mins/week)      

No time 97 50 46 47 51 55 

>=30 mins - <90 mins 55 29 30 31 25 27 

>=90 mins 35 18 21 22 14 15 

Missing 6 3 4 4 2 2 

WHO guidelines        

yes 111 58 47 47 64 70 

no 82 42 54 54 28 30 
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Table 5.3: Linear regression models regressing all measures of PA on each motor ability test 

 
ß = Standardized Coefficients Beta, B = Unstandardized coefficients Beta, 95% CI = 95% Confidence Interval 
a Adjusted for Age, Sex, height, parental education, sports club time and Wear Time (mean mins) 
b Adjusted for Age, Sex, height, parental education, sports club time and %TPA 
Reference category for sex is Male, Reference category for Parental Education is “low” score. 
Reference category for sports club time is no time spent at sports clubs 

 SR (seconds) SLJ (cm) LJ (# of Jumps) OLS (#of touchdowns) 

 
ß B 95% CI 

Adj 

R2 
ß B 95% CI 

Adj 

R2 
ß B 95% CI 

Adj 

R2 
ß B 95% CI 

Adj 

R2 

Model 1: No PA variable  .38    .42    .45    .24 

Age -0.45 -1.15 -1.64, -0.66  0.54 16.7 11.1, 22.4  0.71 6.51 4.89, 8.14  -0.47 -4.21 -6.10, -2.31  

Sex 0.01 0.47 -0.42, 0.51  -0.14 -6.22 -11.7, -0.79  0.05 0.62 -0.94, 2.18  -0.04 -0.45 -2.31, 1.40  

Height -0.19 -0.06 -0.11, 0.00  0.12 0.40 -0.22, 1.02  -0.09 -0.09 -0.27, 0.09  -0.04 -0.04 -0.25, 0.17  

Parental Education                

   Medium score 0.22 0.84 0.00, 1.67  -0.13 -6.08 -15.8, 3.68  -0.18 -2.37 -5.17, 0.42  0.05 0.63 -2.70, 3.95  

   High score 0.25 0.99 0.11, 1.87  -0.15 -6.98 -17.2, 3.28  -0.17 -2.38 -5.31, 0.56  0.02 0.25 -3.23, 3.72  

Sports Club Time                

   ≥30 - < 90mins -0.03 -0.12 -0.64, 0.40  -0.01 -0.41 -6.46, 5.64  0.07 1.07 -0.68, 2.81  -0.18 -2.65 -4.73, -0.57  

   ≥90mins -0.08 -0.36 -0.98, 0.26  0.04 2.34 -4.89, 9.56  0.11 1.84 -0.23, 3.91  -0.01 -0.15 -2.53, 2.23  

Model 2:  MVPA (mins) a  .40    .42    .45    .24  

-0.04 0.00 -0.01, 0.06  0.02 0.02 -0.09, 0.13  0.04 0.01 -0.02, 0.04  0.03 0.01 -0.03, 0.04  

Model 3:  TPA (mins) a  .40    .42    .44    .25  

0.00 0.00 0.00, 0.00  -0.06 -0.02 -0.07, 0.02  0.02 0.002 -0.01, 0.01  0.10 0.01 -0.04, 0.03  

Model 4: %MVPA of TPA b  .38    .43    .44    .24  

-0.04 -0.01 -0.05, 0.03  0.13 0.42 -0.04, 0.87  0.04 0.04 -0.09, 0.17  -0.08 -0.08 -0.23, 0.08  

Model 5:  Meeting WHO guidelines a .40    .42    .44    .24  

-0.04 -0.14 -0.61, 0.33  0.07 3.11 -2.51, 8.73  0.02 0.26 -1.36, 1.87  -0.03 -0.33 -2.25, 1.58  
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5.5 Discussion 
 

The importance of motor competency (Robinson et al., 2015; Stodden et al., 2008) 

and physical activity (Carson et al., 2017) during early childhood is well established, and 

a relationship between motor competency and PA in preschool-aged children is 

apparent (Barnett et al., 2016a; Figueroa & An, 2017; Holfelder & Schott, 2014; Jones 

et al., 2020). This study aimed to investigate this relationship further with specific 

analyses to explore the association between individual motor abilities and four different 

measures of physical activity derived from wrist-worn accelerometers. As outlined in the 

introduction we view motor abilities as the general traits or abilities underlying the 

performance of fundamental movement skill while physical fitness refers to the ability to 

carry out daily tasks and perform physical activities in a highly functional state.  Our 

results showed no statistically significant or substantial association between PA 

variables and individual motor abilities. These findings indicate that the covariates used 

to adjust the regression model i.e. for age, sex, height, parental education and time 

spent at a sports club, have a greater impact compared to certain PA variables on the 

motor abilities in our sample of preschool-aged children. 

Results from our study were not similar to previous studies that reported a significant 

relationship between measures of PA and performance on similar motor ability tests of 

speed and agility (Kambas et al., 2012; Wrotniak et al., 2006), lower leg explosive 

strength (i.e. SLJ) (Wrotniak et al., 2006), or balance (Kambas et al., 2012). However, 

these previous studies were conducted using correlational analyses; clearly when 

interpreting the relationship between PA and motor abilities, the type of analyses 

conducted (correlation versus regression) should be carefully considered. Regression 

analysis can provide greater insight as it enables researchers to adjust the association 

for multiple confounding factors. Differences in PA measurements also limit the 

comparability across studies as Kambas et al. (2012) used pedometer derived steps to 

measure PA and Wrotniak et al. (2006) used a different accelerometer with different cut-

off points to determine PA. Additionally, our study population was slightly younger than 

that of these previous studies as Kambas et al. (2012) studied 5 -6-year olds and 

Wrotniak et al. (2006) investigated 8 – 10-year olds. Loprinzi and Frith (2017) also found 
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no significant association between meeting PA guidelines and motor skills scores in 

children aged 3 – 5, however they used composite scores in their regression analyses. 

Iivonen et al. (2013) also found no significant association between MVPA and 

performance on the SLJ test in 4-year-old children however, they found that other 

individual test items, including OLS, were significantly associated with MVPA. Other 

studies have shown mixed results regarding associations between PA and different 

measures of motor abilities. One study found that higher total skills score and locomotor 

skills score was significantly associated with increased time spent in vigorous PA but 

not MVPA or TPA (Webster et al., 2019) while others reported significant associations 

between similar tests of motor abilities and measures of PA (Fang et al., 2017; 

Leppanen et al., 2018). However, these studies slightly differ from ours; for example, 

Leppanen et al. (2018) derived PA levels from doubly labelled water and Fang et al. 

(2017) and Webster et al. (2019) used composite motor competency scores in their 

analysis. Even though Leppanen et al. (2018) administered two of the tests used in the 

present analysis (shuttle run and standing long jump), they aimed to measure physical 

fitness which highlights how inconsistent terminology can further complicate 

comparisons across studies. Furthermore, Webster et al. (2019) used measures of 

motor competency as the independent variable and PA measures as the dependent 

variable while our analysis used PA measures as independent variables and motor 

ability as dependent variables. Although our results showed no significant associations, 

the tendencies and direction of the associations as well as the strength of our models 

suggest that certain associations may warrant further investigation. Specifically, 

associations between TPA and meeting WHO guidelines for PA may be of interest for 

future research. The relationship between PA and individual skills in preschool-aged 

children has not yet been fully explored in the literature as authors frequently use 

composite scores in their analyses which hinders the ability to investigate the effect of 

PA on the development of specific skills during the early years (Holfelder & Schott, 

2014). Comparability across studies which implement different test batteries could be 

improved if future authors report relationships between PA and similar individual test 

items.  
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Our results indicated that age was the strongest contributor to models predicting 

performance on SR, SLJ, LJ and OLS tests; older children had better performance on 

all of these tests. This is concurrent with the developmental model proposed by Stodden 

et al. (2008), which proposes that the relationship between PA and motor competency 

strengthens with age. Previous research has shown positive associations between 

motor competency during early childhood and PA levels during adolescence 

(Venetsanou & Kambas, 2017). Therefore, gaining a better understanding of PA levels 

and motor abilities of preschoolers may be important for understanding PA and motor 

competency of children and youth (Stodden et al., 2014). Of particular concern was that 

over half of the children in our study did not meet the current WHO PA 

recommendations for their age group, which may have consequences for motor 

competency and PA levels in the future. 

An interesting result was discovered during our analyses regarding how much time 

children spent at a sports club. Spending an average of 30 to 90 minutes per week at a 

sports club was significantly associated with increased performance on the OLS test 

and results for SR and LJ tests showed substantial, but non-significant associations in 

the regression models in line with the age effect, highlighting a complex interplay 

between these factors. These results are supported in the literature as Klein (2011), 

Krombholz (2006) and Birnbaum et al. (2016) all found that having a sports club 

membership was associated with increased performance on similar motor ability tests. 

As mentioned previously, sports club participation among this young age group in 

Germany typically represents “gymnastics” or structured exercises geared towards 

fundamental movements such as crawling, running and jumping rather than sports 

specific exercises. Consequently, our findings suggest that the structured and guided 

PA obtained through sports clubs may be beneficial to the development of specific 

motor abilities during the early years – or expressed in other words: the quality of PA is 

at least as equally important as the quantity of PA in young children. This is in 

agreement with recent evidence which suggests that opportunities for guided instruction 

on specific movements improves motor abilities (Robinson et al., 2015), therefore 

having a sports club membership, or attending another form of guided PA sessions, 
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may provide important benefits for the development of motor abilities during the early 

years (Barnett et al., 2016a). 

Although our motor ability tests were selected because they require small amounts 

of time and limited materials, allowing for effective testing of large groups of children 

(Klein et al., 2012) the product-oriented scoring method only measures the final product 

of each test (i.e. distance jumped, total speed). This does not allow for qualitative, or 

“process-oriented” assessment of test performance. The addition of some qualitative 

measures (i.e. video analysis or subscales of performance on tests) to give more 

indication of emerging motor abilities may provide a more comprehensive 

representation of children’s motor ability. As suggested by Robinson et al. (2015), both 

process and product-oriented tests should be implemented in order to gain a more 

complete measure of children’s motor competency.  Inclusion of a measure of 

endurance or aerobic fitness level may be beneficial as cardiorespiratory fitness has 

also been associated with increased motor proficiency in this age group (Robinson et 

al., 2015). 

Further limitations are presented when working with this age group as certain 

children may have difficulties understanding the tasks; therefore, performance may 

have been reduced due to a lack of understanding rather than poor motor ability. As this 

was an initial concern of study investigators, careful instructions and demonstrations of 

each test were given to all children by the same trained study nurses to promote 

consistency across all testing sessions. The addition of perceived motor competency 

measures could provide further information needed to better understand children’s 

motor ability and participation in PA as studies have shown that children with higher 

perceived motor competency are more likely to engage in higher levels of PA (Stodden 

et al., 2014). Due to the complex, multivariate nature of the relationship between motor 

competency and PA during the early years, future analyses should explore other 

accelerometer-derived variables such as predicted energy expenditure, bouts of MVPA 

or TPA, or sedentary time variables may provide additional information about the 

associations between motor competency and movement behaviours of preschool aged 

children. Additionally, researchers should investigate other measures of neurological 

development such as fine motor skills, coordination, dual tasking, as well as cognitive 
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and social emotional development. Lastly, cross-sectional analysis limits the ability to 

investigate causal links between PA and motor ability. Previous research indicates that 

changes in motor abilities are driven by PA during childhood (Barnett et al., 2016b; 

Burgi et al., 2011) and that the relationship between motor competency and PA 

strengthens over time (Stodden et al., 2008), therefore longitudinal analyses are 

required to investigate the impact that motor competency and PA during the early years 

have later in life. Ultimately, the study sample in the present analysis was 

underpowered to provide statistical inference on the hypothesized associations. 

Despite certain limitations, the present study addresses a current gap in the 

literature as we provided a detailed analysis of the relationship between multiple 

measures of PA and individual motor ability tests which is in line with recommendations 

from Jones et al. (2020) and Holfelder and Schott (2014). An additional strength of this 

study is the use of objectively measured PA, as energy expenditure was predicted from 

raw accelerometer data using a model that was developed from children of the same 

age and country (Steenbock et al., 2019). 

 

5.6 Conclusions 

In conclusion, this study did not find significant associations between multiple 

measures of PA and motor abilities, but other factors such as age and time spent at 

sports clubs seemed to be important factors. Further investigation is warranted to 

examine the development of motor abilities and whether environmental factors such as 

PA, parental education, and sports club membership can influence the process of motor 

ability development. We also recommend that future research should always include the 

quality of PA, and not only rely on quantity, especially when associations between PA 

and motor abilities is targeted. 
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Chapter 6. Study 4 Longitudinal relationship of physical 
activity, fitness, and cognitive development: insights from 
the IDEFICS/I.Family study 

 
6.1 Abstract 
Background: The purpose of this study was to examine the associations of early 

childhood physical fitness and physical activity (PA) with PA and cognitive function 

during later childhood/early adolescence by accounting for gender differences.  

Methods: Children from the IDEFICS/I. Family cohort (age 2.4 – 11.7 years) were 

included. At Baseline, physical fitness tests were conducted including Flamingo 

balance, Backsaver sit and reach, Handgrip strength, Standing Long Jump, 40-meter 

sprint and 20-meter Shuttle run (to estimate cardio-respiratory fitness levels). Actigraph 

accelerometers were used to measure PA over 3 days at Baseline (ActiTrainer or 

GT1M) and 7 days at Follow-up (GT3X). Evenson cutpoints were used to determine 

time spent in moderate-to-vigorous PA (MVPA), and children with ≥ 60 minutes of 

average MVPA were deemed as having met WHO guidelines at Baseline and Follow-

up. Cognitive function was measured by performance on the Hungry Donkey test and a 

modified version of the Berg card sorting test. Linear and logistic regressions were 

performed to examine the longitudinal associations between meeting WHO guidelines, 

MVPA, physical fitness tests, with MVPA and cognitive function. Models were 

conducted on the entire sample, the sex-stratified sample and on the sample stratified 

by sex and pubertal status at Follow-up. 

Results: Results showed that meeting WHO guidelines at Baseline was a strong 

predictor of MVPA and meeting WHO guidelines at Follow-up for the entire sample, and 

for males and females when stratified by sex. This was also true for both the male 

pre/early pubertal and pubertal groups but true for only the female pre/early pubertal 

group, and not the female pubertal group. Models also indicated that certain fitness 

tests including Standing Long jump, 40-meter sprint, Shuttle run and Flamingo balance 

at Baseline were strong predictors of MVPA and for meeting the guidelines at follow-up. 

No relevant associations were found between fitness tests or meeting guidelines and 

cognitive function tests.  
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Conclusions: Meeting WHO guidelines and certain fitness tests at baseline were 

strong predictors of MVPA and meeting WHO guidelines at follow-up, but this 

association varied with sex and pubertal status. Consequently, these findings underline 

the importance for ensuring sufficient physical activity of children at the earliest stages 

of life. 

 

6.2  Introduction 
 

In childhood, particularly during the school aged years, physical activity (PA) is 

favorably associated with numerous health indicators such as adiposity, cardiometabolic 

indicators and cognitive performance (Poitras et al., 2016). Higher intensities of PA such 

as moderate-to-vigorous PA (MVPA) are more frequently examined and have 

consistently shown associations with positive health outcomes (Poitras et al., 2016). 

Importantly, previous research suggests that PA behaviours can track over time 

(Jaakkola et al., 2019; Jones et al., 2013) however, there is a lack of longitudinal studies 

with long follow-up periods that could provide insight into the timing of the decline of PA 

or the effectiveness of targeted interventions at various stages of childhood.  

To encourage increased levels of PA during childhood, the World Health 

Organization has provided global PA recommendations targeted to children between 

the ages of 5 and 17 years and recommend a minimum of 60 minutes of MVPA per day 

(World Health Organization, 2010b). Research supports these recommendations; 

meeting these guidelines has been shown to be positively associated with lower 

adiposity, cardiometabolic disease risk and increased physical fitness in children 

(Poitras et al., 2016). 

According to Caspersen et al. (1985), physical fitness represents one’s ability to 

execute physical activities requiring aerobic capacity, endurance, strength or flexibility. 

Similar to PA, physical fitness has been deemed a positive indicator of health in 

childhood and adolescence (Ortega et al., 2008). Although the relationships between 

PA and physical fitness (Poitras et al., 2016), PA and cognitive function (Biddle et al., 

2019; Bidzan-Bluma & Lipowska, 2018), and physical fitness and cognitive function 

(Donnelly et al., 2016) during childhood and adolescence have been reviewed 
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previously, most studies have examined this relationship from a cross-sectional 

perspective or have solely examined PA as a determinant of fitness. To our knowledge 

limited longitudinal studies have investigated PA as a predictor of physical fitness 

(Huotari et al., 2011; Jaakkola et al., 2019; Jaakkola et al., 2016); most studies have 

focused on adolescents (Huotari et al., 2011; Jaakkola et al., 2019; Jaakkola et al., 

2016) have used a subjective measure of PA (Jaakkola et al., 2016) or had a short 

follow-up period (Jaakkola et al., 2019). With regards to cognitive function, longitudinal 

studies have shown that Baseline measures of fitness or PA have been cross-

sectionally and longitudinally associated with an increase in cognitive function in 5 year 

olds in a 9 month follow up study (Niederer et al., 2011) and 10 year olds after a one 

year follow-up period (Chaddock et al., 2012). Clearly, there is a need for further 

longitudinal investigations of the associations between physical fitness and cognitive 

function with objectively assessed PA over longer periods of time. Furthermore, as the 

transition period between childhood and adolescence is marked by developmental 

changes (e.g. increase in sex hormones, changes in body anthropometry) which may 

impact PA and physical fitness (Dumith et al., 2011; Stodden et al., 2008), studies 

should examine changes the relationship between PA, fitness and cognitive function 

based on pubertal status. 

Therefore, this study aimed to investigate the longitudinal associations between 

physical activity, physical fitness, and cognitive function from childhood through 

adolescence. Firstly, we examined the association of MVPA and meeting PA guidelines 

at Baseline with the same PA measures at Follow-up to examine tracking of PA 

behaviours over time (Aim 1). Secondly, we examined associations between Baseline 

levels of physical fitness with MVPA and meeting PA guidelines at Follow-up (Aim 2). 

Lastly, we examined the associations between Baseline measures of PA (meeting PA 

guidelines) and physical fitness with Follow-up measures of cognitive function (Aim 3). 

To examine how this association differed between males and females before and after 

puberty, all associations were conducted for i) the entire sample, ii) the sex-stratified 

sample, and iii) the sample stratified by sex and pubertal status at Follow-up. For Aim 1, 

it was hypothesized that children with higher levels of MVPA and children who met PA 

guidelines at Baseline, would have higher levels of PA at Follow-up. For Aim 2, we 
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hypothesized that children with better fitness test performance at Baseline would have 

higher amounts of MVPA, would be more likely to meet PA guidelines (WHO) at Follow-

up. Finally, for Aim 3 we hypothesized that children with higher levels of PA and 

physical fitness at Baseline and would have improved cognitive function measures at 

follow-up.  

 

6.3 Methods 

6.3.1 Study design and population 

The IDEFICS/I.Family cohort, registered under ISRCTN62310987, is a 

population-based study which aimed to examine lifestyle-related diseases in children 

and adolescents from eight European countries including Belgium, Cyprus, Estonia, 

Germany, Hungary, Italy, Spain, and Sweden (Ahrens et al., 2011). The IDEFICS study 

(Identification and prevention of dietary- and lifestyle-induced health effects in children 

and infants) comprised a baseline survey (T0, September 2007 – June 2008, n=16,299 

children aged 2.2-9.9 years) and two follow-up surveys (T1, September 2010 – May 

2011, n=11,041 children aged 4-11.9 years), including 2,555 newly recruited children 

(Ahrens et al., 2014); and T2, only conducted to assess dissemination of the 

intervention messages (by mail), not the full survey protocol. The follow-up surveys 

revealed only weak effects of the intervention (De Henauw et al., 2015), thus data from 

T0 and T1 were pooled together to incorporate a larger sample. Participants from T0 

and T1 of the IDEFICS study as well as their parents and siblings were invited to 

participate in an enhanced third follow-up, the I. Family study (T3, in 2013-2014, 

n=7,105) which aimed to gather additional information pertaining to the entire family 

(Ahrens et al., 2017). Requirements with respect to ethics approval and written or verbal 

(for children aged under 12 years) consent was obtained from local ethics committees 

by participating centres in all eight countries.  

The present analysis included longitudinal data from the IDEFICS baseline and 

follow-up surveys (T0/T1) as well as data from the I.Family survey (T3).  Accelerometer 

data was collected in a subsample at T0/T1 and T3, physical fitness data was only 

collected at T0/T1 and cognitive function was only assessed at T3. As these measures 
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were only collected in subsamples of the IDEFICS and I. Family populations, a total of n 

= 4, 329 children were considered for this analysis. From this smaller sample, an 

additional n = 19 children were excluded as there was less than 3 years between the 

baseline (T0 or T1) and follow-up (T3) assessments, as such a total of n = 4310 children 

were included in the present descriptive analysis. Given our research questions about 

the associations between physical activity, physical fitness, and cognitive function from 

childhood through adolescence, children must have i) completed at least one of the 

fitness tests at T0/T1, ii) provided parent survey information at T0/T1 and T3 and iii) 

have valid accelerometer data at T3 to be included in the final analyses. To be included 

in the cognitive function analyses, children must have also completed at least one of the 

cognitive function tests at T3. Children were not required to have accelerometer data at 

T0/T1 as a “missing category” was created for those who were not included in the 

accelerometry subsample. A total of n = 1, 280 children provided valid accelerometer 

data at T0/T1 and n = 1, 894 children provided valid accelerometer data at T3. The 

number of children who completed fitness tests ranged from 2, 106 to 4, 230.  

 

6.3.2 Covariate Information 

In all centres, children were asked to wear light clothing and remove shoes while 

height and weight measurements were taken by nurses who were trained to follow 

standardized protocols.  Height was measured to the nearest 0.1cm using a clinical 

Seca 225 stadiometer (Seca, Hambug, Germany). Weight was measured to the nearest 

0.1 kg using a BC420 SMA scale (Tanita, Amsterdam, Netherlands). Body mass index 

(BMI) was classified (thin/normal or overweight/obese) according to cutoffs established 

by Cole and Lobstein (2012). 

Survey data was collected from parents regarding age, sex, income, and socio-

economic status (SES). The highest educational level of parents was classified 

according to the international Standard Classification of Education (ISCED) to assess 

SES (UNESCO, 2012). ISCED classifications were collapsed into low (ISECD 0-4) and 

high (ISCED 5+) categories. An additional missing category was created for any 

participants who did not have data reported on ISCED status. During I. Family 
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assessments, information on pubertal development (i.e., voice change in boys and 

occurrence of the first menstrual period in girls) was used to classify children into 

pre/early pubertal or pubertal status. In some countries, Tanner stages were also 

assessed, and where information on pubertal status was missing, Tanner stages 1&2 

were classified as pre-pubertal and Tanner stage 3 was classified as pubertal (World 

Health Organization, 2010a). 

6.3.3 Physical Activity 

Physical activity was assessed using Actigraph accelerometers (Actigraph, LLC, 

Pensacola, FL, USA) worn on the right hip during waking hours only, full details 

regarding accelerometer data processing from the IDEIFICS study were previously 

reported by Konstabel et al. (2014). During the IDEFICS (T0/T1) protocol, children were 

asked to wear either the ActiTrainer or GT1M device for at least 3 days, including 1 

weekend day. For the I. Family (T3) protocol, children were asked to wear either the 

GT1M or GT3X+ device for a period of 7 days. Previous research has confirmed that 

activity counts from the vertical axis are comparable between the GT1M and GT3X+ 

devices (Sasaki et al., 2011), thus activity counts from only the vertical axis were used 

for this analysis. Devices were set to collect data at a sample rate of 30 Hz and data 

was downloaded in 15 sec epochs using ActiLife software (version 6, ActiGraph, 

Pensacola, FL). It should be noted that some centres inadvertently used 60 sec epochs 

for a considerable portion of their initial data processing, therefore all data were 

reintegrated into 60 sec epochs. Non-wear time was identified using a 60 minute 

window, to detect 30 minutes of consecutive zero counts, with a 2 minute tolerance for 

breaks of non-zero counts as defined by Choi et al. (2011). Participants were included if 

they had a minimum of 360 minutes of valid wear time on at least one weekday and one 

weekend day to compromise between accuracy and sample size as discussed in 

Konstabel et al. (2014). Remaining valid data were then scored using the Evenson cut 

points scaled up for 60 sec epochs (SED: 0 -100; LPA: 101 – 2295; MPA: 2296 – 4011; 

and VPA: 4012+) (Evenson et al., 2008). For the present analysis, average minutes per 

day spent in TPA (LPA+MPA+VPA), MVPA and average valid wear time (mean minutes 

per day) were calculated. Children were then classified as having met the WHO 

recommendations for physical activity for ages 5 -17 years if they obtained greater than 
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or equal to 60 mins of MVPA per day based on their average minutes spent in MVPA 

(World Health Organization, 2010b). As no children under 5 years were included in the 

PA analyses, only the WHO guidelines for 5 – 17-year-olds were used. A missing 

category was created for children who did not have valid accelerometer data at T0/T1; 

only children with accelerometer data at T3 were included in the analyses involving 

physical activity and fitness. 

 

6.3.4  Physical Fitness Tests 

Physical fitness testing was completed during T0 /T1 and the five test items were 

largely based on the ALPHA health-related fitness test battery which has shown 

reliability in children and adolescents (Artero et al., 2011; De Miguel-Etayo et al., 2014; 

Ruiz et al., 2011). Test items included: the Flamingo Balance test (FB), Backsaver Sit 

and Reach test (SAR), Handgrip Strength test (HGS), Standing Long Jump test (SLJ) 

and 40-m Sprint test (40mS). Additionally, the 20-meter Shuttle Run test (20mSRT). To 

be included in the present analysis, children must have completed at least one of these 

fitness tests. All testing protocols have been described previously (Ahrens et al., 2019; 

De Miguel-Etayo et al., 2014) and full details are provided in Supplementary Table 6.7.  

Briefly, during the FB test, children stood on one foot and the number of times 

their free leg touched the ground within 1 minute was recorded. For the SAR test, 

children reached as far as possible with one leg out straight, the furthest distanced 

reached (cm) was recorded. During the HGS test, children squeezed a dynameter (TKK 

5101; Takei, Tokyo, Japan) as hard as possible and results were recorded in kilogram 

force (kgf). For the SLJ test, children were instructed to jump as far as possible and land 

with feet together, the distance was from the starting point to the most posterior heel 

was recorded (cm). For the 40mS test, children ran a 40-meter distance as fast as 

possible, speed was recorded in kilometers per hour (km/h). Finally, the 20mSRT test 

was administered to assess cardio-respiratory fitness, children were instructed to run 

20-meters, back-and-forth while matching their pace to beep signals. Children continued 

until reaching fatigue or failing to complete the distance before the beep on two 

occasions. Estimate values of VO2 Max calculated using the Leger equation (Leger et 
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al., 1988) were used for analysis. Note that participants from Italy and Hungary were 

excluded for this test as Italian centres did not administer the test and Hungary used a 

different protocol that could not be unified with results from other centres.  

 

6.3.5 Cognitive Function Tests 

Cognitive function tests were administered during the I.Family assessments (T3). 

Two tests were included in the present study; the Hungry Donkey test was used to 

assess adaptive decision-making ability and the Berg Card Sorting test was used as a 

measure of cognitive inflexibility. These tests were chosen as decision-making ability 

and set shifting (cognitive inflexibility) are important components of executive function, 

which entails the cognitive processes that aid in self-control during goal-directed 

behaviours (Carlson et al., 2014; Miyake et al., 2000). Favorable associations have 

been found previously between measures of cognitive function and physical activity and 

physical fitness during childhood (Donnelly et al., 2016). Additionally, the cognitive 

processes responsible for cognitive control and evaluation of short-and-long term 

rewards are still being developed during adolescence (Spear, 2000), thus potential 

determinants of these cognitive processed warrant further investigation. Details of the 

tests used in the current analysis are briefly described below, full details are available in 

Supplementary Table 6.8. 

 

6.3.5.1 Cognitive inflexibility 

 A computerized version of the Berg Card Sorting test was used to assess cognitive 

inflexibility (Berg, 1948). Children were asked to sort four cards with different colours 

and symbols according to a particular rule that was unknown to the child. Feedback (i.e. 

“correct” or “incorrect”) was given after each card was sorted to help the child discover 

the rule of play. The rule was changed without notice every time 10 cards were correctly 

sorted in a row, leaving the child to discover the ‘new’ rule. Once the rule was changed, 

the number of cards sorted according to the previous rule was counted. These were 

referred to as preservative errors and were measured to assess cognitive inflexibility, a 
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higher number of preservative errors indicates more cognitive inflexibility (Berg, 1948; 

Mueller & Piper, 2014).  

 

6.3.5.2 Adaptive Decision Making 

Decision making ability was assessed using a computerized version of the 

Hungry Donkey test, a child-friendly version of the Iowa Gambling Task (Coumans et 

al., 2018; Crone & van der Molen, 2004). A detailed description of this task has been 

published by Crone and van der Molen (2004). Briefly, children had to help a hungry 

donkey get as many apples as possible by choosing doors presented on a screen. Each 

choice resulted in either i) larger immediate rewards but more apples being taken away 

in the long run (disadvantageous doors) or ii) smaller rewards but a larger number of 

apples in the long run (advantageous doors). Decision making ability was calculated by 

subtracting the number of disadvantageous choices from the number of advantageous 

choices. Children were either classified has “yes”, they have adaptive decision-making 

ability meaning they choose more advantageous doors or “no”, there was no indication 

of adaptive decision-making ability, and the child chose more disadvantageous doors 

(Bechara et al., 2000; Cortes-Patino et al., 2017).  

 

6.3.6 Statistical Analyses 

Descriptive statistics in terms of means, standard deviations and proportions were 

calculated to describe the study participant characteristics (T0/T1 and T3), fitness test 

performance (T0/T1), cognitive function test performance (T3) and PA variables (T0/T1 

and T3).  

 

6.3.6.1 Aim 1. Baseline PA and Follow-up PA 

To assess the longitudinal associations of PA behaviours, we first conducted linear 

regressions to assess the longitudinal association of meeting PA guidelines at T0/T1 

with MVPA at follow-up. Subsequently, logistic regressions were conducted to predict 

whether children who met WHO guidelines at baseline were more likely to meet WHO 

guidelines at follow-up. These regressions were adjusted for age, sex, country, ISCED, 
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income, BMI category all at T0/T1; and time between T0/T1 and T3 (gap), pubertal 

status and valid wear time at T3. These models were conducted for the entire sample, 

stratified by sex and thirdly, stratified by sex and pubertal status at T3. 

6.3.6.2 Aim 2. Baseline Physical fitness and Follow-up PA 

To assess the associations between baseline levels of physical fitness with PA 

measures at follow-up, performance on each fitness test at T0/T1 were all individually 

regressed onto average time spent in MVPA at T3 using linear regressions. 

Subsequently, logistic regression models were conducted to predict whether children 

with higher performance on physical fitness tests at T0/T1 predicted higher likelihood of 

meeting WHO guidelines at T3. These models were adjusted for age, sex, country, 

ISCED, income, BMI category, meeting WHO guidelines all at T0/T1; and time between 

T0/T1 and T3 (gap), pubertal status and valid wear time at T3. All regressions were 

conducted for the entire sample, stratified by sex and thirdly, stratified by sex and 

pubertal status at T3.  

 

6.3.6.3 Aim3. PA and Physical Fitness at Baseline and Cognitive Function at 
Follow-Up 

To examine the associations of PA and fitness at T0/T1 with cognitive function test 

performance at T3, linear regressions were conducted to predict the number of 

preservative errors at T3 (cognitive inflexibility) and logistic regression were conducted 

to predict the presence of adaptive decision making ability. First, linear regressions 

were conducted with meeting WHO guidelines and physical fitness variables as 

predictors of cognitive inflexibility (Berg Card Sorting Task). Then logistic regressions 

were conducted with the same predictor variable to predict adaptive decision-making 

ability (Hungry Donkey test). These models were adjusted for age, sex, country, ISCED, 

income, BMI category, all at T0/T1; and time between T0/T1 and T3 (gap), pubertal 

status and valid wear time at T3. Models with physical fitness tests were additionally 

adjusted for whether children met WHO guidelines at T0/T1. All regressions were 

conducted for the entire sample, stratified by sex and stratified by sex and pubertal 

status at T3.  
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Level of significance for all statistical analyses was set to α = 0.05 to obtain 95% 

confidence limits (95%CL) as a precision measure of beta estimates. In addition, 

standardized Beta coefficients were calculated.  All statistical analyses were conducted 

in IBM SPSS Statistics (Version 26.0) analytics software. 

 

6.4 Results 

Descriptive characteristics for age, anthropometry, PA, fitness test and cognitive 

function test performance for T0/T1 and T3 can be found in Table 6.1. In general, more 

males met the PA guidelines of ≥ 60 mins of MVPA at both T0/T1 and T3 times points. 

Performance on most fitness tests was similar between sexes, with females reaching 

slightly further on the Backsaver Sit and Reach (2.3 cm vs 18.9 cm) and males jumping 

further on the Standing Long jump test (111 cm vs 102 cm). For both males and 

females, average MVPA was higher at T0/T1 than at T3, (Females: 48 mins (T0/T1) vs 

43 mins (T3), Males: 59 mins (T0/T1) vs 51 mins (T3)). For the cognitive function tests, 

cognitive inflexibility was similar between males and females (mean # of preservative 

errors = 10.3 vs 10.4) while a higher number of females were recorded as having an 

adaptive decision-making ability compared to males (409 vs 388 scored as “yes”). 
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Table 6.1: Mean, SD and Range of descriptive variables from IDEFICS and I. Family, for the whole sample and stratified 
by sex.  

1WHO PA guidelines for 5 – 17-year-olds of 60 minutes of MVPA. Classified using average MVPA values 
2Assesed as number of preservative errors observed during the Berg Card Sorting Task 
3Assessed using the Hungry Donkey test, an adapted version of the Iowa Gambling Task 

  All (n=4310)  Male (n = 2149)  Female (n=2161) 
 n Mean SD Range N Mean SD Range N Mean SD Range 

IDEFICS  T0/T1 (Baseline) 
Age [years]  4310 7.5 1.0 2.40 – 11.7 2149 7.5 1.0 3.3 – 11.6 2161 7.6 1.0 2.40 – 11.7 
BMI z-score 4310 0.51 1.2 -5.3 – 4.6 2149 0.51 1.2 -5.3 – 4.6 2161 0.51 1.1 -4.7 – 4.0 
Valid Wear Time [min./day] 1273 762 143 434 – 1335 604 768 149 435 – 1335 669 757 136 441 – 1257 
MVPA [min./ day]  1273 53 24 1– 145 604 59 25 3 – 145 669 48 21 1 – 125 
WHO PA guidelines met?1             

Yes 448    283    165    
No 825    321    504    

FB [touchdowns] 3338 7.8 6.9 5 – 52 1563 9.0 7.5 2 - 52 1775 6.8 6.1 2 – 39 
SAR [cm] 4230 20.1 5.5 0 – 41 2101 18.9 5.4 0 – 35 2129 21.3 5.3 0 – 41 
HGS [kgf] 4166 11.0 2.9 2.5 – 26.6 2071 11.6 3.0 2.5 – 26.6 2095 10.4 2.7 2.5 – 24.3 
SLJ [cm] 4208 106 23 10 – 197 2089 111 24 10 – 197 2119 102 22 24 – 188 
40mS [km/h] 2106 9.4 1.2 6.6 – 15.5 1029 9.2 1.2 6.6 – 14.0 1077 9.5 1.1 6.8 - 15.5 
20mSRT [VO2 Max] 2387 47.7 2.8 37 – 60 1159 48.2 3.0 38 – 60 1228 47.1 2.5 37 – 56 
i.Family T3 (Follow-up)             
Age [years] 4310 12.6 1.3 7.7 – 16.2 2149 12.6 1.3 9.2 – 15.8 2161 12.7 1.3 7.7 – 16.2 
Years between T0/T1 and T3 4310 5.1 1.0 3.0 – 8.8 2149 5.1 1.0 3.0 – 8.8 2161 5.1 1.0 3.0 – 7.0 
Valid Wear Time [min./day] 1886 780 101 436 – 1350 916 777 106 453 – 1350 970 783 96 436 – 1262 
MVPA Time [min./day] 1886 47 20 0 – 135 916 51 212 0 – 135 970 43 18 6 – 125 
WHO PA guidelines met?1             

Yes 442    279    163    
No 1444    638    807    

Cognitive Inflexibility 2 2039 10.4 6.5 0 – 39 1008 10.3 6.2 0 – 34 1031 10.4 6.8 0 – 39 
Adaptive Decision-Making?3             

Yes 797    388    409    
No 1347      686    661    
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6.4.1 Aim 1. Baseline Physical Activity and Follow-Up PA 
 

 Results from the linear regression models using WHO guidelines at baseline to 

predict MVPA and WHO guidelines at follow-up are presented in Table 6.2. Meeting 

WHO guidelines for PA at T0/T1 was a significant predictor of increased amounts of 

MVPA at T3. When stratified by sex, meeting WHO guidelines at T0/T1 predicted 

increased amounts of MVPA at T3 for both males and females. In the stratified samples 

by sex and pubertal status at T3, meeting the WHO guidelines at T0/T1 was a strong 

predictor of increased MVPA at T3 in the pre/early pubertal groups and this was more 

pronounced in the female (adj. R2 = 0.29) than males’ group (adj. R2 = 0.21). Meeting 

WHO guidelines at T0/T1 was a strong predictor of increased MVPA at T3 for the male 

pubertal group but not for the female pubertal group.  

Results from the logistic regressions indicated that children who met the WHO 

guidelines at T0/T1 were much more likely to meet WHO guidelines at T3.  For males 

and females, meeting WHO guidelines at T0/T1 indicated a significantly higher 

likelihood of meeting WHO guidelines at T3. When stratified by sex and pubertal status 

at T3, results indicated that children who met the WHO guidelines at T0/T1 were more 

likely to meet guidelines at T3 in the male and female pre/early pubertal groups. 

However, this was not as true in the pubertal groups, especially in the female group as 

meeting WHO guidelines at T0/T1 did not increase the chance of meeting WHO 

guidelines at T3 in the female pubertal group.
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Table 6.2: Aim 1. Linear and logistic regressions examining associations between 
meeting WHO guidelines at baseline with MVPA and meeting WHO 
guidelines at follow-up 

 

ß = Beta coefficient, B = Standardized Beta coefficient, 95% CI = 95% Confidence Interval, OR = Odds Ratio 
“No” is references category for Meeting WHO guidelines  
a Models adjusted for Age, Sex, Country, ISCED, Income, BMI category, Gap, Pubertal Status, Valid Wear Time at T3 
b Models adjusted for Age, Country, ISCED, Income, BMI category, Gap, Pubertal Status, Valid Wear Time at T3 
c Models adjusted for Age, Country, ISCED, Income, BMI category, Gap, Valid Wear Time at T3 

 
 

Does meeting WHO guidelines at baseline predict MVPA at follow-up?  

 n ß B 95% CI Adj R
2
 P 

Whole Sample a 1886 8.3 .13 5.6, 11.1 .24 <.00 

Stratified by Sex         
Males b 916 9.7 .16 5.3, 14.1 .20 <.00 
Females b 970 7.4 .12 3.5, 11.3 .24 <.00 

Stratified by Sex and Pubertal status        
Pre/Early Pubertal Males c 399 10.8 .17 3.4, 18.2 .21 .00 
Pubertal Males c 473 6.9 .12 1.1, 12.8 .16 .02 
Pre/Early Pubertal Females c 419 14.6 .24 9.1, 20.1 .29 <.00 
Pubertal Females c 507 -.26 .00 -6.1, 5.6 .21 .93 

Does meeting WHO guidelines at baseline predict meeting WHO guidelines at follow-up? 

 n OR 95% CI R
2
 P 

Whole Sample a 1886 2.1 1.5, 3.14 .21 <.00 

Stratified by Sex        

Males b 916 2.5 1.5, 4.1 .19 <.00 

Females b 970 1.8 1.0, 3.2 .21 .03 

Stratified by Sex and Pubertal status       

Pre/Early Pubertal Males c 399 3.8 1.6, 8.9 .24 <.00 

Pubertal Males c 473 1.7 .87, 3.5 .17 .12 
Pre/Early Pubertal Females c 419 5.0 2.2, 11.7 .27 <.00 

Pubertal Females c 507 .61 .23, 1.6 .20 .33 
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6.4.2 Aim 2. Baseline Physical Fitness and Follow-Up PA 
 

Results from the linear regression models using physical fitness test performance 

at baseline to predict MVPA at follow-up are presented in Tables 6.3 and 6.4. As shown 

in Table 6.3, analysis on the whole sample revealed that increased performance on the 

SLJ, 40mSt, and 20mSRT at T0/T1 predicted increased levels of MVPA at T3. When 

stratified by sex, the increased SLJ, 40mS and 20mSRT performance predicted 

increased MVPA at T3 in the male group, while increased number of touchdowns on the 

FB test (decreased performance) predicted increased MVPA at T3 for the female group. 

In the stratified samples by sex and T3 pubertal status, results for the pubertal male 

group showed that increased performance on the 40mS test (reduced time) was a 

strong predictor of increased MVPA at T3 and increased SLJ performance was trending 

as a predictor of increased MVPA at T3. In the female pubertal group, increased 

touchdowns on the FB test (decreased performance) was the only strong predictor of 

increased MVPA at T3.  

As shown in Table 6.4 results from logistic regressions showed that some 

physical fitness tests had statistically significant associations with meeting WHO 

guidelines at T3 (p <.05), but OR were ≤ 1. Specifically, results indicated that increased 

SLJ performance was associated with meeting WHO guidelines at T3. For males, better 

performance on the SLJ and 20mSRT was associated with meeting WHO guidelines at 

T3, no associations were found in the female group. In the male pubertal group, better 

performance on the SLJ had a statistically significant impact on meeting guidelines at 

T3, but the OR was equal to 1. The same phenomenon was observed in pubertal 

females, as decreased performance on the FB test (increased touchdowns) was a 

statistically significant predictor of meeting WHO guidelines in T3, with an OR of 1.1. 
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Table 6.3: Aim 2. Linear regressions of associations between physical fitness at baseline and average MVPA at follow-up 

ß = Beta coefficient, B = Standardized Beta coefficient, 95% CI = 95% Confidence Interval, FB = Flamingo Balance, SAR = Backsaver Sit & Reach, HGS = 
Handgrip Strength, SLJ = Standing Long Jump, 40mS = 40-meter Sprint, 20mSRT = 20-meter Shuttle Run 
a Models adjusted for Age, Sex, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Pubertal Status, Valid Wear Time at T3 
b Models adjusted for Age, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Pubertal Status, Valid Wear Time at T3 
c Models adjusted for Age, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Valid Wear Time at T3 
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Table 6.4: Aim 2. Logistic regressions of associations between physical fitness at baseline and meeting WHO guidelines 
at follow-up 

OR = Odds Ratio, 95% CI = 95% Confidence Interval, FB = Flamingo Balance, SAR = Backsaver Sit & Reach, HGS = Handgrip Strength, SLJ = Standing Long 
Jump, 40mS = 40-meter Sprint, 20mSRT = 20-meter Shuttle Run 
a Models adjusted for Age, Sex, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Pubertal Status, Valid Wear Time at T3 
b Models adjusted for Age, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Pubertal Status, Valid Wear Time at T3 
c Models adjusted for Age, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Valid Wear Time at T3 
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6.4.3 Aim 3. Physical Activity, Fitness and Cognitive Function 
 

Results from the cognitive function analyses are presented in Tables 6.5 and 
6.6. All models did not show a substantial goodness of fit, however some fitness tests 

did statically significantly contribute to the models, although OR were less than or equal 

to 1. Table 6.5 presents data from the linear regressions using WHO PA guidelines and 

fitness test performance at T0/T1 to predict cognitive inflexibility (preservative errors) at 

T3, measured by the Berg Card Sorting Task. Results indicated that meeting WHO 

guidelines at T0/T1 was not indicative of improved cognitive inflexibility (i.e., decreased 

preservative errors) and only decreased performance on the FB test (increased 

touchdowns) was associated with increased cognitive inflexibility (higher number of 

preservative errors). In the sex-stratified sample, decreased FB test performance was 

associated with increased cognitive inflexibility and increased 20mSRT performance 

was associated with improved cognitive inflexibility (i.e., decreased preservative errors) 

only in the male group. In the stratified samples by sex and T3 pubertal status, 

increased 20mSRT performance in the male pre/early pubertal group was associated 

with improved cognitive inflexibility (i.e., decreased preservative errors) and decreased 

FB test performance in the male pubertal group was associated with increased cognitive 

inflexibility. No associations were found in the female pre/early pubertal or pubertal 

groups.  

The logistic regressions with adaptive decision-making ability measured by 

performance on the Hungry Donkey test are shown in Table 6.6. Results indicated that 

meeting WHO PA guidelines at T0/T1 and high performance on fitness tests did not 

predict a higher likelihood of an increased adaptive decision-making ability at T3 for the 

whole sample and the sex stratified sample. Decreased FB performance and increased 

SLJ performance in the male pubertal group were the only tests that were statistically 

significantly associated with increased likelihood of adaptive decision-making ability at 

T3 according to the p values, but the OR were equal to 1, indicating no statistical 

significance. 



 

115 
 

Table 6.5: Aim 3. Linear regressions of fitness and meeting WHO guidelines at baseline to predict cognitive inflexibility1 at 
follow-up 

ß = Beta coefficient, B = Standardized Beta coefficient, 95% CI = 95% Confidence Interval, WHO = meeting WHO guidelines, “No” as reference, FB = Flamingo Balance, SAR = 
Backsaver Sit & Reach, HGS = Handgrip Strength, SLJ = Standing Long Jump, 40mS = 40-meter Sprint, 20mSRT = 20-meter Shuttle Run 
1 Cognitive inflexibility measured via number of preservative errors during the Berg Card Sorting Task 
a Models adjusted for Age, Sex, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Pubertal Status, Valid Wear Time at T3 
b Models adjusted for Age, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Pubertal Status, Valid Wear Time at T3 
c Models adjusted for Age, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Valid Wear Time at T3 
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Table 6.6: Aim 3. Logistic regressions of fitness and meeting WHO guidelines at baseline to predict adaptive decision-
making ability1 at follow-up 

95% CI = 95% Confidence Interval OR = Odds Ratio FB = Flamingo Balance, SAR = Backsaver Sit & Reach, HGS = Handgrip Strength, SLJ = Standing Long Jump, 40mS = 40-meter 
Sprint, 20mSRT = 20-meter Shuttle Run  
1 Adaptive decision-making ability was assessed by the Hungry Donkey test 
a Adjusted for Age, Sex, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Pubertal Status, Valid Wear Time at T3 
b Adjusted for Age, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Pubertal Status, Valid Wear Time at T3 
c Adjusted for Age, Country, ISCED, Income, BMI category, WHO guidelines met at Baseline, Gap, Valid Wear Time at T3 
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6.5 Discussion 
 

The current study aimed to examine the longitudinal associations between childhood 

physical fitness and physical activity, and physical activity and cognitive function during 

later childhood/early adolescence and how this association differed between males and 

females. Results indicated that baseline PA was a predictor of follow-up PA, certain 

physical fitness tests were associated with follow-up PA and baseline PA and physical 

fitness were not associated with follow-up cognitive function tests.  

 

6.5.1 Baseline Physical Activity and Follow-Up PA 

Results from this study support previous research that indicates PA behaviours 

can track over time (Jaakkola et al., 2019; Jones et al., 2013; Potter et al., 2018). 

Recently, Potter et al. (2018) found that PA time in children aged 4-5 years moderately 

tracked over a period of 3 years while Jaakkola et al. (2019) found that accelerometer-

derived MVPA from 11-year-old children at Baseline was significantly associated with 

MVPA one year later. While these results are interesting, Potter et al. (2018) used a 

questionnaire to assess PA and did not collect information on PA intensity and Jaakkola 

et al. (2019) used a short follow-up period of just one year. Our results showed that 

meeting PA guidelines during T0/T1 was strongly associated with average time spent in 

MVPA and children who obtained greater than or equal to 60 minutes of MVPA at T0/T1 

were more likely to do so an average of 5.1 (1.0) years later.   

These associations were found for both sexes, however results differed when the 

sample was stratified by sex and pubertal status at T3. Meeting PA guidelines at T0/T1 

remained a strong predictor of MVPA at T3 in males regardless of pubertal status, but it 

did not predict MVPA at T3 in females within the pubertal group. Additionally, males and 

females in the pre/early pubertal groups who met PA guidelines at T0/T1 were more 

likely to meet guidelines at T3, but this was not true for males and females in the 

pubertal groups. One possible explanation for this finding is that PA does not track over 

time but rather it declines during adolescence. Research supports this idea as 

numerous studies have shown that PA declines from childhood to adolescence (Corder 
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et al., 2015; Dumith et al., 2011; Haas et al., 2021) and that PA declines more rapidly in 

girls than boys (Corder et al., 2010; Dumith et al., 2011; Okely et al., 2017). 

Consequently, results from the most recent Health Behaviour in School-aged Children 

(HBSC) survey in Europe and Canada suggest that PA levels are consistently lower in 

girls compared to boys at all ages, and that the decline in PA during adolescence is 

steeper in boys compared to girls (Inchley et al., 2020). However, PA estimates were 

derived from self-reported questionnaires for this survey. Findings from Farooq et al. 

(2018) suggest that PA does not start declining during adolescence, but rather propose 

that PA is already declining by the time children reach school-age. Therefore, another 

possible explanation of our findings is that PA levels were the highest at T0/T1 in the 

pre/early pubertal groups and remained high enough to meet guidelines for children 

who stayed in the pre/early pubertal groups. For children who transitioned through 

puberty between T0/T1 and T3, or who had already reached puberty at T0/T1, their 

levels of PA had been declining for years meaning they may have had enough PA to 

marginally meet PA guidelines at T0/T1 but due to continued declines in PA, they did 

not acquire enough MVPA to meet guidelines at T3. Previous studies did not account 

for pubertal status in their analyses (Corder et al., 2015; Farooq et al., 2018), therefore 

the role of puberty in the change of PA from childhood to adolescence should be further 

investigated. Furthermore, pubertal status should be considered during design 

intervention and additional consideration should be given to strategies or developmental 

theories concerning PA in pubertal females.  Whether PA tracks over time or PA beings 

to decline at a young age, the findings from our study have important implications for 

future interventions and emphasize the importance of targeting PA habits during early 

childhood.  

 

6.5.2 Baseline Physical Fitness and Follow-Up PA 

Results from our statistical analyses involving fitness tests performed T0/T1 

showed that better performance on the SLJ, 40mS and the 20mSRT were associated 

with increased MVPA at T3 and increased SLJ performance was statistically 

significantly associated with meeting PA guidelines at T3. Although the OR for this 

association was equal to 1, the information gained from the regression analyses 
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indicates that SLJ is associated with increased MVPA at follow-up and therefore SLJ 

performance may be an important contributor for meeting PA guidelines at baseline. 

The results are concurrent with findings from Jaakkola et al. (2016) who found that 

physical fitness in a sample for 12-year-olds was longitudinally associated with PA six 

years later, however they used a composite score for fitness and PA was assessed via 

a questionnaire in their analyses.  

Our results from the sex stratified sample showed that associations between fitness 

at T0/T1 and MVPA or meeting guidelines at T3 differed between males and females. In 

the male group, increased SLJ, 40mS and 20mSRT (cardio-respiratory fitness) 

performance were associated with increased MVPA at T3. Associations between SLJ 

and 40mS, and meeting WHO guidelines at T3 were statistically significant, however the 

odds of meeting guidelines were not increased for those with higher test performance. 

For all female participants and pubertal females, only their performance on the FB test 

was associated with MVPA at T3, however the direction of this association indicated 

that increased number of touchdowns (decreased balance) was associated with 

increased MVPA. More research is needed to clarify this association and additional 

measures of balance (static and dynamic) should be examined. Furthermore, it remains 

unclear why performance on other fitness tests (SLJ, 40mS and 20mSRT) were 

associated with follow-up PA in males and not females. Future research is needed to 

elucidate the mechanisms behind the observed sex differences in associations between 

specific fitness tests and PA. 

 Previous research has found sex differences in the associations between fitness 

and PA; Huotari et al. (2011) showed that increased fitness levels during adolescence 

predicted higher PA engagement during adulthood in males and not females.   

Additionally, Jaakkola et al. (2019) found that cardiorespiratory fitness as measured by 

the 20mSRT, was longitudinally associated with MVPA in boys and not girls, although 

participants were, on average, older at baseline (11.36 years compared to our average 

of 7.5 years). In the sex and pubertal status stratified groups, fitness tests were only 

statistically significantly associated with meeting guidelines in the pubertal groups. This 

could potentially be explained by the increased strength of the relationship between 

fitness and physical activity during middle to late childhood as postulated by Stodden et 
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al. (2008). However the variation in growth and maturation during adolescence makes it 

difficult to fully comprehend the association between fitness measures and PA 

(Armstrong, 2013) 

 

6.5.3 Physical Activity, Fitness and Cognitive Function analyses 

  Our findings indicated that PA and physical fitness were not associated with 

cognitive function test performance as our models did not show a substantial goodness 

of fit, indicating that PA and physical fitness during T0/T1 were not associated with 

cognitive inflexibility or adaptive decision-making ability at T3. These results are not 

concurrent with other findings as previous reviews have found positive associations 

between physical activity and cognitive functioning in children (Donnelly et al., 2016; 

Lees & Hopkins, 2013; Sibley & Etnier, 2003), although many different methods have 

been used for the assessment of cognitive function in children which may limit 

comparability across studies. 

Results from our cognitive inflexibility analyses showed that decreased FB test 

performance (i.e., higher number of touchdowns) was associated with increased 

cognitive inflexibility (increased preservative errors) in the whole sample, the male 

group, and the pubertal female group. An additional association was found in the male 

group and the male pre/early pubertal group which indicated that increased 

cardiorespiratory fitness as assessed by the 20mSRT was associated with decreased 

cognitive inflexibility (i.e., increased cognitive flexibility). Previous results have shown 

that higher participation in organized sport was cross-sectionally associated with 

increased set shifting as measured during a similar card sorting task (McNeill et al., 

2018), and that aerobic fitness as dynamic balance were longitudinally associated with   

increased measures of Executive Function after a 9 month follow-up period (Niederer et 

al., 2011). However, both of those studies were conducted in preschoolers, and 

therefore additional longitudinal studies are needed to fully explore the associations 

between PA, physical fitness, and cognitive functioning.  

The adaptive decision-making ability analyses revealed no statistically significant 

associations between PA or physical fitness and increased likelihood of having an 
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adaptive decision-making ability at T3. However, performance on the FB test and SLJ 

was statistically significantly associated with adaptive decision-making ability for 

pubertal females. A previous cross-sectional study found that performance on the 

Hungry Donkey test was lowest in 12 to 13 year olds compared to children aged to 8 - 

11 years and 14 – 17 years (Cortes-Patino et al., 2017). As the mean age of our sample 

was 12.6 years at Follow-up, the lack of an association between PA, physical fitness 

and adaptive decision-making ability may have been caused by general poor task 

performance associated with this age group. Additionally, a previous review suggested 

that movement is more important for cognitive function rather than the intensity (Sibley 

& Etnier, 2003), therefore future studies should continue to investigate the association 

between all types of physical activities and measures of cognitive function such as 

adaptive-decision making abilities in children.  

 

6.5.4 Strengths and Limitations 

Although thus study has some major strengths such as a relatively large sample 

size, a longitudinal study design with a long follow-up period and the use of 

accelerometers to obtain objective measures of physical activity, some limitations 

should be mentioned. The first limitation is that we did not collect physical fitness data at 

T3, preventing us from examining the bidirectionality of the relationship between 

physical activity and physical fitness over time. Subsequently, we did not collect 

Baseline measures of cognitive function which prevented us from examining 

associations between PA, fitness, and the change in cognitive functioning. However 

both the Hungry Donkey Test (Crone & van der Molen, 2004) and the Berg Card sorting 

Task (Heaton et al., 1993), have only been used in children as young as 6 years, 

therefore it is unclear if these tests are appropriate for children of a younger age. An 

additionally limitation is that although our study design incorporated a large timeframe 

between T0/T1 and T3, more follow-ups with shorter time intervals may have provided 

more insight into the effect of puberty on the relationship between PA and fitness with 

follow-up PA.  Furthermore, we did not include measures of pubertal status at T0/T1, 

and therefore future studies should analyze the effect of the transition through puberty 

on the association between fitness and PA. Finally, future research should examine the 
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types of physical activities regularly engaged in by males and female children and how 

sports participation varies with sex and development (e.g., pubertal status).  

 

6.6 Conclusions 

To conclude, this study found that children meeting WHO guidelines for PA of 

greater than or equal to 60 minutes of MVPA per day at baseline, was associated with 

MVPA and higher likelihood of meeting those guidelines at follow up. Additionally, some 

fitness tests such as Standing Long Jump, Flamingo balance test, 40-meter sprint and 

20-meter Shuttle Run test of cardiorespiratory fitness were longitudinally associated 

with MVPA, and meeting PA guidelines and these associations varied with sex and 

pubertal status. Results from the present study emphasize the critical importance of 

engaging children in PA during early childhood to increase the likelihood of sustained 

PA engagement later in life and that habitual physical activity should be supported by 

structured physical activities (e.g., during daycare facilities, schools, sport clubs) to 

strengthen children’s fitness. 
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6.7 Supplementary Material 
Supplementary Table 6.7: Detailed description of Physical Fitness Testing Protocols 

Physical Fitness 
Test 

Ability assessed Testing Protocol 

Flamingo Balance 
(FB) 

single leg balance • Children stood on one foot, bent free leg backwards and held their foot. 
• Children were instructed to maintain position for 1 minute 
• Each child was given one practice trial.   
• The number of attempts needed to stand on one leg for one full minute was recorded 
• Children were excluded if they touched down >15 times within the first 30 seconds.  
• Score = sum of attempts on both legs; lower scores indicate better performance. 

Backsaver Sit & 
Reach 

(SAR) 

hamstring flexibility • Testing required a standard box with a scale on top, each leg was assessed separately.  
• Children sat with their testing leg straight, foot flat against the box, while the other leg was 

relaxed in a bent position and slowly reach as far forward as possible.  
• Children had 2 attempts per leg, the furthest distance reached was recorded for each leg.  
• Score = avg max distance reached of both legs; higher scores indicate better performance. 

Handgrip Strength 

(HS) 

maximal upper 
body isometric 

force production 

• Children stood with both feet shoulder width apart and extend arms by their side.   
• Holding a dynamometer (TKK 5101; Takei, Tokyo, Japan), children were told to squeeze as 

hard as possible, without letting the dynamometer touch any part of their body.  
• Dynamometers were adjusted for sex and hand size for each child (Ruiz et al., 2006).  
• The scale started at 5 kg, to children who did not reach this were given a score of 2.5 kg  
• The test was performed twice per hand, and the highest score per hand was recorded. H 
• Score = avg of right and left handgrip strength; higher scores indicate better performance. 

Standing Long 
Jump 

(SJL) 

lower limb 
explosive strength 

• Children jumped as far as possible without falling and land with both feet together.  
• Attempts were invalid if the child touched the ground with their hands upon landing.  
• Distance was measured from the point of take-off to the back of the most posterior heel.  
• Two attempts were given 
•  Score = furthest distance jumped (cm). Higher scores indicate better performance. 
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40-meter Sprint 

(40mS) 

maximum running 
speed 

• 40 meters was marked off by 5 cones placed 10-meters apart.  A running lane was created 
by placing another row of 5 cones, 3 meters apart from the first row of marker cones.  

• Children were instructed to run as fast as possible upon a starting signal. The test was 
performed twice,  

• Score = fastest time; lower scores indicate better performance. 

20-meter Shuttle-
Run (20mSRT) 

cardio-respiratory 
fitness 

(VO2 Max) 

• Children were instructed to run back-and-forth between two lines that were 20 meters apart 
while matching their pace to a recording of beep signals.  

• The child continued to run until reaching fatigue or failing to reach the line before the beep 
on two consecutive occasions. 

• Protocols were unified using the Leger protocol to estimate VO2 max 

Unification of Protocols: 

• 4 different versions of this test were applied during field assessments. The Multistage 
fitness test (sports coach UK) was applied in Germany, Estonia and Cyprus; the Leger 
test (CAEP Quebec Faca) was applied in Spain and Hungary, the Multistage fitness test 
was applied in Sweden and the Uithouding Shuttle run test was conducted in Belgium.  

• The Leger protocol (Leger et al., 1988) was used to unify results. 
o initial speed for the Leger test (8.5 km/h) and increases in increments of 0.5 

km/h for each auditory beep cue;  
o this rate of change between the auditory cues was used to estimate the number 

of shuttles ‘beeps’ completed by a child for the other three protocols.  
o This information was then converted to stages and, using the Leger equation 

(Leger et al., 1988), stages were used to estimate maximal oxygen consumption 
(VO2max);  the greater the number of shuttles completed indicates better 
performance.  

o For analyses including the 20mSRT, participants from Italy and Hungary were 
excluded; Italian centres did not administer this test and shuttles were counted 
differently in Hungary and could not be reconciled using our analysis approach. 
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Supplementary Table 6.8: Detailed description of Cognitive Function Testing Protocols 

 

Cognitive Function 
Test 

Measures Testing Protocol 

Hungry Donkey 

 
(Adapted from Iowa 

Gambling Task) 

decision making 
ability 

• In 100 trials, children had to help a hungry donkey get as many apples as possible 
by choosing one of 4 doors presented on the screen.  

• Each choice resulted in a reward; the donkey was given a certain number of apples. 
• Some choices resulted in punishment meaning apples were taken from the donkey.  
• Doors 1 and 2 resulted in larger immediate rewards but ultimately resulted in more 

apples being taken away, as such they were classified as disadvantageous doors.  
• Doors 3 and 4 results in smaller amounts of apples being rewarded but resulted in a 

larger number of apples in the long run and were classified as advantageous doors.  
• Decision making ability = # of advantageous choices - # of disadvantageous choices  
•  “yes” = adaptive decision-making ability (more advantageous doors) 
•  “no” = no adaptive decision-making ability (more disadvantageous doors)  

Berg Card Sorting 
Task 

 
(Also referred to as 
the Wisconsin Card 

Sorting Test) 

cognitive inflexibility • Children sorted 4 cards with different colours and symbols according to a particular 
unknown rule  

• Feedback (“correct”/ “incorrect”) given after sorting each card to help the child 
discover the rule.  

• The rule was changed without notice every time 10 cards consecutively correctly, 
leaving the child to discover the ‘new’ rule.  

• Once the rule was changed, the number of cards sorted according to the previous 
rule was counted. 

• Preservative errors = number of cards sorting according to previous rule after new 
rule implemented 

• Measure of cognitive inflexibility, a higher number of preservative errors indicates 
more cognitive inflexibility  
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Chapter 7. Dissertation Progress Summary 2 
 
7.1 Key Findings 
 

A summary of research questions, study objectives and results for Studies 3 and 4 

are presented in Figure 7.1. 

 

 

Figure 7.1: Outline of research questions, objectives, and summary of results 
from Studies 3 and 4. 

 
7.1.1 Study 3 

Findings for Study 3 are summarized in Figure 7.1. The association between four 

different measures of physical activity with five individual motor ability tests in 

preschool-aged children was examined. Results showed no significant associations 

between any of the physical activity metrics and performance on motor ability tests. 

Study 3: Is MVPA, TPA, % of TPA in MVPA and meeting PA guidelines 
associated with individual motor abilities?

Study 4: Are baseline measures of PA and physical fitness associated with 
follow-up measures of PA and cognitive function?

Objectives

Examine cross-sectional 
association between 

individual motor abilities and 
measures of PA from 3 -6 

year olds

Results Summary

• No statistically significant associations found between MVPA, TPA, % of TPA in 
MVPA and meeting PA guidelines 

• Relationships between TPA  and meeting PA guidelines and motor abilities 
warrants further investigation 

• Factors including  age, parental education and sports club time showed 
substantial associations with motor abilities

Results Summary

• Baseline MVPA and meeting PA guidelines predicted MVPA and meeting PA 
guidelines at follow-up, this relationship differed with sex and pubertal status

• Increased performance on some fitness was associated with increased MVPA 
and meeting PA guidelines at follow-up

• Baseline PA, meeting PA guidelines  and fitness were not associated with 
follow-up cognitive function measures

Objectives

Examine longitudinal 
associations between 

baseline PA and physical 
fitness with PA and cognitive 

function at follow-up
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Although associations did not reach statistical significance, the directionality and 

tendencies of associations combined with the strength of certain models suggest that 

further examination is warranted into associations between TPA and meeting PA 

guidelines in preschool-aged children. Findings from this study demonstrated that other 

factors such as age, time spent at a sports club and parental education showed strong 

associations with motor abilities in our sample. Subsequently, specific types of activities 

(i.e., those performed at a sports club) may have a greater influence on motor ability 

and thus development of fundamental movement skills, compared to the quantity of 

physical activity. Future studies should explore the relationship between specific 

activities and motor abilities by comparing children with and without sports club 

memberships as well as children who participate in organized sports during the early 

years compared to those who do not. Additionally, tests that assess the quality of motor 

ability or fundamental movement skill performance could provide more insight into the 

relationship between motor competence and PA. Longitudinal observations of these 

associations may provide insight into why certain children have better motor abilities 

and subsequent motor competency compared to others, while providing important 

information for future interventions and policy development (i.e., physical education 

curriculum). 

7.1.2 Study 4 

In Study 4, the longitudinal associations between PA, physical fitness, and 

cognitive function in a large cohort of children were examined. All associations were 

conducted for the entire sample, the sex-stratified sample, and the sample stratified by 

sex and pubertal status at follow-up to provide insight into how these associations 

differed between males and females before and after puberty. Key findings from this 

study are summarized in Figure 7.1. 

Results for Aim 1; examining whether PA measures at baseline were associated 

with PA at follow-up, suggest that PA behaviours track over time as children who met 

PA guidelines at baseline had increased levels of MVPA and were also more likely to 

meet PA guidelines at follow-up. Interestingly this association was found in the entire 

sample and the sex-stratified sample but differed when the sample was stratified by 

pubertal status and sex. Meeting PA guidelines at baseline was associated with 
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increased levels of MVPA and increased likelihood of meeting PA guidelines at follow-

up for the male and female pre/early pubertal groups, but not in the pubertal groups. 

Meeting guidelines at baseline was only associated with increased levels of MVPA in 

pubertal boys, however future studies should continue to examine associations between 

baseline and follow-up measures of PA during puberty with larger sample sizes. This 

longitudinal analysis highlights the importance of interventions targeting PA behaviours 

throughout childhood and adolescence, particularly in females. 

Analyses examining the associations between physical fitness and PA (Aim 2) 

indicated that fitness tests such as the Standing Long Jump (SLJ), Flamingo Balance 

(FB), 40-meter Sprint (40mS) and cardiorespiratory fitness as measured by the 20-

meter Shuttle Run test (20mSRT) may be associated with higher levels of MVPA at 

follow-up. Results implied that the importance of physical fitness components may vary 

depending on sex. Future studies should continue to investigate the longitudinal 

relationship between physical fitness, including its’ underlying motor abilities, and 

physical activity to determine potential mechanisms of these observed sex differences.  

Results from the cognitive function analyses (Aim 3) suggested that meeting PA 

guidelines and physical fitness test performance were not associated with cognitive 

function at follow-up. Findings suggest that the relationship between certain fitness tests 

(FB and 20mSRT) and cognitive functioning should be further explored. Future studies 

should investigate associations between other intensities of movement such as 

sedentary behaviour and light physical activity, and additional measures of cognitive 

function to examine if other movement behaviours are related to a wider variety of 

cognitive function constructs. Additionally, studies should examine the change in 

cognitive function from early childhood to adolescence and how this may be associated 

with the change in movement behaviours during this critical developmental period.  

Study 4 presents important results that provide insight into the longitudinal 

associations between multiple indicators of health from a large, multinational sample. 

Results provide further support for investigation of the complex relationships between 

physical activity, physical fitness, and cognitive function and how these associations 

differ between males and females before and after puberty. 
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Chapter 8. General Discussion 
 
8.1 Summary of research aims 
 

This dissertation aimed to highlight the different methodologies currently used to 

collect and analyse accelerometer data acquired from young children and to examine 

the implications of different processing methods on physical activity and sedentary 

behaviour outcomes. A secondary aim was to gain further insight into the relationships 

between physical activity and motor abilities, physical fitness, and cognitive function in 

young children. For Study 1, an extensive scoping review was conducted to examine 

the data collection and processing methods reportedly used by scientists and clinicians 

over the past eleven and a half years (2009-2021) to quantify young children’s 

movement behaviours via accelerometry. This study resulted in a comprehensive list of 

recommended reporting practices for researchers to consider when designing study 

protocols for measuring movement behaviours in young children. The effect of applying 

different cutpoints to young children’s accelerometry data was examined in Study 2. It 
was hypothesized that applying different cutpoints would significantly impact 

accelerometer outputs which would, in turn, result in a significant change in the number 

of children classified as meeting the Canadian guidelines for physical activity.  The last 

set of studies (Studies 3 and 4) investigated the cross-sectional associations between 

young childrens’ physical activity and individual motor abilities (Study 3) and the 

longitudinal associations between physical activity, fitness, and cognitive function 

(Study 4). It was hypothesized that children with increased levels of physical activity 

would have increased performance on key motor abilities (Study 3) and that young 

children with increased physical fitness test performance and physical activity at 

baseline would have increased physical activity levels and cognitive function at follow-

up several years later (Study 4). 

 

8.2 Integrated impact of findings  
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Results from Studies 1 and 2 demonstrate the large variability in current methods 

used to obtain and analyse accelerometer data obtained from young children, and that 

certain choices (i.e. cutpoints) can drastically affect outcome measures such as time 

spent in sedentary behaviour, light physical activity and moderate to vigorous physical 

activity. Inconsistencies in methodologies used to analyse movement behaviours in 

young children has been reviewed previously (Bruijns et al., 2020; Cain et al., 2013b; 

Migueles et al., 2017), but reviews have mainly focused on studies using specific 

devices, were limited to specific age ranges and did not thoroughly report on the 

settings in which studies were conducted (i.e. free-living vs preschool/childcare). The 

inclusion of studies using a wide variety of accelerometers in sample populations with 

large age ranges that included young children and studies conducted across multiple 

settings, ensures that Study 1 provides an extensive overview of methods being used to 

collect and process accelerometer data in young children.  

Of the methodologies reviewed, the reporting of cutpoints showed extensive 

variability due to the large selection of cutpoints available for quantifying accelerometer 

outputs into movement intensities, a phenomenon that has been termed “cutpoint non-

equivalence” (CNE) (Bornstein et al., 2011). Study 2 demonstrated the impacts of CNE 

as results showed that choice of cutpoint resulted in significantly different amounts of 

SED, LPA and MVPA. Previous studies have shown similar results (Costa et al., 2014; 

Leeger-Aschmann et al., 2019; van Cauwenberghe, 2011), but only examined a small 

number of cutpoints, did not observe differences in all movement intensities and 

focused on data from populations of narrower age ranges such as 2 – 3 year olds 

(Costa et al., 2014), 3 – 5 year olds (Bornstein et al., 2011; Leeger-Aschmann et al., 

2019) or 5 – 6 year olds (van Cauwenberghe, 2011). Additionally, previous studies have 

applied cutpoints developed using a specific age range to accelerometer data acquired 

from children outside of this age range (Gutierrez-Hervas et al., 2020; Määttä et al., 

2020), which had unknown implications for determining if a child met age-appropriate 

PA recommendations. However, results from Study 2 showed that even when cutpoints 

developed for a specific age range were only applied to the portion of our sample within 

that age range, all cutpoints resulted in significantly different values for SED, LPA and 



 

131 
 

MVPA as well as significantly different portions of the sample categorized as meeting 

PA guidelines.  

Studies 1 and 2 demonstrate the immediate need for more detailed reporting 

practices and more consistent methods for quantifying children’s accelerometer data 

into different movement intensities. Ensuring that we have accurate and consistent 

measures of movement behaviours in this population is important given that the current 

guidelines for PA during early childhood in Canada (Tremblay et al., 2017)  and globally 

by the World Health Organization (World Health Organization, 2019) are based on 

specific amounts of certain movement intensities. Many studies have examined 

relationships between measures of PA and certain health outcomes in children  

(Ekelund, 2012; Nilsen et al., 2020; Ricardo et al., 2019; Timmons et al., 2012), and the 

association between meeting PA guidelines and health outcomes (Carson et al., 2019; 

Guan et al., 2020; Nicolai Ré et al., 2020; Poitras et al., 2016), however there is limited 

information regarding how meeting these guidelines is associated with health outcomes 

in young children. 

Results from Studies 3 and 4 suggest that the relationship between meeting PA 

guidelines and motor abilities should be further explored (Study 3),and that certain 

components of physical fitness and meeting PA guidelines during early childhood  

significantly increases the likelihood of meeting PA guidelines during later 

childhood/adolescence (Study 4). These findings are concurrent with previous studies 

indicating PA behaviours track overt time (Jaakkola et al., 2019; Jones et al., 2013; 

Potter et al., 2018). However, further analyses in Study 4 highlighted that the 

association between meeting movement guidelines at baseline and at follow-up is only 

true prior to puberty, especially for females. These results suggest that PA may decline 

during adolescence as suggested previously (Dumith et al., 2011), or perhaps that PA is 

already declining in school aged children as proposed by Farooq et al. (2018), meaning 

that by the time children reach puberty, their PA engagement has dropped to levels 

below recommended in guidelines. Despite the uncertainty of the timing of decline in 

PA, it is evident that movement behaviours should be targeted in young children to 

ensure that healthy PA behaviours are established early in life with the hope that these 

continue later into life. 
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8.3 Future Directions 

Findings from this thesis provide numerous directions for future research. Future 

reviews should continue to examine the reporting of methods used to analyse 

accelerometer data obtained from young children; the peer-review and editorial process 

could be modified to include reporting checklists to assist them in their important role of 

ensuring that researchers are held accountable for the reporting of this important 

information. A major area in need of improvement in this field of research is regarding 

the use of cutpoints. Collectively, we are aware of the cutpoint non-equivalence issue 

and the impact this has on the interpretation of accelerometer output and subsequent 

examination of the relationship between movement and health. Therefore, future 

research should focus on reaching a consensus on the best way to quantify movement 

behaviours in young children. Other forms of accelerometer outputs such as raw 

acceleration have become a recent focus, although processing of this data is not 

without its own set of challenges. Due to the complex filtering, coding, and processing 

techniques associated with raw accelerometer data, extensive variability also exists in 

the methods used to analyse and interpret raw accelerometer outputs. Researchers 

should continue to build upon work using raw acceleration data, developing large data 

sets with open access, and incorporating experts from multiple areas (engineering, 

computer science, biomechanics, physiologists, clinicians) to determine more valid and 

repeatable methods for quantifying acceleration data into clinically meaningful 

outcomes. Physical activity guidelines are an important educational tool for parents and 

teachers and commonly inform clinicians/researchers of associations between health 

outcomes and specified amounts of movement behaviours in young children. Thus, 

these guidelines will most likely remain a key component in movement science research 

to quantify PA into specific movement intensities; a collective consensus from top 

movement researchers, although challenging to develop, could result in significant 

improvements in this field of scientific research. 
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8.4 Conclusions 
 

Hundreds of researchers around the world are currently using accelerometers to 

capture movement behaviours in young children. These scientists use a wide variety of 

collection and processing methods, which renders the comparison and interpretation of 

results between studies extremely difficult. Choosing different methods to quantify 

accelerometer data into specific movement intensities has important implications on the 

amount of time children spend in different movement behaviours as well as the 

proportion of children meeting physical activity guidelines. Meeting physical activity 

guidelines is an important benchmark that can be used to track physical activity over 

time or examine how physical activity is associated with other health outcomes.  Thus, it 

is imperative that the methods used to determine whether children are acquiring 

recommended levels of physical activity are thoroughly detailed so that any 

interpretation of these associations can come from an accurately informed point of view. 
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APPENDICES – CHAPTER 2 SEARCH STRATEGIES 
Round 1 Searches – August 16th, 2019 
Table A.1: Initial Search Strategy conducted in Medline (via OvidSP) 

# Search Terms  Results 
1 (acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv or 

ActivPal or activity monitor* or wearable device* or tracker*).ab,kf,ti. 
47949 

2 exp Accelerometry/ 7500 
3 exp Fitness Trackers/ 305 
4 (child* or infant* or preschool* or pre-school* or toddler* or kid*).ab,kf,ti 2047176 
5 exp Child, Preschool/ 884538 
6 exp Infant/ 1101959 
7 (physical activity or fitness or exercise or sedentary or MVPA or 

moderate-to-vigorous or vigorous or intensit* or threshold or cutpoint* 
or cut point* or cut-point* or METS or physical inactivity or screen 
time).ab,kf,ti. 

896846 
 

8 exp Exercise/ 180825 
9 exp Sedentary Lifestyle/ 8041 
10 exp Pediatric Obesity/ 6929 
11 1 or 2 or 3 49653 
12 4 or 5 or 6 2735618 
13 7 or 8 or 9 or 10 968209 
14 11 and 12 and 13 3186 
15 14 and 2009:2019 2763 
 FINAL SEARCH AUGUST 16TH 2793 

 
Table A.2: Initial Search Strategy conducted in CINAHL 

# Search Terms  Results 
1 (acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv or 

ActivePal or “activity monitor*” or “wearable device*” or tracker*) 
14557 
 

2 (MH "Accelerometry+")  4724 
3 (MH "Fitness Trackers") 115 
4 (child* or infant* or preschool* or pre-school* or toddler* or kid*) 867147 
5 (MH "Child, Preschool") 183582 
6 (MH "Infant+")  225387 
7 (“physical activity” or fitness or exercise or sedentary or MVPA or 

moderate-to-vigorous or vigorous or intensit* or threshold or cutpoint* 
or cut point* or cut-point* or METS or “physical inactivity”)  

353035 
 

8 (MH "Exercise+")  100397 
9 (MH "Life Style, Sedentary+")  7057 
10 (MH "Pediatric Obesity")  12720 
11 1 or 2 or 3 14557 
12 4 or 5 or 6 867147 
13 7 or 8 or 9 or 10 382717 
14 11 and 12 and 13 2338 
15 14 and 2009:2019 2011 
 FINAL SEARCH AUGUST 16TH 2024 
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Table A.3: Initial Search Strategy conducted in PsycINFO 

# Search Terms  Results 
1 Title: (acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv or 

ActivePal or “activity monitor*” or “wearable device*” or 
tracker*) OR Keywords:(acceleromet* or actigraph* or GT3X or MTI or 
CSA or GeneActiv or ActivePal or “activity monitor*” or “wearable device*” 
or tracker*) OR Abstract:(acceleromet* or actigraph* or GT3X or MTI or 
CSA or GeneActiv or ActivePal or “activity monitor*” or “wearable device*” 
or tracker*) 

11186 
 

2 Title: (child* or infant* or preschool* or pre-school*) OR 
Keywords: (child* or infant* or preschool* or pre-school*) OR Abstract: 
(child* or infant* or preschool* or pre-school*)  

819841 
 

3 Index Terms: children 8962 
4 Index Terms: physical activity 19968 
5 Index Terms: physical fitness 4479 
6 Title: (“physical activity” or fitness or exercise or sedentary or MVPA or 

moderate-to-vigorous or vigorous or intensit* or threshold or cutpoint* or 
cut point* or cut-point* or METS or “physical 
inactivity”) OR Keywords:(“physical activity” or fitness or exercise or 
sedentary or MVPA or moderate-to-vigorous or vigorous or intensit* or 
threshold or cutpoint* or “cut point*” or cut-point* or METS or “physical 
inactivity”) ) OR Abstract: (“physical activity” or fitness or exercise or 
sedentary or MVPA or moderate-to-vigorous or vigorous or intensit* or 
threshold or cutpoint* or “cut point*” or cut-point* or METS or “physical 
inactivity”) ) 

201180 
 

7 Index Terms: sedentary behavior 1360 
8 Index Terms: screen time 243 
9 2 or 3 89841 
10 4 or 5 or 6 or 7 or 8 208326 
11 1 and 9 and 10 1017 
12 11 2009:2019  865 

 
Table A.4: Initial Search Strategy conducted in Web of Science  

# Search Terms  Results 
1 TS=(acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv or 

ActivePal or “activity monitor*” or “wearable device*” or tracker* or “Fitness 
Tracker*”) [TS=Topic: searches title, abstract, author keywords and 
keyword plus] 

102136 
 

2 TS=(child* or infant* or preschool* or pre-schooler* or toddler* or kid*)  2501368 
3 TS=(“physical activity” or fitness or exercise or “physical fitness” or MVPA 

or moderate-to-vigorous or vigorous or intensit* or threshold or cutpoint* or 
cut point* or cut-point* or METS or run* or walk* or jog* or “physical 
conditioning” or sport*) 

2935352 
 

4 TS=(sedentary or “screen time” or “physical inactivity”) 42289 
5 TS=(“pediatric obesity” or “childhood obesity”) 16688 
6 #5 or #4 or #3 2956628 
7 #6 and #2 and #1 4927 
8 #7 and 2009:2019 4011 
 FINAL SEARCH AUGUST 16TH 4085 
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Table A.5: Initial Search Strategy conducted in Global Health CABI 

# Search Terms  Results 
1 title:(("acceleromet*" or "actigraph*" or "GT3X" or "MTI" or "CSA" or 

"GeneActiv" or "ActivePal" or "activity monitor*" or "wearable device*" or 
"tracker*" or "Fitness Track*")) OR ab:(("acceleromet*" or "actigraph*" or 
"GT3X" or "MTI" or "CSA" or "GeneActiv" or "ActivePal" or "activity 
monitor*" or "wearable device*" or "tracker*" or "Fitness Tracker*")) 

11039 
 
 

2 subject:("accelerometers")  158  
3 title:(("child*" or "infant*" or "newborn" or "preschool*" or "pre-schooler*" or 

"toddler*" or "kid*")) OR ab:(("child*" or "infant*" or "newborn" or 
"preschool*" or "pre-schooler*" or "toddler*" or "kid*") 

518344 
 
 

4 subject:(("preschool children" or "children" or "infants")) 413591 
5 title:(("physical activity" or "fitness" or "physical fitness" or "exercise" or 

"sedentary" or "MVPA" or "moderate-to-vigorous" or "vigorous" or 
"intensit*" or "threshold" or "cutpoint*" or "cut point*" or "cut-point*" or 
"METS")) OR ab:(("physical activity" or "fitness" or "physical fitness" or 
"exercise" or "sedentary" or "MVPA" or "moderate-to-vigorous" or 
"vigorous" or "intensit*" or "threshold" or "cutpoint*" or "cut point*" or "cut-
point*" or "METS")) 

287432 
 

6 subject:("physical activity" OR "physical fitness") 43656 
7 title:("sedentary" or "sedentary lifestyle" or "sedentary behaviour" 

"sedentary behavior" or "screen time” or “physical inactivity”) OR 
ab:("sedentary" or "sedentary lifestyle" or "sedentary behaviour" 
"sedentary behavior" or "screen time” or “physical inactivity”) 

2811 
 

8 subject:(obesity) 116521 
9 5 or 6 or 7 or 8 375459 
10 1 or 2  11062 
11 3 or 4 581101 
12 9 and 10 and 11 2255 
13 12 AND (((year:(( "2019" OR "2018" OR "2017" OR "2016" OR "2015" OR 

"2014" OR "2013" OR "2012" OR "2011" OR "2010" OR "2009" )) ))) 
1575 
 

 FINAL SEARCH AUGUST 16TH 1473 

Table A.6: Initial Search Strategy conducted in ProQuest Dissertations and Theses  

# Search Terms  Results 
1 (acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv or 

ActivPal or “activity monitor*” or “wearable device*” or tracker*) 
190121 

2 child* or infant* or preschool* or pre-school* or toddler* or kid* 1541451 
3 MAINSUBJECT.EXACT("Preschool children") 839 
4 MAINSUBJECT.EXACT("Babies") 380 
5 MAINSUBJECT.EXACT("Physical fitness") 721 
6 MAINSUBJECT.EXACT("Obesity") 324958 
7 "physical activity" OR fitness OR exercise OR sedentary OR MVPA 

OR moderate-to-vigorous OR vigorous OR intensit* OR threshold OR 
cutpoint* OR "cut point*" OR cut-point* OR METS OR "physical 
inactivity" or "screen time" 

1742583 

8 S2 or S3 or S4 1541452 
9 S5 or S6 or S7  2066989 
10 S1 and S8 and S9  54851 
11 S1 and S8 and S9-last 10 years 24964 
 FINAL SEARCH AUGUST 16TH 3493 
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Google Scholar search terms: yielded 8830 results.   

è First 20 pages were taken “ accelerometer+preschool+physical activity” 
 
Round 2 Searches – March 22nd, 2021 

Table A.7: Initial Search Strategy conducted in Medline (via OvidSP) 

 

Table A.8: Initial Search Strategy conducted in CINAHL 

# Search Terms  Results 
1 (acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv or 

ActivPal or activity monitor* or wearable device* or tracker*).ab,kf,ti. 
56741 

2 exp Accelerometry/ 9646 
3 exp Fitness Trackers/ 699 
4 (child* or infant* or preschool* or pre-school* or toddler* or kid*).ab,kf,ti 2232774 
5 exp Child, Preschool/ 935969 
6 exp Infant/ 1159623 
7 (physical activity or fitness or exercise or sedentary or MVPA or 

moderate-to-vigorous or vigorous or intensit* or threshold or cutpoint* 
or cut point* or cut-point* or METS or physical inactivity or screen 
time).ab,kf,ti. 

1038772 

8 exp Exercise/ 205072 
9 exp Sedentary Lifestyle/ 10410 
10 exp Pediatric Obesity/ 9580 
11 1 or 2 or 3 58841 
12 4 or 5 or 6 2949504 
13 7 or 8 or 9 or 10 1118385 
14 11 and 12 and 13 3896 
15 14 and 2019:2021 902 

# Search Terms  Results 
1 (acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv 

or ActivePal or “activity monitor*” or “wearable device*” or tracker*) 
19564 

2 (MH "Accelerometry+")  5950 
3 (MH "Fitness Trackers") 218 
4 (child* or infant* or preschool* or pre-school* or toddler* or kid*) 1052436 
5 (MH "Child, Preschool") 215487 
6 (MH "Infant+")  267398 
7 (“physical activity” or fitness or exercise or sedentary or MVPA or 

moderate-to-vigorous or vigorous or intensit* or threshold or 
cutpoint* or cut point* or cut-point* or METS or “physical inactivity”)  

432205 

8 (MH "Exercise+")  118229 
9 (MH "Life Style, Sedentary+")  8830 
10 (MH "Pediatric Obesity")  15131 
11 1 or 2 or 3 19564 
12 4 or 5 or 6 1052436 
13 7 or 8 or 9 or 10 467239 
14 11 and 12 and 13 2904 
15 14 and 20190801-20211231 401 
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Table A.9: Initial Search Strategy conducted in PsycINFO 

 
Table A.9: Initial Search Strategy conducted in Web of Science  

# Search Terms  Results 
1 TS=(acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv or 

ActivePal or “activity monitor*” or “wearable device*” or tracker* or “Fitness 
Tracker*”) [TS=Topic: searches title, abstract, author keywords and 
keyword plus] 

121437 

2 TS=(child* or infant* or preschool* or pre-schooler* or toddler* or kid*)  2785288 
3 TS=(“physical activity” or fitness or exercise or “physical fitness” or MVPA 

or moderate-to-vigorous or vigorous or intensit* or threshold or cutpoint* or 
cut point* or cut-point* or METS or run* or walk* or jog* or “physical 
conditioning” or sport*) 

3323684 

4 TS=(sedentary or “screen time” or “physical inactivity”) 50798 
5 TS=(“pediatric obesity” or “childhood obesity”) 18803 
6 #5 or #4 or #3 3348457 
7 #6 and #2 and #1 5863 
8 #7 and  2019:2021 1333 

 

# Search Terms  Results 
1 Title: (acceleromet* or actigraph* or GT3X or MTI or CSA or GeneActiv or 

ActivePal or “activity monitor*” or “wearable device*” or 
tracker*) OR Keywords: (acceleromet* or actigraph* or GT3X or MTI or 
CSA or GeneActiv or ActivePal or “activity monitor*” or “wearable device*” 
or tracker*) OR Abstract:(acceleromet* or actigraph* or GT3X or MTI or 
CSA or GeneActiv or ActivePal or “activity monitor*” or “wearable device*” 
or tracker*) 

13164 

2 Title: (child* or infant* or preschool* or pre-school*) OR 
Keywords: (child* or infant* or preschool* or pre-school*) OR Abstract: 
(child* or infant* or preschool* or pre-school*)  

870770 

3 Index Terms: children 9307 
4 Index Terms: physical activity 23316 
5 Index Terms: physical fitness 4830 
6 Title: (“physical activity” or fitness or exercise or sedentary or MVPA or 

moderate-to-vigorous or vigorous or intensit* or threshold or cutpoint* or 
cut point* or cut-point* or METS or “physical 
inactivity”) OR Keywords:(“physical activity” or fitness or exercise or 
sedentary or MVPA or moderate-to-vigorous or vigorous or intensit* or 
threshold or cutpoint* or “cut point*” or cut-point* or METS or “physical 
inactivity”) ) OR Abstract: (“physical activity” or fitness or exercise or 
sedentary or MVPA or moderate-to-vigorous or vigorous or intensit* or 
threshold or cutpoint* or “cut point*” or cut-point* or METS or “physical 
inactivity”) ) 

218497 

7 Index Terms: sedentary behavior 1843 
8 Index Terms: screen time 444 
9 2 or 3 870770 
10 4 or 5 or 6 or 7 or 8 218926 
11 1 and 9 and 10 1193 
12 11 2019:2021 183 
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Table A10: Initial Search Strategy conducted in Global Health CABI 

# Search Terms  Results 
1 title:(("acceleromet*" or "actigraph*" or "GT3X" or "MTI" or "CSA" or 

"GeneActiv" or "ActivePal" or "activity monitor*" or "wearable device*" or 
"tracker*" or "Fitness Track*")) OR ab:(("acceleromet*" or "actigraph*" or 
"GT3X" or "MTI" or "CSA" or "GeneActiv" or "ActivePal" or "activity 
monitor*" or "wearable device*" or "tracker*" or "Fitness Tracker*")) 

6572 

2 subject:("accelerometers") 209 
3 title:(("child*" or "infant*" or "newborn" or "preschool*" or "pre-schooler*" or 

"toddler*" or "kid*")) OR ab:(("child*" or "infant*" or "newborn" or 
"preschool*" or "pre-schooler*" or "toddler*" or "kid*") 

463571 

4 subject:(("preschool children" or "children" or "infants")) 381370 
5 title:(("physical activity" or "fitness" or "physical fitness" or "exercise" or 

"sedentary" or "MVPA" or "moderate-to-vigorous" or "vigorous" or 
"intensit*" or "threshold" or "cutpoint*" or "cut point*" or "cut-point*" or 
"METS")) OR ab:(("physical activity" or "fitness" or "physical fitness" or 
"exercise" or "sedentary" or "MVPA" or "moderate-to-vigorous" or 
"vigorous" or "intensit*" or "threshold" or "cutpoint*" or "cut point*" or "cut-
point*" or "METS")) 

167566 

6 subject:("physical activity" OR "physical fitness") 52568 
7 title:("sedentary" or "sedentary lifestyle" or "sedentary behaviour" 

"sedentary behavior" or "screen time” or “physical inactivity”) OR 
ab:("sedentary" or "sedentary lifestyle" or "sedentary behaviour" 
"sedentary behavior" or "screen time” or “physical inactivity”) 

3529 

8 subject:(obesity) 130092 
9 5 or 6 or 7 or 8 275027 
10 1 or 2  6573 
11 3 or 4 536134 
12 9 and 10 and 11 1996 
13 12 AND (((year:(( “2021” OR “2020” OR "2019") )) )) 364 
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