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Abstract  

Background: High fitness is associated with several positive health outcomes; however, fitness 

of Canadian children has declined over the past two decades. Correlates of fitness in children 

under 10 years of age are relatively unexplored, and few studies involving young children have 

looked at this relationship over time. Understanding these potential associations at young ages 

and over time is necessary to better understand how to increase fitness levels in children. The 

purpose of this thesis is to: (1) describe the fitness level of a large group of Canadian children; 

(2) examine the cross-sectional associations between physical activity (PA), screen time (ST), 

and fitness; (3) examine the longitudinal associations between PA, ST, and fitness; and (4) 

explore PA and ST tracking over three years. 

Methods: Findings are based on 649 participants (4.5 ± 0.5 years at baseline; 52.4% female) 

from Edmonton, Canada who participated in the Spatial Health Assessment of Physical 

Environments (SHAPEs) baseline study (2005-2007) and the SHAPEs of Things to Come three-

year follow-up (2008-2011) study. Parent-reported questionnaires measured PA and ST in 

hours/week at both time points. At follow-up, PA was also objectively measured using 

pedometers. Fitness was measured using the Canadian PA, Fitness and Lifestyle Approach 

manual at follow-up only. Vertical jump, sit-and-reach, waist circumference, grip strength, and 

predicted VO₂ max were expressed as z-scores. Total fitness-complete (complete results for 

vertical jump, sit-and-reach, waist circumference, grip strength, and predicted VO₂ max) and 

fitness-partial (complete results for at least three of the measures included in fitness-complete) 

were averaged and expressed as z-scores. Due to non-normal distributions, push-ups and partial 

curl-ups were categorized into high (“gold-standard” for the Canada Fitness Award) and low 

groups. Linear or logistic regression was used to examine the cross-sectional and longitudinal 
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associations, and models adjusted for follow-up age, sex, household income, and body mass 

index. Sex-interactions were explored. Spearman correlations were used to examine PA and ST 

tracking.  

Results: Children’s mean fitness scores were 39.4 ± 2.3 ml∙(kg∙min)⁻¹ for predicted VO2max, 

30.8 ± 6.1 kg for grip strength, 20.4 ± 5.1 cm for vertical jump, 28.1 ± 6.6 cm for sit-and-reach, 

and 59.8 ± 6.0 cm for waist circumference. For push-ups and partial curl-ups, 20.5% and 7.9% of 

participants were categorized into the high fitness group, respectively.  

Cross-sectionally, some positive associations were observed between objective PA and 

fitness (fitness-complete: β=0.009, 95% CI: 0.001, 0.017; fitness-partial: β=0.006, 95% CI: 

0.000, 0.011; vertical jump: β=0.043, 95% CI: 0.008, 0.078; boys VO₂ max: β=0.084, 95% CI: 

0.012, 0.157 and; being in the high push-up group: OR=1.156 95%CI: 1.054, 1.267) and between 

subjective PA and fitness (fitness-partial: β=0.025, 95% CI: 0.007, 0.042; vertical jump: 

β=0.011, 95% CI: 0.000, 0.022; boys VO₂ max: β=0.040, 95% CI: 0.018, 0.063 and; boys grip 

strength: β=0.025, 95% CI: 0.011, 0.040). Negative associations were observed between fitness 

and ST for boys grip strength only (β=-0.016, 95% CI: -0.028, -0.004).  

Longitudinally, no significant associations between baseline PA and follow-up fitness 

scores were observed but two positive associations approached significance (p=0.05; fitness-

complete: β=0.007, 95% CI: 0.000, 0.014; VO₂ max, β=0.014, 95% CI: 0.000, 0.027). Only two 

significant negative associations were observed between baseline ST and follow-up fitness 

(fitness complete: β=-0.009, 95% CI: -0.016, -0.002; grip strength: β=-0.010, 95% CI: -0.019, -

0.001). Physical activity displayed moderate (rs=0.30), and ST displayed large (rs=0.53) tracking 

coefficients over three years. No sex-interactions were observed.   
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Conclusions: This thesis adds valuable knowledge to the fitness literature by providing evidence 

on an important, yet understudied, group of children. For PA, significant or borderline significant 

associations were observed with overall fitness in both analyses. For ST, cross-sectional and 

longitudinal associations were observed with one musculoskeletal fitness score (grip strength) 

and longitudinal associations were observed with overall fitness. Overall, these findings suggest 

that targeting PA and ST may be important for overall fitness, especially because these 

behaviours track over time. Given the paucity of evidence in this age group and the small effects 

observed, additional research is needed to confirm these findings and determine the best ways to 

intervene. 
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Chapter 1: Introduction 

1.1 General Introduction 

At a national level, the fitness of Canadian children has only been examined twice in the past few 

decades, in 1981 with the Canadian Fitness Survey (1983) and most recently in 2007 to 2009 as 

part of the Canadian Health Measures Survey (Tremblay et al., 2010). When comparing the 

fitness of Canadian children from these studies, research indicates that fitness levels have 

declined significantly, regardless of age or sex of the child (Tremblay et al., 2010). This 

phenomenon has also been observed worldwide (Tomkinson, Leger, Olds, & Cazorla, 2003). 

As the fitness of Canadian children declines, children are more likely to adopt the risk 

factors for chronic disease and the poor health implications that are associated with low 

musculoskeletal fitness and low cardiovascular fitness (Grontved et al., 2013; Ortega et al., 2008; 

Garcia-Artero et al., 2007). Reversing this trend and improving children’s fitness levels would 

likely provide children with positive health outcomes, such as less abdominal obesity, improved 

bone health, and reduced stress, anxiety, and depression (Ortega et al., 2008; Janssen and 

Leblanc, 2010). In order to appropriately target health initiatives and interventions, it is 

important to determine the critical age in which correlates of fitness significantly impact 

children’s fitness.  

This thesis explores both physical activity (PA) and screen time (ST) as correlates of 

fitness in children. Manuscript 1 (Chapter 3) examines the cross-sectional associations at the 

follow-up time point, and manuscript 2 (Chapter 4) examines the longitudinal associations 

between baseline measures and the three-year follow-up time point measures. Data from the 

Spatial Health Assessment of Physical Environments (SHAPEs) baseline study and the SHAPEs 

of Things to Come longitudinal follow-up study were used in both manuscripts comprised in this 
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thesis. Included in the introduction is a brief history of the nation-wide fitness testing in 

Canadian children. 

1.2 Objectives 

The overall objectives of this thesis were to explore the relationship between PA, ST, and fitness 

in a large sample of children at two time points, both cross-sectionnally and longitudinally.  

 The objectives of manuscript 1 were to: (1) describe fitness levels in a sample of 6- to 10-

year-old children; (2) examine the cross-sectional association between PA, ST, and fitness; and 

(3) examine if sex moderates the association between PA, ST, and fitness at the follow-up time 

point. 

 The objectives of manuscript 2 were to: (1) examine the longitudinal associations 

between baseline PA, baseline ST, and fitness at follow-up; (2) explore PA and ST tracking from 

baseline to the three-year follow-up; and (3) examine if sex moderates the associations between 

PA, ST, and fitness longitudinally. 

1.3 Definitions of Key Terms 

Physical activity (PA) is defined as any motion caused by a skeletal muscle that increases energy 

expenditure (Caspersen, Powell, & Christenson, 1985). Physical activity is often described using 

a set of four FITT principles: frequency, intensity, time, and type (Barisic, Leatherdale, & 

Kreiger, 2011). The intensity component of the FITT principle can be broken down in light-

intensity PA and moderate-to-vigorous PA (MVPA), where MVPA in children is greater than or 

equal to four metabolic equivalents (METs; Trost, Loprinzi, Moore, & Pfeiffer, 2011).  This is 

the intensity level that children aged 5 to 17 years should be accumulating in order to fulfill 

national PA guidelines (Canadian Society for Exercise Physiology, 2016); whereas, PA at any 
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intensity is encouraged for early years children aged 1 to 4 years (Canadian Society for Exercise 

Physiology, 2014). The remaining FITT principles refer to the frequency of the PA bouts, time 

spent in these bouts, and type of PA involved (e.g., running, walking, or resistance training; 

Barisic, Leatherdale, & Kreiger, 2011). 

Sedentary behaviour is defined as any waking activity in a seated or reclined position that 

has an energy expenditure less than or equal to 1.5 metabolic equivalents (Sedentary Behaviour 

Research Network, 2012). Examples of sedentary behavior include computer use, playing video 

games, television viewing (TV), reading, or passive transport. Computer, video games, and TV 

are collectively termed “screen time” (ST) and are a common type of sedentary behaviour in 

children. (Sedentary Behaviour Research Network, 2012; Must & Tybor, 2005). Screen time is 

the measure of sedentary behaviour used in this thesis. 

Physical fitness often refers to the capacity to perform activities, and reflects the status of 

musculoskeletal or cardiovascular functioning (Ortega, Ruiz, Castillo, & Sjostrom, 2008). In this 

thesis, physical fitness refers to the children’s ability to performing a series of fitness tests 

(muscular strength, muscular endurance, cardiovascular fitness, flexibility and body 

composition) described in the Canadian Physical Activity, Fitness & Lifestyle Approach manual 

(Canadian Society for Exercise Physiology, 2003).   

Children are classified as individuals 4 to 11 years of age and youth are classified as 

individuals 12 to 17 years of age, inclusively, as defined by the Center for Disease Control and 

Prevention (2015). This thesis focuses on children ages 4 to 10 years old. 
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Chapter 2: Review of Literature  

2.1 Fitness of Canadian Children  

2.1.1 History 

In 1966, Manitoba became the first province in Canada to adopt the Centennial Athletic 

Awards (Province of Manitoba, 1966). These awards were sponsored by the Centennial 

Commission in Ottawa and aimed to encourage and promote athleticism. Children and youth 

aged 6 to 18 years were to complete three mandatory fitness tasks (one-minute speed sit-ups, 300 

yard run, and standing broad jump), and one of three additional fitness tasks (swimming, skating, 

or a long distance run; Province of Manitoba, 1966). Children were given gold, silver, bronze, or 

red crests according to their age and athletic ability (Province of Manitoba, 1966). This program 

ran for one year and reports reveal that sorting, packaging, and shipping the crests to schools was 

tedious and time consuming (Government of Newfoundland and Labrador, 1967).  

Building on the Centennial program, the Canada Fitness Award (CFA) program was 

created. It was developed by Sport and Recreation Canada in 1970 as a motivator for children to 

achieve higher levels of fitness and increase awareness of sport and recreation (Canada Fitness 

Award Manual, 1986). Similar to the Centennial program, the CFA was facilitated in schools and 

students revived a coloured crest corresponding to their fitness level. In the first 13 years of the 

CFA program, 16 million children participated and 10 million had fitness scores high enough to 

receive a coloured crest (Canada Fitness Award Manual, 1986). Fitness norms were based on 

results from the Canadian Association for Health, Physical Education and Recreation (CAHPER) 

Fitness Performance test done in 1965 (Canada Fitness Award Manual, 1986). The CFA 

originally consisted of six tests: 50 yard run, 300 yard run, flexed arm hang, speed sit-ups, shuttle 

run and standing long jump (Till, 2010). After a study done by CAPHER in 1979, revisions were 
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made to the fitness tests (Quinney, Watkinson, Massicotte, Conger, & Gauthier, 1981), and the 

fitness standards were adjusted to include pre-determined percentages based on a child’s age and 

sex (Canada Fitness Award Manual, 1986). The revised CFA replaced the arm hang with push-

ups, replaced the speed sit-ups with partial curl-ups, and replaced the 300 yard run with an 

endurance run of either 800m, 1600m, or 2400m, depending on the child’s age (Canada Fitness 

Award Manual, 1986). If a child received an “excellence” level on all six fitness tests they were 

awarded a red crest. If they received a gold level or higher on five components, a silver level or 

higher on four components, or a bronze level or higher on four components they were given a 

gold, silver, or bronze crest, respectively (Canada Fitness Award Manual, 1986). The CFA was a 

memorable component of mandatory physical education class of school-aged children until 1992 

when the program ended. Since then, there has been no nation-wide fitness testing done in 

Canadian schools to the scale of the CFA.  

Outside of the school environment, a comprehensive look at the physical fitness of 

Canadians was measured in 1981 (Canada Fitness Survey, 1983), and again in 1988 (Stephens & 

Craig, 1990) that included children, youth, and adults. Nationally, the fitness of Canadian 

Children and youth was not measured again until 2007-2009 through Statistics Canada Canadian 

Health Measures Survey (CHMS; Tremblay et al., 2010).  

2.1.2 Prevalence 

Canada Fitness Survey was the first nation-wide attempt to report the fitness of Canadian 

citizens, providing baseline fitness information on people ages 7 to 69 years of age (Canada’s 

Fitness, 1982). The survey included fitness tests and a questionnaire; however, children 7 to 9 

years old only participated in the fitness tests and did not complete the questionnaire. The 

published results from the cardiovascular fitness tests grouped all children 14 years of age and 
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under in one group, and reported the 82% of 7- to 14-year-olds met the recommended 

cardiovascular fitness levels (Canada’s Fitness, 1982). Preliminary findings from this survey 

highlight that declines in muscular endurance start after adolescence, and declines in 

cardiovascular fitness and flexibility can begin even earlier (Canada’s Fitness, 1982), suggesting 

the importance of maintaining children’s fitness levels from a young age.  While this survey 

provided valuable fitness information on fitness of Canadian citizens, it did not provide fitness 

information on children under 7 years of age.  

Two decades later the CHMS repeated several of the measures used in the Canada Fitness 

Survey on a large population of 6- to 79-year-olds representing 97% of the Canadian population 

(Tremblay et al., 2010). Published data from the first cycle of the CHMS in children was sub-

categorized into age ranges: 6 to 10, 11 to 14, and 15 to 19 years (Tremblay et al., 2010). This 

study found that flexibility and muscular strength scores of children were lower, and measures of 

obesity were greater for boys and girls when compared to the 1981 data (Tremblay et al, 2010). 

The CHMS mean values for 6- to 10-year-olds in the sit-and-reach flexibility test were 24cm and 

29cm and the mean values for grip strength were 25kg and 23 kg, for boys and girls, respectively 

(Tremblay et al., 2010). Cardiovascular fitness and muscular endurance were not measured in 6- 

or 7-year-olds, but the partial curl-up measure for muscular endurance for 8- to 10-year-olds in 

the CHMS stated that 11% of boys and 13% of girls were able to complete the maximal number 

of repetitions (25 repetitions; Tremblay et al., 2010). Also in the CHMS, the mean predicted VO2 

max for 8- to 10-year-olds were reported as 56.3 ml∙(kg∙min)⁻¹ in boys and 50.7 ml∙(kg∙min)⁻¹  in 

girls (Tremblay et al, 2010). Overall, boys scored higher on muscular strength, muscular 

endurance, and cardiovascular fitness than girls of the same age; whereas, girls scored higher on 

the sit-and-reach flexibility test (Tremblay et al., 2010). 
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2.1.3 Health Implications 

Higher levels of physical fitness have known health benefits in children and youth 

(Janssen, 2007). For instance, cardiovascular fitness has been associated with fewer 

cardiovascular disease risk factors, regardless of age, sex, or country (Anderson et al., 2007). 

There are also association between musculoskeletal fitness and health (Smith et al., 2014). 

Muscular fitness in youth has favourable associations with self-esteem, bone health, central 

adiposity, and metabolic risk factors (Smith et al., 2014). In fact, it is recommended that children 

take part in activities that strengthen muscle and bone two to three days per week (CSEP, 2014b; 

Janssen & Leblanc, 2010). Low levels of overall fitness may also lead to more chronic disease 

development in children and higher associated health care costs in the future (Tremblay et al., 

2010). Given the associations between children’s fitness and their health, it is important to 

understand the factors that are associated with increased fitness.  

2.1.4 Predictors  

Physical fitness is determined in part by non-modifiable factors, such as genetics and 

lower birth weight (Froberg, 2014). In fact, low birth weight alone has been associated with 

reduced muscular endurance, cardiovascular endurance, and muscular strength (Froberg, 2014; 

van Deutekom, Chinapaw, Vrijkotte, & Gemke, 2015). Physical fitness is also influenced by 

modifiable factors (Ortega, Ruiz, Castillo, & Sjostrom, 2008). Two modifiable factors that may 

be of particular importance are PA and sedentary behaviour. For example, increasing physical 

activity (PA) can increase a person’s energy expenditure, which in turn can cause changes to 

physiological variables leading to positive fitness changes (Blair, Cheng, & Holder, 2001). Also, 

it is likely that the time children spend sedentary or engaging in screen time (ST) activities takes 

away from time that could be spent moving (i.e. light PA; Saunders et al., 2016).  



11 

 

One systematic review by Janssen and LeBlanc investigated PA, fitness and health in 

children and youth 5 to 17 years of age (2010).  This review concluded that PA’s in this age 

group should include both cardiovascular and musculoskeletal (muscle and bone) strengthening 

3 days per week (Janssen & LeBlanc, 2010). However, this review used child and youth fitness 

as proxy measure for PA, rather than including the studies that investigated the associations 

between PA and fitness to draw conclusions (Janssen & LeBlanc, 2010). It is important to note 

that physical fitness and PA are separate entities, as described in the definition section. 

A recent review looked at the associations between objective PA and fitness in children 

and youth 5 to 17 years, with fitness as the outcome variable (Poitras et al., 2016). This review 

included 38 studies, where 29 were observational studies and nine experimental studies. Eighteen 

out of the 29 observational studies examined PA cross-sectionally using both pedometers (n=4) 

and accelerometers (n=14), and all had positive associations between a cardiovascular fitness 

measure and total PA (Poitras et al., 2016). However, the nine experimental studies found mixed 

results between PA and cardiovascular fitness (Poitras et al., 2016). In terms of musculoskeletal 

fitness, 10 observational studies in the Poitras et al. (2016) review explored the association 

between PA and muscular strength, and results were mixed. Of all the articles included in the 

review, only six studies looked at this association between PA and fitness in young children (8 

years of age), and none of those six included measures of muscular strength or muscular 

endurance (Poitras et al., 2016). Furthermore, only three studies included Canadian samples.  

While there is some supporting evidence in older children, information on the relationship 

between children’s PA and fitness is lacking, especially in relation to musculoskeletal fitness and 

in samples of young Canadian children. Furthermore, the longitudinal associations between PA 

and fitness are unclear.  
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When looking at the associations between PA and fitness in children, it is important to 

understand whether differences exist between boys and girls. Although hormonal differences are 

not present between pre-pubescent boys and girls (Forest, 1981), other characteristics, such as fat 

mass, can differ slightly between sexes in young children (Kirchengast, 2010), which can have 

an influence on fitness (Aires et al., 2009). Furthermore, on average, boys take more daily steps 

than girls (CANPLAY, 2014), and boys tend to score higher on grip strength and predicted VO2 

max measures than girls (Tremblay et al., 2010). Conversely girls tend to have higher flexibility 

scores (Tremblay et al., 2010). Even though the maturational hormone differences between 

young girls and boys might be minimal, the possibility of sex as a moderator of PA and fitness 

association should be explored.  

In regards to sedentary behaviour, a systematic review by Tremblay et al. included 15 

studies looking at the associations between sedentary behaviour and fitness, in which 12 were 

cross-sectional, two were longitudinal, and one was an intervention study (2011).  Findings from 

eight cross sectional studies and one longitudinal study suggested that engaging in more than 2 

hours of ST per day is associated with decreased overall fitness, decreased cardiovascular 

capacity, lower cardiorespiratory fitness, and decreased musculoskeletal fitness (Tremblay et al., 

2010).  Of these studies, only one included data of children under 8 years old. Majority of studies 

focused on youth over 12 years of age (Tremblay et al., 2011). Further, only two of these studies 

were conducted in Canada (Tremblay et al., 2011).  

Recently, an additional review was published capturing the associations between 

sedentary behaviour and various health indicators in the last five years, and included fitness as an 

health outcome (Carson et al., 2016). This review included 21 studies with an outcome measure 

of fitness, three of which were longitudinal studies and 18 were cross-sectional studies. Fifteen 
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of the studies examined ST and fitness specifically. However, only two of them included 

children with a mean age less than eight years (Ciesla et al. 2014; Drenowatz et al. 2014).  

Overall, findings from this review indicated that higher amounts of ST were associated with 

lower fitness in both study designs (Carson et al., 2016). Understanding if theses associations are 

present in younger ages can fill an existing gap in the literature while building upon current 

research in the area.  

Similar to the reported sex-differences mentioned above with PA, research has observed 

sex-differences in ST, where boys engage in more daily ST, especially videogames, compared to 

girls (Public Health Ontario, 2015). Combining this with the known sex-differences in fitness 

scores of young children (Tremblay et al., 2010), it is important to examine whether sex 

moderates the relationship between ST and fitness in children. 

2.1.5 Measurement 

The body of literature on health related fitness measures in children and youth is 

growing, but research is limited by inconsistent measures between studies and lack of reliable 

and valid measures (Niederer et al., 2013). Also, there is limited current reference data on child 

and youth muscular fitness tests that can be used to identify fitness levels (Castro-Pinero et al., 

2009). Below are some common fitness measures that have been used for child and youth fitness 

testing in research, both in Canada and internationally. 

There are many measures of cardiovascular fitness, and three common, but not exclusive, 

methods used in research are: the shuttle run, the step test, and a long distance run. The shuttle 

run used in the CFA program was performed at a distance of 10 meters (Canada Fitness Award 

Manual, 1986). However, a shuttle run can also be done at a distance of 20 meters and is 

sometimes termed the “beep test” (Garcia & Zakrajsek, 2000). The 20 meter shuttle run involves 
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continuous running between two markers placed 20 meters apart (Garcia & Zakrajsek, 2000). In 

this cardiovascular test, running cadence is signaled using a recorded disc that “beeps” when the 

participants have to run back to the other marker (Heroux et al., 2013). Each minute into the 

shuttle run test the time between the beep-sound decreases, which increases the speed that the 

participants have to run. The test is stopped when the participant fails to reach the end marker in 

time for two consecutive ends. The level the participant was able to reach successfully is 

recorded and equations are used to predict their VO2max. This field test is widely used with 

children, but requires a large space to be done safely and effectively (Garcia & Zakrajsek, 2000).  

 The long distance run was introduced during the revision of the CFA, as it originally did 

not contain an endurance component (Canada Fitness Award Manual, 1986). The standards in 

this manual reflect the times in minutes and seconds a child needs to complete the distance run in 

on order to receive an excellence, gold, silver, or bronze award. For example, a 16-year-old boy 

would have to run 2400 meters in 10:08 minutes in order to receive an excellence rating. For a 

16-year-old girl, the time would be 12:38 to receive the excellence rating (Canada Fitness Award 

Manual, 1986). Similar to the shuttle run, a large space is needed to administer a long distance 

run test.  

Step tests require less physical space than a running field test, and can be simple to 

administer. In Canada, the Canadian PA, Fitness & Lifestyle Approach (CPAFLA) is commonly 

used tool that is standardized by the Canadian Society for Exercise Physiology and used 

nationwide (2003). This protocol includes clear instruction for muscular strength and endurance, 

aerobic capacity, and flexibility. Results from each category are given a value that corresponds to 

a health benefit rating. The cardiovascular test used in the CPAFLA is the modified Canadian 

Aerobic Fitness Test (mCAFT), where participants step up and down to a set cadence as 



15 

 

instructed by an audiotape or disc (CPAFLA, 2003). While these tests are relatively easy to 

administer, the standard protocols have not been validated for children less than 15 years of age. 

A criticism of the step tests, especially in younger participants, is they require coordination to 

maintain the stepping pattern to the appropriate cadence (Tremblay et al., 2010). Strengths of the 

mCAFT include the submaximal nature of the test and that the test can be performed in small 

spaces, such as a classroom or an office.  

The field tests that are used to test muscular fitness in children and youth differ with 

available fitness testing measurement tools and protocols. Two common measures for measuring 

lower body explosive strength in children and youth are a standing broad jump and a vertical 

jump. The standing broad jump has participants stand at a marked line on the floor and jump as 

far forward as possible. The horizontal distance jumped is recorded. In a vertical jump, 

participants stand beside a wall and jump upwards, reaching up the wall with an outstretched arm 

and touching the wall at the apex of their jump. The participants standing reach is subtracted 

from their jumping reach and they are given a score of vertical jump height.  

Upper body strength and endurance in children and youth have also been measured using 

different methods. For example, two common measures sometimes used for muscular strength 

are a grip-strength test and a bent-arm hang test. For the grip-strength test, individuals squeeze a 

handheld dynamometer which produces an output value in kilograms. This is done on each hand, 

and the combined value is recorded as a measure of upper body strength (CSEP, 2003). The grip-

strength test has been considered a reliable tool for measuring muscular strength in children 

(Artero et al, 2011), and can be used to measure grip strength in children as young as three years 

old (Sanchez-Delgado et al., 2015). Another measure, the bent-arm hang, requires less 

specialized equipment, and was originally used in the initial Canada Fitness Awards (Canada 
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Fitness Award Manual, 1986). This test has participants maintain a bent arm position while 

hanging from a bar. Grasping the bar with palms forward and keeping their chin above the bar, 

the total time is recorded until the participant breaks form or quits (Castro-Pinero et al., 2009a). 

Upper body muscular endurance is typically measured through the use of a push up test (Castro-

Pinero et al., 2009a). However, the protocols differ between methods. For example, The 

Fitnessgram push-up test has all participants perform push-ups pivoting from the toes at a set 

cadence of 20 push-ups per minute, where a total number of repetitions until failure are recorded 

(2013). This differs from the CPAFLA protocol where males complete the test pivoting from the 

toes, and females perform push-ups pivoting from the knees, while keeping a consistent cadence 

set by the participant (CSEP, 2003). 

Abdominal endurance is commonly measured using a variation of a sit-up or abdominal 

crunch. Generally, participants lay supine on the ground with their knees bent (Castro-Pinero et 

al., 2009a). Some protocols require the participant to complete as many repetitions as possible in 

a given time (e.g., 30 seconds), either with ankles bound to the ground or not (Castro-Pinero et 

al., 2009a). Other protocols, such as the Fitnessgram (2013) and CPAFLA use a slower, more 

controlled abdominal endurance approach where participants have to perform curl-ups to a set 

cadence, up to a maximum number of repetitions. The maximum number is 75 in the 

Fitnessgram protocol and 25 in the CPAFLA protocol (Fitnessgram, 2013; CSEP, 2003).  

Hamstring and lower back flexibility is typically measured using a sit-and-reach test, or a 

leg raise test (Castro-Pinero, et al., 2009b). In a passive straight leg raise test, a person lays 

supine on the ground while another person, the tester, passively moves their straight leg up-

wards, decreasing the angle between the spine and the femur. The tester measures the angle at 

the point where tightness is felt, where smaller angles reflect greater hamstring and lower back 
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flexibility (Castro-Pinero, et al., 2009b). This test requires a skilled and trained person to 

facilitate testing, but is considered a good measure of hamstring and lower back flexibility 

(Castro-Pinero, et al., 2009b). An alternate flexibility test used in children and adults is a sit-and-

reach test. During this test, a person sits on the ground with their legs extended straight in front 

of them and feet against a measuring device. They are instructed to lean forward as far as 

possible with arms outstretched, pausing at the end of the stretch. The distance of forward reach 

is measured, and a larger distance reflects greater hamstring and lower back flexibility (Castro-

Pinero, et al., 2009b). The sit-and-reach test is easy and quick to administer, and has a test-restest 

reliability of 0.88 in children 11 to 16 years of age (Jones, Stratton, Reilly, & Unnithan, 2002).  

2.2 Physical Activity in Children 

 2.2.1 Prevalence 

The Canadian PA Guidelines recommend that 4-year-old children should accumulate 180 

minutes of PA at any intensity throughout the day (Canadian Society for Exercise Physiology, 

2014a) and work towards 60 minutes of energetic play (i.e., moderate- to vigorous-intensity PA 

(MVPA)). For children 5 to 11 years old, it is recommended that they participate in a minimum 

of 60 minutes of daily MVPA (Canadian Society for Exercise Physiology, 2016). While research 

suggests that approximately three quarters of children participate in PA a few days per week, 

many children do not meet the national guidelines (The Well-being of Canada’s Young Children, 

2011). More specifically, only 14% of Canadian children aged 5 to 11 years are meeting the 60-

minute recommendation according to objectively measured data from the Canadian Health 

Measures Survey (ParticipACTION Report Card, 2016). Of children 3 to 4 years of age, 84% 

met the recommended guideline of 180 minutes of total PA (Colley et al., 2013). However, only 

11% of children are participating in 180 minutes of total PA and 60 minutes of MVPA (Colley et 
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al., 2011). Furthermore, girls are less likely to participate in PA than boys the same age (The 

Well-being of Canada’s Young Children, 2011).  

Research has also examined PA tracking over time. For example, a recent review that 

looked at PA tracking from early childhood (< 5 years) to middle-childhood (6 to 11 years), 

reported the median PA tracking as moderate with a tracking coefficient of 0.36 (Jones, Hinkley, 

Okely, & Salmon, 2013). It is important to consider how behaviours track, especially when 

determining the best ages to target for interventions. Considering that PA behaviours track 

moderately overtime, and currently a low percentage of children in Canada meet national 

guidelines, improvements are needed to positively impact the health of Canadian children.  

2.2.2 Health Implications 

 As described in the predictors of fitness section, there is some evidence to indicate that 

higher PA may be associated with improved cardiovascular endurance and muscular strength 

(The Well-being of Canada’s Young Children, 2011). In addition to fitness, there are many other 

health benefits of PA. For instance, a review by Janssen & LeBlanc (2011) that informed the 

Canadian PA Guidelines for Children and Youth reported that participating in 60 minutes or 

more of MVPA is associated with the greatest health benefits. These benefits include controlled 

blood pressure, reduced risk of metabolic syndrome, reduced overweight and obesity, improved 

bone mineral density and reduced depression (Poitras, et al., 2016; Janssen & LeBlanc, 2010). In 

early years children 0 to 4 years old, higher levels of PA are associated with bone health, motor 

skill development, psychosocial health, cognitive development, and cardiometabolic health 

(Timmons et al., 2012). 

Also, understanding the impact of PA on health of children and youth under 18 years is 

important because of its known association with obesity in childhood and the likelihood of it 
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leading to obesity in adolescence and adulthood (Yang, Telama, Viikari, & Raitakari, 2006; 

Tammelin, Laitinen, & Nayha, 2004). One study reported that 33% of preschool aged children 

were obese and half of these children would remain obese into their adult years (Plourde, 2006). 

Similarly, another study tracked PA and weight status over 21 years (from age 9 to adulthood); 

concluding that persistent PA lowers the risk of abdominal obesity in women (Yang, Telama, 

Viikari, & Raitakari, 2006). Both studies suggest that childhood behavior, healthy or unhealthy, 

may track into adulthood.  

2.2.3 Measurement  

There are several different methods for measuring children’s PA. Direct calorimetry 

measures energy expenditure and is considered the gold standard for measuring PA (Sirard & 

Pate, 2001).  However, this method is invasive, costly, and would not be appropriate for 

measuring typical PA patterns in children (Schoeller & Webb, 1984), especially in large 

population-based samples. The next best approach for measuring PA in children and youth is to 

objectively measure their movement through the use of a pedometer or an accelerometer. A 

pedometer is normally worn on clothing at the hip joint and counts the number of steps taken. 

The daily number of steps are recorded and the child is considered sufficiently active if they 

accumulate 12,000 steps/day and 15, 000 steps/day for girls and boys, respectively (Tudor-Locke 

et al., 2004). Rather than counting steps, an accelerometer can detect movement in different 

planes of motion. An accelerometer is typically worn at the hip and researchers must use 

specialized computer software and validated cut-points to determine time spent in different PA 

intensities (Sirard & Pate, 2001). While both the pedometer and accelerometer are commonly 

used, they are expensive to purchase, especially the accelerometer, and need to be worn for 

multiple days for accurate results (Herrmann, Barreira, Kang, & Ainsworth, 2014). 
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Another common method for measuring PA data is through the use of a questionnaire. 

When children are young, proxy-reports are used and parents, guardians, or other caregivers 

complete the questions on the child’s behalf. Proxy-reports have been found to provide reliable 

information on the type, frequency, and duration of PA among children 12 years old and younger 

(Telford, Salmon, Jolley, & Crawford, 2004). Using the proxy-report in these ages is also 

beneficial because it reduces recall errors that may be present due to cognitive limitations of the 

children (Sirard & Pate, 2001). However, using a proxy-questionnaire also has limitations. For 

instance, the proxy is responsible for remembering and accurately recording the amount of PA a 

child participates in even if they are not with the child the entire day due to school or childcare, 

which can introduce biases, such as recall bias. Furthermore, social desirability bias can be 

introduced if the proxy feels social pressure to answer in a certain way. Even with these 

limitations, questionnaires are an acceptable and affordable option when there are limited 

resources and large sample sizes. 

2.3 Screen Time in Children 

2.3.1 Prevalence  

In children, a common type of sedentary behaviour is ST (Must & Tybor, 2005). National 

sedentary behaviour guidelines state that early years children 2 to 4 years of age should limit ST 

to one hour or less each day (Canadian Society for Exercise Physiology, 2014b), and children 

between the ages of 5 and 17 years should limit ST to two hours or less each day (Canadian 

Society for Exercise Physiology, 2016). Research in a national sample of grade 6 to 10 students 

indicated that only approximately 20% of participants were meeting the two hours per day 

guideline for ST (Mark, Boyce, & Janssen, 2006). This value is similar to another nationally 

representative sample where only 24% of children aged 5 to 11 years met the recommended 
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guideline of less than two hours of ST each day (ParticipACTION Report Card, 2016). 

Furthermore, children aged 5 to 17 years spent on average 8.5 waking hours per day sedentary  

(ParticipACTION Report Card, 2016). For early years children, only 18% of Canadian 3- to 4-

year-olds met the recommendations of less than one hour of ST activities each day (Colley, et al., 

2013).  

Similar to PA, research has also examined ST tracking over time. Jones and others 

(Jones, Hinkley, Okely, & Salmon, 2013) conducted a review and observed that sedentary 

behaviours tracked largely from early childhood (<5 years) to middle-childhood (6 to 11 years) 

with a median tracking coefficient of 0.52. With majority of young Canadian children not 

meeting recommended ST guidelines and the tendency for ST levels to track over time, it is 

important to consider targeting this behaviour at a young age to establish healthy habits that 

could be carried over into later childhood.  

2.3.2 Health Implications  

As described in the predictors of fitness section, there is some evidence that higher 

sedentary behaviour is associated with lower fitness in children and youth. In addition to 

associations with fitness, higher ST among early years children, and children and youth aged 0 to 

4 and 5 to 17 years have been found to be associated with several other negative health indicators 

(Carson et al., 2016; LeBlanc et al., 2012; Tremblay et al., 2011). Specifically with children aged 

0 to 4 years, higher ST is associated with poorer adiposity, psychosocial health scores, and 

cognitive development (LeBlanc et al., 2012). Similarly, more than two hours of ST, primarily 

TV, among children and youth aged 5 to 17 years is associated with poor body composition, self-

esteem, cardiovascular fitness and academic achievement (Tremblay et al., 2011). Furthermore, 

recently published literature suggests that increased sedentary behaviours may contribute to the 
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increased levels of cardiovascular disease risk factors in children, such as abdominal obesity, 

hypertension, disturbed glucose and insulin metabolism (Froberg, 2014), and low bone mineral 

density in 6- to 12-years-olds (Sioen et al., 2015).  

2.3.3 Measurement 

Children’s ST is typically measured using self- or proxy-report questionnaires or log 

books (Carson, Rosu, & Janssen, 2014; Yang, Telama, Viikari, & Raitakari, 2006). For example, 

to determine how much television a child watches, the proxy-report might ask the parent to 

report what time the child started and stopped watching a television program in a log book. 

Alternatively, the parent or guardian might be asked to recall and record the amount of television 

viewing time from the previous week in a questionnaire. The current limitation of the self- and 

proxy-report measures of ST is the lack of valid and reliable tools (Bryant, Lucove, Evenson, & 

Marshall, 2006).   

Similar to PA, total daily sedentary behaviour can be objectively measured using an 

accelerometer. The accelerometer data can be used to determine periods in time where no or 

minimal movement occurred (Lubans et al., 2011). The time spent in minimal movement during 

the day is summed to create a daily time spent in sedentary behaviour variable. Similar to 

measuring PA with accelerometers, research suggests that individuals wear the accelerometers 

10 to 12 hours a day for 3 to 4 days to achieve an accurate representation of sedentary behaviour 

(Herrmann, Barreira, Kang, & Ainsworth, 2014). However, it is not possible to specifically 

measure ST with accelerometers alone, therefore; combining accelerometer data with a 

subjective measure is recommended (Lubans et al., 2011). 

  



23 

 

2.4 References 

Aires, L., Andersen,  L.B., Mendonca, D., Martins, C., Silva, G., & Mota, J. (2010). A 3-year 

longitudinal analysis of changes in fitness, physical activity, fatness and screen time. Acta 

Paediatr, 99(1), 140-144.  

Anderssen, S. A., Cooper A.R., Riddoch, C. Sardinhad, L.B., Harroe, M., Bragef, S., & 

Andersena, L.B. (2007). Low cardiorespiratory fitness is a strong predictor for clustering 

of cardiovascular disease risk factors in children independent of country, age and sex.  

European Journal of Cardiovascular Prevention and Rehabilitation , 14(4), 526-531. 

Artero E.G., et al. (2011). Reliability of field-based fitness tests in youth. International Journal 

of Sports Medicine, 32, 159–69. 

Blair, S.N., Cheng, Y., & Holder, J.S. 2001. Is physical activity or physical fitness more 

important in defining health benefits? Med Sci Sports Exerc, 33(6), 379–399. 

Bryant, M. J., Lucove, J. C., Evenson, K. R., & Marshall, S. (2007). Measurement of television 

viewing in children and adolescents: a systematic review. Obes Rev, 8(3), 197-209. 

doi:10.1111/j.1467-789X.2006.00295.x 

Canadian Fitness and Lifestyle Research Institute. Kids CANPLAY. (2014). Bulletin 1: Physical 

activity levels of children and youth. Ottawa: Canadian Fitness and Lifestyle Research 

Institute. 

Canada Fitness Award Manual. (1986). Government of Canada: Fitness and Amateur Sport. 

Publication No. H93-91. 

Canada Fitness Survey (1982). Canada's Fitness Survey: Preliminary findings of the 1981 

survey. Ottawa, ON.: Government of Canada. 



24 

 

Canadian Society for Exercise Physiology (2016). Canadian 24 hour movement guidelines for 

children and youth: an intigration of physical activity, sedentary behaviour, and sleep. 

Retrieved from http://www.csep.ca/CMFiles/Guidelines/24hrGlines/Canadian24Hour 

MovementGuidelines2016.pdf 

Canadian Society for Exercise Physiology (2014a). Canadian physical activity guidelines for the 

early years  (0-4 years).   Retrieved from http://www.csep.ca/en/guidelines/read-the-

guidelines 

Canadian Society for Exercise Physiology (2014b). Canadian sedentary behaviour guidelines for 

the early years (0-4 years). Retrieved from http://www.csep.ca/en/guidelines/read-the-

guidelines 

Canadian Society for Exercise Physiology. (2003). Canadian Physical Activity, Fitness and 

Lifestyle Approach (CPAFLA), 3
rd

 ed. Canadian Society for Exercise Physiology, 

Ottawa, Ont. Canada. 

Carson, V., Rosu, A., & Janssen. (2014). A cross-sectional study of the environment, physical 

activity, and screen time amoung children and their parents. BMC Public Health, 14(1), 

61. 

Carson, V., Hunter, S., Kuzik, N., Gray, C.E., Poitras, V.J., Chaput, J., …Tremblay, M.S. (2016). 

Systematic review of sedentary behaviour and health indicators in school-aged children 

and youth: an update. Applied Physiology, Nutrition, and Metabolism, 41(6), s240-s265. 

Castro-Pinero, J., Gonzalez-Montesinos, J. L., Mora, J., Keating, X. D., Girela-Rejon, M. J., 

Sjostrom, M., & Ruiz, J. R. (2009a). Percentile values for muscular strength field tests in 

children aged 6 to 17 years: influence of weight status. Journal of Strength and 

Conditioning Research, 23(8), 2295-2310.  

http://www.csep.ca/CMFiles/Guidelines/24hrGlines/Canadian24Hour%20MovementGuidelines2016.pdf
http://www.csep.ca/CMFiles/Guidelines/24hrGlines/Canadian24Hour%20MovementGuidelines2016.pdf


25 

 

Castro-Pinero, J., Chillon, P., Ortega, F.B., Montesinos, J.L., Sjostrom, M., &Ruiz, J.R. (2009b). 

Criterion-related validity of sit-and-reach and modified sit-and-reach tests for estimating 

hamstring flexibility in children and adolescents aged 6-17 years. International Journal 

of Sports Medicine, 30(9), 658-662. 

Ciesla, E., Mleczko, E., Bergier, J., Markowska, M., and Nowak-Starz, G. 2014. Health-related 

physical fitness, BMI, physical activity and time spent at a computer screen in 6 and 7-

year-old children from rural areas in Poland. Ann Agric Environ Med, 21(3): 617-621. 

Colley, R. C., Garriguet, D., Adamo, K. B., Janssen, I., & Timmons, B. W. (2013). Physical 

activity and sedentary behaviour during the early years in Canada: a cross-sectional 

study. International Journal of Behavioural Nutrition and Physical Activity, 10(1), 54.  

Drenowatz, C., Kobel, S., Kettner, S., Kesztyus, D., and Steinacker, J.M. (2014). Interaction of 

sedentary behaviour, sports participation and fitness with weight status in elementary 

school children. Eur J Sport Sci, 14(1), 100-105. 

Fitnessgram (2013). Fitnessgram Test Administration Manual Updated. (M. D. Meredith & G. J. 

Welk Eds. 4 ed.). Windsor, ON. 

Forest, M.G. (1981) Controls of the Onset of Puberty. Crosignani, P.G., Rubin, B.L., ed. 

Endocrinology of human infertility: new aspects. London, England, Academic Press; 

New York, Grune and Stratton, 267-306. 

Froberg, K. (2014). Relation between physical activities, fitness, muscle strengths and health: 

findings from the European Youth Hearts Study (EYHS). Education, Physical Training, 

Sport, 2(93), 10-20. 

Garcia, A. W., & Zakrajsek, J. S. (2000). Evaluation of the Canadian Aerobic Fitness Test with 

10- to 15-year-old children. Pediatric Exercise Science, 12(3), 300-311.  



26 

 

Government of Newfoundland and Labrador (1967). Annual report of the department of 

education. Creative Printers and Publishers Limmited. 

Heroux, M., Onywera, V., Tremblay, M. S., Adamo, K. B., Lopez Taylor, J., Jauregui Ulloa, E., 

& Janssen, I. (2013). The relation between aerobic fitness, muscular fitness, and obesity 

in children from three countries at different stages of the physical activity transition. 

ISRN Obes, ID 134835. doi:10.1155/2013/134835 

Herrmann, S. D., Barreira, T. V., Kang, M., & Ainsworth, B. E. (2014). Impact of accelerometer 

wear time on physical activity data: a NHANES semisimulation data approach. Br J 

Sports Med, 48(3), 278-282. doi:10.1136/bjsports-2012-091410 

Janssen, I. (2007). Physical activity guidelines for children and youth. Applied Physiology, 

Nutrition, and Metabolism, 32(S2E), S109-121. doi:10.1139/h07-109 

Janssen, I. & Leblanc, A. G. (2010). Systematic review of the health benefits of physical activity 

and fitness in school-aged children and youth. Int J Behav Nutr Phys Act, 7, 40. 

doi:10.1186/1479-5868-7-40 

Jones, M.A., Stratton, G., Reilly, T., & Unnithan, V.B. (2002). Measurement error associated 

with spinal mobility measures in children with and without low-back pain. Acta Paediatr, 

91(12), 1339-1343. 

Jones, R.A., Hinkley, T., Okely, A.D., & Salmon, J. (2013). Tracking physical activity and 

sedentary behaviours in childhood: A systematic review. Americal Journal of 

Preventative Medicine, 44(6), 651-658. 

Kirchengast, S. (2010). Gender differences in body composition from childhood to old age: An 

evolutionary point of view. Journal of Life Sciences, 2(1), 1-10. 



27 

 

LeBlanc, A. G., Spence, J. C., Carson, V., Connor Gorber, S., Dillman, C., Janssen, I., . . . 

Tremblay, M. S. (2012). Systematic review of sedentary behaviour and health indicators 

in the early years (aged 0-4 years). Appl Physiol Nutr Metab, 37(4), 753-772. 

doi:10.1139/h2012-063 

Lubans, D. R., Hesketh, K., Cliff, D. P., Barnett, L. M., Salmon, J., Dollman, J., . . . Hardy, L. L. 

(2011). A systematic review of the validity and reliability of sedentary behaviour 

measures used with children and adolescents. Obes Rev, 12(10), 781-799. 

doi:10.1111/j.1467-789X.2011.00896.x 

Mark, A.E., Boyce, W.F., & Janssen, I. (2006). Television viewing, computer use and total 

screen time in Canadian youth. Paediatrics & Child Health, 11(9), 595-599. 

Must, A., & Tybor, D. J. (2005). Physical activity and sedentary behavior: a review of 

longitudinal studies of weight and adiposity in youth. International Journal of Obesity, 

29, S84-S96. doi:10.1038/sj.ijo.0803064 

Niederer, I., Burgi, F., Ebenegger, V., Marques-Vidal, P., Schindler, C., Nydegger, A., . . . 

Puder, J. J. (2013). Effects of a lifestyle intervention on adiposity and fitness in 

overweight or low fit preschoolers (Ballabeina). Obesity (Silver Spring), 21(3), E287-

293. doi:10.1002/oby.20119 

Ontario Agency for Health Protection and Promotion (Public Health Ontario, 2015), Pyper E, 

Harrington DW, Manson HM. Screen time: parental support for child health. Toronto: 

Queen’s Printer for Ontario; 2015. 

Ortega, F. B., Ruiz, J. R., Castillo, M. J., & Sjostrom, M. (2008). Physical fitness in childhood 

and adolescence: a powerful marker of health. Int J Obes (Lond), 32(1), 1-11. 

doi:10.1038/sj.ijo.0803774 



28 

 

ParticipACTION. (2016). ParticipACTION Report Card on Physical Activity for Children and 

Youth. Retrieved from http://www.participaction.com/en-ca/thought-leadership/report-

card/2016 

Plourde, G. (2006). Preventing and managing pediatric obesity. Canadian Family Physician, 

52(3), 322-328.  

Poitras, V.J., Gray, C.E.,  Borghese, M.M., Carson, V., Chaput, J., Janssen, I., …Tremblay, M.S. 

(2016). Systematic review of the relationships between objectively-measured physical 

activity and health indicators in school-aged children and youth.  Applied Physiology, 

Nutrition, and Metabolism, 41(6), s197-s239. 

Province of Manitoba (1966). Athletic awards program is launched in Manitoba.  Retrieved from 

http://news.gov.mb.ca/news/archives/1966/10/1966-10-21-athletic_awards_program_ 

is_launched_in_manitoba.pdf 

Quinney, H. A., Watkinson, E. J., Massicotte, D., Conger, P. R., & Gauthier, R. (1981). The 

height, weight and height/weight ratio of Canadian children in 1979. Canadian Medical 

Association Journal, 125(8), 863–865.  

Sanchez-Delgado, G., Cadenas-Sanchez, C., Mora-Gonzalez, J., Martinez-Tellez, B., Chillon, P., 

Lof, M., . . . Ruiz, J. R. (2015). Assessment of handgrip strength in preschool children 

aged 3 to 5 years. Journal of Hand Surgery Eur, 40(9), 966-972. 

doi:10.1177/1753193415592328 

Santos, R., Mota, J., Okely, A. D., Pratt, M., Moreira, C., Coelho-e-Silva, M. J., . . . Sardinha, L. 

B. (2014). The independent associations of sedentary behaviour and physical activity on 

cardiorespiratory fitness. Br Journal of  Sports Medicine, 48(20), 1508-1512. 

doi:10.1136/bjsports-2012-091610 



29 

 

Schoeller, D. A., & Webb, P. (1984). Five-day comparison of the doubly labeled water methods 

with repiratory gas exchange. The American Journal of Clinical Nutrition, 40(1), 153.  

Sioen, I., Michels, N., Polfliet, C., De Smet, S., D'Haese, S., Roggen, I., . . . De Henauw, S. 

(2015). The influence of dairy consumption, sedentary behaviour and physical activity on 

bone mass in Flemish children: a cross-sectional study. BMC Public Health, 15, 717. 

doi:10.1186/s12889-015-2077-7 

Sirard, J. R., & Pate, R. R. (2001). Physical activity assessment in children and adolescents. 

Sports Medicine, 31(6), 439-454.  

Smith, J. J., Eather, N., Morgan, P. J., Plotnikoff, R. C., Faigenbaum, A. D., & Lubans, D. R. 

(2014). The health benefits of muscular fitness for children and adolescents: a systematic 

review and meta-analysis. Sports Med, 44(9), 1209-1223. doi:10.1007/s40279-014-0196-

4. 

Stephens, T. & Craig, C. (1990). The well-being of Canadians: The 1998 Campbell’s survey. 

Ottawa, ON: Canada Fitness and Lifestyle Research Institute.  

Tammelin, T., Laitinen, J., & Nayha, S. (2004). Change in the level of physical activity from 

adolescence into adulthood and obesity at the age of 31 years. International Journal of 

Obesity Related Metabolic Disorders, 28(6), 775-782. doi:10.1038/sj.ijo.0802622 

Telford, A., Salmon, J., Jolley, D., & Crawford, D. (2004). Reliability and validity od physical 

activity questionnaires for children: The children's leasure activities survey (CLASS). 

Pediatric Exercise Science, 16(1), 64-78.  

The well-being of Canada's young children. (2011). Government of Canada Report. Retrieved 

from http://www.dpe-agje-ecd-elcc.ca/eng/ecd/well-being/sp_1027_04_12_eng.pdf 



30 

 

Till, D. (2010). The Canada Fitness Test: Dave Till's Blog. Retrieved from 

https://davetill.wordpress.com/2010/06/04/the-canada-fitness-test/ 

Timmons, B. W., Leblanc, A. G., Carson, V., Connor Gorber, S., Dillman, C., Janssen, I., . . . 

Tremblay, M. S. (2012). Systematic review of physical activity and health in the early 

years (aged 0-4 years). Applied Physiology, Nutrition, & Metababolism, 37(4), 773-792. 

doi:10.1139/h2012-070 

Tremblay, M. S., LeBlanc, A. G., Kho, M. E., Saunders, T. J., Larouche, R., Colley, R. C., . . . 

Connor Gorber, S. (2011). Systematic review of sedentary behaviour and health 

indicators in school-aged children and youth. International Journal of Behavioural 

Nutrition & Physical Activity, 8, 98. doi:10.1186/1479-5868-8-98 

Tremblay, M. S., Shields, M., Laviolette, M., Craig, C. L., Janssen, I., & Gorber, S. C. (2010). 

Fitness of Canadian children and youth: Results from the 2007-2009 Canadian Health 

Measures Survey.  Retrieved from http://www.statcan.gc.ca/pub/82-003-

x/2010001/article/11064-eng.pdf. 

Tudor-Locke, C., Pangrazi, R. P., Corbin, C. B., Rutherford, W. J., Vincent, S. D., Raustorp, A., 

. . . Cuddihy, T. F. (2004). BMI-referenced standards for recommended pedometer-

determined steps/day in children. Preventitive Medicine, 38(6), 857-864. 

doi:10.1016/j.ypmed.2003.12.018. 

van Deutekom, A. W., Chinapaw, M. J., Vrijkotte, T. G., & Gemke, R. J. (2015). The association 

of birth weight and infant growth with physical fitness at 8-9 years of age--the ABCD 

study. International Journal of Obesity (Lond), 39(4), 593-600. doi:10.1038/ijo.2014.204. 



31 

 

Yang, X., Telama, R., Viikari, J., & Raitakari, O. T. (2006). Risk of obesity in relation to 

physical activity tracking from youth to adulthood. Medicine & Science in Sport & 

Exercise, 38(5), 919-925. doi:10.1249/01.mss.0000218121.19703.f7. 

 

 

  



32 

 

Chapter 3: Manuscript 1 

Associations between physical activity, screen time, and fitness among 6- to 10-year-old children 

living in Edmonton, Canada 

 

 

This manuscript will be submitted to Applied Physiology, Nutrition, and Metabolism and is 

presented according to the journal requirements. 

 

  



33 

 

3.1 Abstract 

 The objectives of this study were to describe fitness levels, examine associations between 

physical activity (PA), screen time (ST), and fitness, and examine sex moderating effects in a 

sample of children. Participants were 649 children (7.8 ± 0.6 years; 52.4% female) from 

Edmonton, Canada. Hours/week of PA and ST were parental-reported. Physical activity was also 

objectively measured with pedometers and expressed as 1000 steps/day. Fitness components 

(i.e., vertical jump, sit-and-reach, waist circumference, grip strength, predicted maximal oxygen 

consumption (VO₂ max), push-ups, partial curl-ups, overall fitness) were measured according to 

the Canadian PA, Fitness and Lifestyle Approach protocols and expressed as z-scores or 

low/high fitness. Positive associations were observed between PA and overall fitness for both the 

complete (subjective: β=0.009, 95% CI: 0.001, 0.017) and partial (≥3 available fitness measures; 

subjective: β=0.006, 95% CI: 0.000, 0.011; objective: β=0.025, 95% CI: 0.007, 0.042) fitness 

scores. Subjective (β=0.011, 95% CI: 0.000, 0.022) and objective (β=0.043, 95% CI: 0.008, 

0.078) PA were positively associated with vertical jump. Children with higher objective PA were 

more likely to be in the high push-ups group (OR=1.156, 95% CI: 1.054, 1.267). Physical 

activity was positively associated with predicted VO₂ max (subjective: β=0.040, 95% CI: 0.018, 

0.063; objective: β=0.084, 95% CI: 0.012, 0.157) and grip strength (subjective: β=0.025, 95% 

CI: 0.011, 0.040) in boys only. Screen time was negatively associated with grip strength (β=-

0.016, 95% CI: -0.028, -0.004) in boys only. Physical activity was associated with several 

components of fitness, especially in boys. However, few associations were observed between ST 

and fitness. Promoting regular PA in young children may address declining fitness levels.   
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3.2 Introduction 

Low musculoskeletal and cardiovascular fitness in children are associated with risk factors for 

chronic diseases (Grontved et al., 2013; Ortega et al., 2008; Garcia-Artero et al., 2007). 

Conversely, improved or higher levels of fitness are associated with reduced blood pressure, less 

abdominal obesity, improved bone mineral density, and reduced depression, anxiety, and stress 

(Ortega et al., 2008; Tremblay et al., 2010; Janssen and Leblanc, 2010). Despite the clear health 

benefits, fitness levels have decreased significantly in children since the 1980s (Tremblay et al., 

2010).  Consequently, it is important to understand the factors that predict fitness, especially in 

children, to reverse these trends.  

Some research in children suggests that fitness is determined in part by non-modifiable 

factors, such as genetics (Guth & Ross, 2013; Chiu et al., 2011) and low birth weight (van 

Deutekom et al., 2015). Physical fitness may also be influenced by modifiable factors such as, 

PA and sedentary behaviour (Santos et al., 2015). More specifically, it is possible that increasing 

energy output through PA can create notable changes in physiological variables, such as blood 

lipid, blood pressure, or body composition changes that can in turn impact physical fitness levels 

(Blair, Cheng, & Holder, 2001). This is important considering the dose-response for various 

health outcomes and physical fitness in adults is steep (Blair, Cheng, & Holder, 2001). It is likely 

that the reverse could present with increased ST, as increased time in sedentary behaviour 

generally reduces energy output.    

The PA of children and youth has been a key public health focus over the past two 

decades (Tremblay et al., 2010; ParticipACTION, 2016), and many interventions have been 

developed and implemented to target these behaviours in multiple settings (Showell et al., 2013; 

Harris et al., 2009). However, research indicates that children’s PA remains extremely low 
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(Colley et al., 2011; Tremblay et al., 2010; Shields, 2006). Currently only 14% of Canadian 

children aged 5 to 11 years are meeting the recommended PA guidelines (ParticipACTION, 

2016). Similar to PA, only 24% of children aged 5 to 11 years meet the ST recommendations 

(ParticipACTION, 2016) within the sedentary behaviour guidelines for Canadian children 

(Canadian Society for Exercise Physiology, 2016). Current low levels of PA and high levels of 

ST may partially explain the declining fitness levels and consequential health impacts.  

To date, fitness levels and factors affecting fitness in children less than 10 years of age 

such as PA and sedentary behaviour have been relatively unexplored (Smith et al., 2014). 

Furthermore, the role of sex in these relationships is unclear. Since children naturally experience 

an increase in strength until puberty, and girls’ fitness tends to plateau where boys’ fitness tends 

to increase after pubertal changes (Beunen & Thomis, 2000; Gallahue & Ozman, 2006), it is 

necessary to explore sex as a moderator of the relationship between PA or ST and fitness in 

children. Therefore, the objectives of this paper are to: (1) describe fitness levels in a sample of 

6- to 10-year-olds from Edmonton, Canada; (2) examine the associations between PA, ST, and 

fitness; and (3) examine if sex moderates the associations between PA, ST, and fitness. 

3.3 Methods 

3.3.1 Participants 

Participants for this cross-sectional study were a part of the Spatial Health Assessment of 

Physical Environments (SHAPEs) baseline study and the SHAPEs of Things to Come 

longitudinal follow-up study. During the baseline phase (2005-2007), children aged 4 to 6 years 

and their parents were recruited from Capital Health Centers when the children received their 

preschool immunizations. Though preschool immunization is not mandatory in the province of 

Alberta, prior research indicated that 74% of children in the Edmonton region were given the 
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immunization for Diphtheria, Tetanus, Pertussis and Polio (DTap-IPV) before entering grade one 

in 2004 (Edwards et al. 2008). The percentage of early years children immunized for DTap-IPV 

in 2014 stayed relatively consistent at 76% (Government of Alberta, 2015). This suggests that 

most children access these health centers before entering grade one, making the centers an 

appropriate place to access a large proportion of children from the Edmonton health region.  

A total of 2,114 children participated in the baseline study. Of these, 1,337 (63%) agreed 

to be re-contacted for future research. Once contacted, 649 children aged 6 to 10 years 

participated in the follow-up data collection. This study is based on the follow-up data collection 

only. The University of Alberta’s Ethics Board (HREB) approved this study and all parents 

provided written and informed consent. 

3.3.2 Procedures 

Children whose parents agreed to be contacted regarding the follow-up study during the 

baseline data collection were contacted by telephone. If the parents remained interested in 

participating they were sent an information form, consent form, and a short questionnaire. All 

fitness testing was done at the University of Alberta campus. Once at the facility, the consent 

form and brief questionnaire were collected from the parent. The procedures were then explained 

to both the parent and child, and the child performed the physical fitness assessment. At the end 

of the session, children were provided a pedometer to take home. They were asked to wear the 

pedometer for four consecutive days, including at least one weekend day, and parents recorded 

the total number of steps at the end of each day in a logbook. Participating families received a 

small thank-you gift valued at approximately $20 per family.  Full procedures are included in 

Appendix A. The information form, questionnaires, and logbook are included in Appendices B, 

C, D, E, & F.   
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3.3.3 Measures 

3.3.3.1 Exposure Variables 

A modified version of the Children’s Leisure Activities Study Survey (CLASS; Telford 

et al., 2004) was used to collect parent-reported PA of the child (subjective PA). Specifically, 

they reported on nine PA’s that the child usually participates in during the current season: 

swimming (lessons and for fun), soccer, ballet/dance, gymnastics, skating, hockey, bike riding, 

gym activities, and active play (including at a playground). A tenth space was provided for 

inclusion of a PA that was not listed in the first nine options. Parents recorded frequency (how 

many times) and duration (average minutes each time) for each activity done on a weekday 

(Monday - Friday) and weekend (Saturday - Sunday). Total hours per week of subjective PA 

were calculated by summing weekday and weekend minutes and dividing by 60. Physical 

activity values greater than 42 hours per week were defined as outliers and truncated to 42 hours 

(n=6). Previous work has shown substantial to almost perfect 2-week test-retest reliability (62%-

94% agreement) for the CLASS when estimating PA for children ages 5 to 6 years (Telford et 

al., 2004). 

Physical activity was also measured objectively using a StepsCount SC-T2 [Steps Count, 

Deep River, ON, CA] pedometer. Parents and children were instructed to have the child put on 

the pedometer as soon as they awoke in the morning. Once the pedometer was in place and 

positioned above the right hip, participants were to walk 20 steps and check that the pedometer 

recorded between 19 and 21 steps, inclusively. If this did not happen, participants were 

instructed to re-position the pedometer and try again. Pedometers were not to be worn while 

swimming or bathing. Participants removed the pedometer before going to bed and parents 

recorded the number of steps taken during the day in the activity log. Participants with at least 

three days of complete pedometer data were included. Average steps per day (objective PA) 
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were calculated by averaging across valid days, and was expressed as 1000 steps/day (steps per 

day divided by 1000). Pedometers have shown acceptable reliability (r = 0.79) for measuring PA 

in elementary school children (mean age = 9.3 years) when worn for at least three days (Ling & 

King, 2015). 

Screen time was assessed through parent-proxy report of usual participation in three ST 

activities: TV/videos, play station/Nintendo/x-box/ game-boy, and computer/internet/computer 

games. An additional space was provided for the inclusion of a ST activity that was not 

mentioned previously. Parents recorded the total amount of time their child participated in these 

activities in a typical week and in a typical weekend. Average hours per week of ST were 

calculated by summing weekday and weekend day minutes and dividing by 60. Outlying ST 

values greater than 42 hours per week were truncated to 42 hours of weekly ST (n=6). While no 

reliability information is available for this ST proxy report, it has been used in previously 

published work (Carson, Spence, Cutumisu, & Cargill, 2010). 

3.3.3.2 Outcome Variables 

The Canadian PA, Fitness & Lifestyle Approach (CPAFLA) Manual and fitness testing 

protocol was used to assess physical fitness (CSEP, 2003). At the time of data collection, this 

was the current protocol in place with the Canadian Society for Exercise Physiology (CSEP). At 

least one of the research assistants was recognized as Certified Personal Trainer through 

programs offered by CSEP. The battery of fitness tests measured anthropometry (waist 

circumference), cardiorespiratory fitness (step test), musculoskeletal fitness (grip strength, push-

ups, partial curls-ups, vertical jump), and flexibility (sit-and-reach test). The data record sheet for 

the fitness component is located in Appendix G. A Physical Activity Readiness Questionnaire 

(PAR-Q; CSEP, 2014a; Appendix H) was completed by parents prior to children participating in 
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the physical fitness tests. Also, participants were pre-screened using a heart rate measure. 

Resting heart rate less than 100 beats per minute was used as the pre-screening cut off. If heart 

rate exceeded 100 beats per minute, participants were instructed to wait seated for five minutes 

before being re-tested. Only participants who meet the resting heart rate requirements on the first 

or second measures were allowed to proceed with the fitness testing. 

Anthropometric measure: Waist circumference was the anthropometric measure used. A 

non-stretch tape measure was used to assess waist girth to the nearest 0.1 cm at the top border of 

the iliac crest. Each participant’s waist circumference was measured twice, and if the two 

measures differed by more than 0.5 cm a third measure was taken. The final waist circumference 

value consists of an average of the two or three trials.  

Cardiovascular Fitness: Cardiovascular fitness was measured using the modified 

Canadian Aerobic Fitness Test (mCAFT). The mCAFT protocol involves stepping up and down 

two stairs to a set cadence. The cadence is played through an audio recording that increases in 

intensity as participant’s progress through the stages. Boys started the step test at stage four and 

girls started at a stage three. Participants progressed through the stages until they reached 85% of 

their predicted heart rate max (220-age; CSEP, 2003). Post exercise heart rate was measured 2, 3 

and 4 minutes after completion of the exercise. Predicted maximal aerobic power (VO2 max) was 

calculated for participants who reached 85% of their age-predicted maximal heart rate using the 

Weller Equation (Weller et al., 1995). This equation is typically used to predict VO2 max in 

adults, but has been used previously with children (Tremblay et al., 2010). 

Musculoskeletal Fitness: Musculoskeletal fitness was measured using grip strength, push-

ups, partial curl-ups, and vertical jump. Grip strength was used to measure overall muscular 

strength using a dynamometer. The participants were asked to stand upright with their arms 
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slightly raised to the sides and alternate squeezing the dynamometer in each hand twice, resting 

between each try. The output for each hand was recorded to the nearest 1.0 kilograms by the 

examiner. The highest outputs for each hand were summed to create a grip strength score.  

Push-ups measured upper body muscular endurance. Boys completed push-ups pivoting 

from the toes and girls pivoting from the knees. Participants were instructed to lay prone on a 

mat with their hands underneath their shoulders and palms on the ground. Pivoting from either 

the toes or knees, participants completed push-ups until failure. The participants had to fully 

straighten their arms at the top of the push-up and lower their body until their chin was near the 

mat, without their stomach touching the mat. If any push-ups were done improperly, the 

examiner would verbally correct the participants form. If done incorrectly a second time the 

child was told to stop the test. Incorrect repetitions did not count. The number of correct 

completed push-ups before failure was recorded.  

Partial curl-ups tested abdominal endurance. Participants were instructed to lay supine on 

a mat with their knees bent at ninety degrees and their arms resting palms down beside their 

body. Participants were to slide their hands forward on the mat 10 centimeters, as marked with 

tape, and move back to resting position. This was done to a set cadence of 50 beats per minute. 

The number of partial curls-ups done in one minute was recorded (maximum of 25 repetitions).  

Vertical jump was used to measure lower body power. To record standing reaching 

height, participants stood perpendicular to a wall with their feet flat on the floor and one arm 

extended up the wall. Next, the participant stood slightly away from the wall (with hands on the 

hips, elbow should almost be able to touch the wall). With no pre-jump, the participant was 

instructed to bend their knees, pause briefly, and jump as high as they could, touching the wall at 

the peak jump height. Peak jump height was tested three times, with a rest period of 15 seconds 
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between each attempt. The standing reaching height was subtracted from the best jump height 

and recorded as vertical jump height to the nearest 0.5 cm.  

Flexibility: The sit-and-reach test was used to measure hamstring and lower back 

flexibility. Before beginning this test, participants were instructed to stretch each leg twice for 20 

seconds using the modified hurdler stretch. A Flexometer was set up against a wall and 

participants were instructed to take off their shoes, sit on the floor with legs fully extended, and 

press their feet against the base of the Flexometer. With arms fully extended, hands over lapped 

with palms down, participants gently pushed the sliding marker forward as far as possible and 

paused for 2 seconds. This was done twice and the maximum reach between the two trials was 

recoded to the nearest 0.5 cm.   

Vertical jump, waist circumference, sit-and-reach, predicted VO₂ max and grip strength 

were expressed as sex-specific z-scores specific to this sample. The values for the push-up and 

partial curl-up test were not normally distributed and did not improve with transformation; 

therefore, participants were categorized into “high” and “low” fitness using the age and sex 

specific standards outlined for gold in the Canada Fitness Award Manual (1986). For example, a 

10 year old boy would meet the gold standard if they completed at least 20 push-ups or 30 partial 

curl-ups, whereas a 10 year old girl would meet the gold standard if they completed at least 19 

push-ups or 28 partial curl-ups (Canada Fitness Award Manual, 1986). 

Overall fitness: Predicted VO2 max, grip strength, vertical jump, waist circumference, 

and sit-and-reach z-scores were used to create two total fitness scores. “Fitness-complete” 

reflects the mean of the five fitness z-scores (predicted VO2 max, grip strength, vertical jump, 

waist circumference and sit-and-reach) for participants that have complete data for all five tests. 
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“Fitness-partial” reflects the mean of the fitness z-scores for participants who have complete data 

on at least three of the five fitness tests. 

3.3.4 Covariates 

Covariates included age (years), sex (girls, boys), household income, and body mass 

index (BMI) based on previous research in older children (Teran-Garcia, Rankinen, & Bouchard, 

2008; Cleland, Ball, Magnussen, Dwyer, & Venn, 2009). Household income was parent-

reported. The question included six response options ranging from <$20, 000 to >$100, 000 of 

annual income. For BMI, height was measured to the nearest 1.0 mm using a stadiometer and 

weight was measured to the nearest 0.1kg using a calibrated scale. BMI was expressed using the 

World Health Organizations age and sex specific z-scores for children (de Onis et al., 2007).  

3.3.5 Statistical Analysis 

All data analyses were conducted using IBM SPSS Statistics 23.0 software [IBM Corp., 

Armonk, NY]. To address objective 1, the means and standard deviations were calculated for the 

raw predicted VO₂ max, grip strength, vertical jump, sit-and-reach, and waist circumference 

values. Frequencies were calculated for the percentage of participants in the “high” and “low” 

fitness categories for both the push-up and partial curl-up fitness tests according to the Canada 

Fitness Award “gold standard” (Canada Fitness Award Manual, 1986). To address objective 2, 

linear regression analyses were used to examine the association between ST, subjective PA, and 

objective PA with predicted VO₂ max, grip strength, vertical jump, sit-and-reach, waist 

circumference, fitness-complete, and fitness-partial. Logistic regressions were used to examine 

associations between ST, subjective PA, and objective PA with partial curl-ups and push-ups. 

For all regression models, with the exception of waist circumference, model 1 controlled for age, 

sex and household income, and model 2 controlled for age, sex, household income and BMI. 
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Due to the high correlation between BMI and waist circumference, BMI was not adjusted for in 

the models that included waist circumference. To address objective 3, a moderation analysis was 

conducted for each association by including a sex × PA or sex × ST interaction term in the 

model. When statistically significant interaction terms were observed, sex-stratified analyses 

were conducted. Statistical significance was set at p<0.05. 

3.4 Results 

To maximize the data collected, those participants with complete data for each association 

examined were included in the analysis, resulting in a different total number of participants for 

each analysis. The amount of missingness was highest in the cardiovascular fitness test (56%) 

and second highest for the objective PA measure (30%). All other PA, ST, and fitness measures 

had <5% of missing values. The high number of missingness (n=350) in the cardiovascular 

fitness test was due to participants not reaching 85% of their predicted max heart rate, which is 

necessary for accurate predictions of VO₂ max in the CPAFLA protocol (2003). Reasons for not 

meeting the recommended heart rate ceiling included the children’s inability to maintain a set 

cadence or their choosing to stop the test early. For the objective PA measure, high missingness 

(n=193) was due to participants not returning the logbook or not wearing the step counter for a 

total of three days.   

Participant information, including fitness is presented in Table 1. The mean age of 

participants was 7.8 ± 0.6 years, and approximately half (52.4%) of participants were female. 

Total mean and standard deviation of PA was 12.6 ± 7.4 weekly hours when measured with a 

proxy-report, and 8645 ± 2759 daily steps when measured with a pedometer. Average weekly 

hours of ST was 13.9 ± 8.1. The mean scores for the fitness variables tested in the total sample 

were: 39.4 ± 2.3 ml∙(kg∙min
-1

) for predicted VO2 max, 30.8 ± 6.1 kg for grip strength, 20.4 ± 5.1 
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cm for vertical jump, 28.1 ± 6.6 cm for sit-and-reach, and 59.8 ± 6.0 cm for waist circumference. 

Only 20.5% and 7.9% of participants scored in the high push-ups and high partial curl-ups 

groups, respectively.  

Results for the linear regression models are presented in Tables 2 and 3. In the fully 

adjusted models (model 2), positive associations were observed between subjective PA and 

overall fitness for both the complete (β=0.009, 95% CI: 0.001, 0.017) and the partial (β=0.006, 

95% CI: 0.000, 0.011) fitness scores. Objective PA was also positively associated with the 

fitness-partial (β=0.025, 95%CI: 0.007, 0.042). There was a trend for a negative association 

between ST and the fitness-partial score (p=0.057; β=-0.005, 95% CI:-0.010, 0.000). No 

significant associations were observed between objective PA or ST and the fitness-complete 

score. 

For individual fitness measures in the fully adjusted models, subjective and objective PA 

were positively associated with vertical jump height (β=0.011, 95% CI: 0.000, 0.022 and 

β=0.043, 95% CI: 0.008, 0.078, respectively). No significant associations were observed for sit-

and-reach or waist circumference. 

Grip strength and predicted VO₂ max were moderated by sex; therefore, linear 

regressions for both of these fitness measures were stratified by sex (Table 3). In the fully 

adjusted model, subjective PA was positively associated with predicted VO₂ max (β=0.040, 95% 

CI: 0.018, 0.063) and grip strength (β=0.025, 95% CI: 0.011, 0.040) score in boys only. 

Similarly, boy’s objective PA was positively associated with predicted VO₂ max (β=0.084, 

95%CI: 0.012, 0.157). A negative association with ST and grip strength (β=-0.016, 95% CI: -

0.028, -0.004) was also observed in boys only. No significant associations were observed for PA 

or ST with predicted VO₂ max or grip strength in girls (Table 3). 
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Results for the logistic regression are presented in Table 4. In the fully adjusted model, 

children with higher objective PA were more likely to be in the high push-up group (OR=1.156 

95% CI: 1.054, 1.267). No significant associations were observed between subjective PA or ST 

and push-ups or partial curl-ups.  

3.5 Discussion 

This study examined associations between PA, ST and various fitness measures in a sample of 

children aged 6 to 10 years. Both objective and subjective PA measures were positively 

associated with overall fitness, vertical jump, and predicted VO₂ max (boys only). Subjective PA 

was also positively associated with grip strength (boys only), and objective PA was associated 

with increased likelihood of scoring “high” on the push-up test. Few associations were observed 

between ST and fitness, apart from grip strength in boys, where negative associations were 

observed. It is important to note that the size of effects for all associations were small.  

 For the most part, fitness testing protocol in the present study matches those used in a 

nationally representative sample of Canadian children and youth in 2007-2009 (Tremblay et al., 

2010). Compared to the 6- to10-year old children in Tremblay et al. (2010), the participants in 

our study had higher grip strength and sit-and-reach scores, and lower predicted VO₂ max 

scores. For example, fitness in the Tremblay et al paper was expressed for both boys and girls, 

respectively: grip strength (25kg and 23kg), sit-and-reach (24cm and 29cm), and VO2 max (56.3 

ml∙(kg∙min
-1

) and 50.7 ml∙(kg∙min
-1

); 2016). In our sample, the mean fitness scores for both boys 

and girls, respectively were: grip strength (32kg and 30kg), sit-and-reach (26cm and 31cm), and 

VO2 max (40.53 ml∙(kg∙min
-1

) and 38.6 ml∙(kg∙min
-1

)). Differences in demographic factors 

between samples may explain some of the differences in fitness between samples. For instance, 

higher socioeconomic status has been found to be associated with higher fitness scores (Cleland 
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et al., 2009), and the Edmonton region sample had a higher median income than reported in the 

2006 census data (Statistics Canada, 2010). While the socioeconomic differences may explain 

the higher sit-and-reach and grip strength scores in the present sample compared to the national 

sample, it does not explain the opposite finding for VO₂ max scores. In addition to 

socioeconomic differences, the national sample reported slightly higher BMI scores compared to 

the Edmonton region sample and only included predicted VO₂ max scores for 8- to 10-year-olds. 

Since the Weller equation (Weller, 1995) used to calculate predicted VO2 max includes both age 

and weight (i.e., predicted VO₂ max = 32 + 16(O2 cost of stepping in L/min) – 0.17(weight in 

kg) – 0.24(age in years)), one would expect that lower age and weight values would result in a 

higher average VO2 max score when compared to the national sample. However, it is unclear 

why this was not found in the present study. 

The association between objective PA and fitness in children 5 to 17 years of age across 

38 studies has recently been summarized in a systematic review on PA and health indicators 

(Poitras et al., 2016). Eighteen out of 29 observational studies, which were all cross-sectional, 

looked at total PA using both pedometers (n=4) and accelerometers (n=14) and all had 

associations between a cardiovascular fitness measure and total PA (Poitras et al., 2016). 

However, cardiovascular fitness findings in the nine included experimental studies were mixed 

(Poitras et al., 2016). In the present study, a significant association was observed between 

objective total PA and cardiovascular fitness in boys only, suggesting that sex may be an 

important effect modifier to include when examining this relationship in future research.  

Ten observational studies in the Poitras et al. (2016) review examined the association 

between PA and muscular strength, and the results were mixed. Similarly in the present study, 

some significant associations were observed between objective PA and vertical jump, push-ups 
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and fitness-partial scores but not for grip strength, sit and reach, or predicted VO2 max, but 

overall results were mixed. Of the 38 included studies in the Poitras et al. review, only six had a 

mean age similar to our study (8 years of age) and none of those included measures of muscular 

strength or muscular endurance. Therefore, including both cardiovascular and muscular fitness in 

the present sample of 6- to 10-year-olds provides novel insight into the similarities and 

differences between objectively measured PA and fitness in young children, compared to the 

associations seen in their older counterparts.   

While both capture PA, subjective measures and objective measures can potentially 

capture different types of movements or activities (i.e., upper body movements or water 

activities). Additionally, it is likely that the subjective measures in the present study captured 

time spent in organized activities that could be of higher intensity. Conversely, the objective step 

count measure would have captured all activity performed throughout the day, including lower 

intensity activities. These differences between measures could potentially explain the different 

associations observed between objective and subjective PA and fitness in the analysis. 

Specifically, subjective PA in the present study was positively associated with grip strength (in 

boys only) and vertical jump, which indicates that the types of activities captured by the PA 

questionnaire may be positively associated with muscular strength in young children. Upper and 

lower body strength (push-up test and vertical jump test, respectively) were also associated with 

the objective PA measures. Therefore, both measures of PA were able to capture the importance 

of PA on children’s upper and lower body muscular fitness in this sample of children.  

In addition to PA, the present study also examined ST as a correlate of fitness in children. 

Currently, two systematic reviews have looked at the relationship between sedentary behaviour 

and various health indicators, including fitness, in children and youth. A 2011 review (Tremblay 
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et al., 2011) included 15 studies that assessed fitness as a health indicator. More than two hours 

of ST per day was associated with lower predicted VO₂ max, cardiovascular fitness, or muscular 

strength in 10 of the 15 studies (Tremblay et al., 2011). However, only four of these studies 

assessed muscular strength or endurance, and only one study had a mean age younger than 8 

years of age (Tremblay et al., 2011). A five year update to the Tremblay et al. (2011) review that 

included 21 new studies found similar findings for total ST and TV viewing (Carson et al., 2016) 

However, computer and video game usage alone was not associated with any physical health 

indicators, such as fitness or body composition. Of the 15 studies that specifically examined the 

association between ST and fitness, only two had a sample with a mean age of less than 8 years 

(Ciesla et al., 2014; Drenowatz et al., 2014). The age differences could potentially explain 

inconsistent findings between the school-aged children reviews and the present study. It is 

possible that the effect of ST on fitness in young children may not present as strongly as it does 

with adolescents, and more time is needed before the amount of ST young children engage in has 

an effect on health-related fitness measures. However, given most of the observational evidence 

is based on cross-sectional data, future research using a longitudinal design is needed to better 

understand the relationships between ST and fitness over time, especially with a baseline sample 

of younger children. 

In line with systematic review evidence (Poitras et al., 2016), our findings suggest 

promoting regular PA in young children may help to address the declining fitness levels in 

children and youth. Because few studies have examined the relationship between PA, ST, and 

fitness in children under 10 years of age, future research is needed to confirm findings from the 

present study. For instance, understanding the age at which PA and ST begin to influence 

children’s fitness is crucial for determining the optimal time to intervene on the downward trend 
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in fitness. One potential reason explaining why limited fitness data are available in young 

children could be because of the paucity of fitness measures validated for this age group. Future 

research that provides standardized measures of physical fitness in young children will allow for 

better comparisons between studies. 

The main strengths of this study are the young age of the participants, the relatively large 

sample size of Canadian children, and the inclusion of muscular strength and endurance in the 

analyses. However, this study is not without limitations. Though the prediction of child VO₂ max 

is consistent with previous research (Tremblay et al., 2010), the equation has not been validated 

in children; therefore, the cardiovascular fitness results should be interpreted with caution. 

Additionally, the psychometric properties of the ST questionnaire are unknown; therefore, 

information bias may have been present. Furthermore, the cross-sectional design prevents us 

from making causal claims about the findings. Finally, the behaviour measures did not assess the 

entire movement behaviour pattern throughout the children’s day, including sedentary time, light 

PA and moderate-to-vigorous PA. It is possible that the intensity of PA may be more strongly 

associated with fitness than duration, which was not captured by our objective pedometer 

measure (Blair, Cheng, & Holder, 2001). 

3.6 Conclusion 

PA of young children in Edmonton was associated with overall fitness and some individual 

components of cardiovascular and muscular fitness. However, in contrast to studies in older 

children, the associations between ST and fitness measures were primarily null in this age group. 

Young children may be at an optimal age to target PA and ST behaviours to reverse the current 

declining fitness trends, but future research using longitudinal study designs is needed to confirm 

these observations. 
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Note: Data presented as mean (± standard deviation) or as percentage (%). 

Table 1. Participant information and descriptive statistics of a sample of Edmonton children. 

Variables Girls Boys Total 

Gender (%)         

     Male 

  

- - 47.6 

     Female 

  

- - 52.4 

 
  

  
N=649 

      Age (years) 

 

7.8(±0.6) 7.8(±0.6) 7.8(±0.6) 

BMI (%) 

      Non-overweight 

      Overweight/Obese                                                     

 

       78.6 

21.8 

77.6 

22.4 

78.1 

21.9 

 
  

  
n=628 

Household Income (%) 

 
   

     <$20,000 

 

1.3 2.1 1.7 

     $20-39,999 

 

1.3 2.1 1.7 

     $40-59,999 

 

7.9 5 6.5 

     $60-79,999 

 

12.7 9.6 11.2 

     $80-99,999 

 

19 22.5 20.6 

     >$100, 000 

 

57.9 58.6 58.2 

 
  

  
n= 596 

      Physical Activity (hours/week) 12.6(±7.6) 12.6(±7.0) 12.6(±7.4) 

 
  

  
n=631 

      Physical Activity (steps/day) 8171.7(2641.2) 9185.1(2796.1) 8645.1(±2758.5) 

 
  

  
n=456 

      Screen Time (hours/week) 12.4(±7.2) 15.6(±8.7) 13.9(±8.1) 

 
  

  
n=630 

Fitness Scores 

 
   

     VO₂ max (ml∙(kg∙min)⁻¹; n=285) 38.6(±2.1) 40.5(±2.1) 39.4(±2.3) 

     Grip strength (kg; n=639) 29.7(±5.6) 32.1(±6.3) 30.8(±6.1) 

     Vertical Jump (cm; n=641) 20.1(±5.0) 20.7(±5.1) 20.4(±5.1) 

     Sit-and-Reach (cm; n=641) 30.7±6.3) 26.4(±6.2) 28.7(±6.6) 

     Waist Circumference (cm; 

n=642) 
60.0(±6.2) 60.0(±6.2) 59.8(±6.0) 

     Push-ups (%; n=639) 
   

          High  

 

28.7 11.5 20.5 

          Low  

 

71.3 88.5 79.5 

     Partial Curl-ups (%; n=636) 
   

          High 

 

6.9 8.9 7.9 

          Low  

 

93.1 91.1 92.1 
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Table 2. Associations between vertical jump, sit-and-reach, waist circumference, and fitness scores (complete and partial) with objective 

physical activity (steps/day/1000), subjective physical activity (hours/week) and screen time (hours/week) in children. 

 
Vertical jump  Sit-and-reach Waist circumference Fitness-complete Fitness-partial 

 
β (95% CI)  β (95% CI)  β (95% CI) β (95% CI) β (95% CI) 

Objective PA           

Model 1 0.045(0.010, 0.079)* 0.001(-0.034, 0.036) -0.019(-0.054, 0.016) -0.006(-0.035, 0.023) 0.014(-0.007, 0.034) 

Model 2 0.043(0.008, 0.078)* 0.001(-0.034, 0.037) N/A 0.005(-0.021, 0.030) 0.025(0.007, 0.042)* 

       N 455 455 456 200 456 

Subjective PA 

    
 

Model 1 0.011(0.000, 0.022)* 0.000(-0.011, 0.011) -0.001(-0.082, 0.060) 0.009(0.000, 0.018)ᶧ 0.006(0.000, 0.012)ᶧ 

Model 2 0.011(0.000, 0.022)* 0.000(-0.011, 0.011) N/A 0.009(0.001, 0.017)* 0.006(0.000, 0.011)* 

       N 624 624 625 271 625 

Subjective ST 

    
 

Model 1 -0.004(-0.014, 0.006) -0.005(-0.015, 0.005) 0.007(-0.004, 0.017) -0.005(-0.013, 0.004) -0.003(-0.009, 0.003) 

Model 2 -0.003(-0.014, 0.007) -0.005(-0.015, 0.005) N/A -0.007(-0.014, 0.001) -0.005(-0.010, 0.000)ᶧ 

       N  641 641 642 283 642 

 
    

 

Note: Fitness-complete includes participants with complete data for vertical jump, sit-and-reach, VO₂ max, grip strength, and waist 

circumference. Fitness-partial includes participants with complete data for at least three components of fitness-complete. Model 1 is adjusted for 

age, sex, and household income. Model 2 is adjusted for age, sex, household income and BMI.   

* significant at p < 0.05  
┼ 
significant at p < 0.07 
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Table 3. Sex specific grip strength and predicted VO₂ max scores and objective (steps/day/1000) and subjective 

(hours/week) physical activity and screen time (hours/week). 

 
VO₂ max (boys) Grip strength (boys) VO₂ max (girls) Grip strength (girls) 

 
     β (95% CI)      β (95% CI)      β (95% CI)      β (95% CI) 

Objective PA         

Model 1 0.065(-0.016, 0.147) 0.022(-0.028, 0.072) 0.015(-0.053, 0.083) 0.023(-0.025, 0.071) 

Model 2 0.084(0.012, 0.157)* 0.039(-0.006, 0.084) 0.028(-0.036, 0.092) 0.035(-0.010, 0.080) 

      N 78 221 124 242 

Subjective PA 

   
 

Model 1 0.040(0.015, 0.066)* 0.025(0.009, 0.041)* 0.010(-0.010, 0.031) 0.003(-0.011, 0.017) 

Model 2 0.040(0.018, 0.063)* 0.025(, 0.011, 0.040)* 0.010(-0.009, 0.030) 0.003(-0.010, 0.016) 

      N 115 294 158 328 

Subjective ST 

   
 

Model 1 0.002(-0.020, 0.024) -0.016(-0.029, -0.002)* -0.002(-0.025, 0.021) 0.000(-0.015, 0.016) 

Model 2 0.001(-0.018, 0.021) -0.016(-0.028, -0.004)* -0.007(-0.029, 0.014) -0.004(-0.019, 0.010) 

      N 120 303 165 336 

     

Note: Model 1 is adjusted for age and household income. Model 2 is adjusted for age, household income and BMI. 

* significant at p < 0.05 
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       Table 4. Objective (steps/day/1000) and subjective (hours/week) physical activity, screen time (hours/week) and predicting a high push-up or 

partial curl-up score (gold-standard score with the Canada Fitness Award).  

 
Push-up Partial curl-up 

 
OR (95% CI) OR (95% CI) 

Objective PA     

     Model 1 1.165(1.064, 10227)* 0.863(0.735, 1.012) ᶧ 

     Model 2 1.156(1.054, 1.267)* 0.860(0.735, 1.010) ᶧ 

     N 420 420 

Subjective PA 

 
 

     Model 1 1.017(0.989, 1.045) 1.029(0.990, 1.070) 

     Model 2 1.019(0.992, 1.048) 1.029(0.988, 1.070) 

     N 578 575 

Subjective ST 

 
 

     Model 1 1.006(0.979, 1.033) 1.020(0.984, 1.058) 

     Model 2 1.006(0.979, 1.034) 1.020(0.984, 1.058) 

     N 593 590 

   

Note: Model 1 is adjusted for age, sex and household income. Model 2 is adjusted for age, sex, household income and BMI.  

* significant at p < 0.05; ᶧ significant at p < 0.07. 
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Chapter 4: Manuscript 2 

Behaviour tracking and three-year longitudinal associations between physical activity, screen 

time, and fitness among children living in Edmonton, Canada 

 

 

 

This manuscript will be submitted to Journal of Physical Activity and Health and is presented 

according to the journal requirements.  
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4.1 Abstract 

Background: Understanding the correlates of children’s fitness as children develop is needed. 

The objectives of this study were to: (1) examine the longitudinal associations between physical 

activity (PA), screen time (ST), and fitness; (2) determine if sex moderates associations; and (3) 

track PA and ST over three years. 

Methods: Findings are based on 649 children (baseline: 4.5 ± 0.5 years; follow-up: 7.8 ± 0.6 

years) from Edmonton, Canada. Parental-reported hour/week of PA and ST were measured at 

baseline and at a three-year follow up. Fitness (vertical jump, sit-and-reach, waist circumference, 

grip strength, predicted VO₂ max, push-ups, and partial curl-ups) was measured using 

established protocols at follow-up. Sex-specific z-scores or low/high fitness groups were 

calculated. Linear or logistic multiple regression models and spearman correlations were 

conducted.  

Results: Baseline ST was negatively associated with follow-up grip strength (β=-0.010, 95% CI: 

-0.019, -0.001) and follow-up overall fitness (β=-0.009, 95% CI: -0.016, -0.002). Associations 

between baseline PA and follow-up VO₂ max (β=0.014, 95% CI: 0.000, 0.027) and overall 

fitness (β=0.007, 95% CI: 0.000, 0.014) approached significance (p=0.05). No sex-interactions 

were observed. Moderate and large tracking were observed for PA (rs=0.30) and ST (rs=0.53), 

respectively. 

Conclusions: PA and ST may be important modifiable correlates of overall fitness in young 

children.  
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4.2 Introduction 

Improved or high levels of physical fitness in children have been associated with a wealth of 

positive outcomes. For example, high or improved cardiovascular and muscular fitness are associated 

with lower total and central adiposity and a lower cardiovascular disease risk factor score (Smith et al., 

2014; Ortega et al., 2008). Cardiovascular fitness is also associated with reduced depression, anxiety, and 

stress; whereas, muscular fitness is associated with better bone health (Smith et al., 2014; Ortega et al., 

2008; Janssen & Leblanc, 2010). Despite these known health implications, children’s fitness levels 

have declined significantly over the past two decades in Canada and internationally (Tremblay et 

al., 2010; Tomkinson, Leger, Olds, & Cazorla, 2003). For example, in 2007-2009, a typical 12-

year-old boy’s grip strength score was 5 kg less than the score of a typical boy the same age in 

1981 (Tremblay et al., 2010). This same trend occurred in girls (Tremblay et al., 2010). 

Understanding why fitness levels are declining in children is critical for informing future 

interventions. 

Evidence suggests that PA and sedentary behaviour, in particular ST, are important 

correlates of fitness in children and youth (Poitras et al., 2016; Carson et al. 2016). However, 

much of the evidence examining the association between PA, ST, and fitness in children and 

youth are cross-sectional in nature, limiting the ability to make conclusions about causality 

(Poitras et al., 2016; Carson et al., 2016). For instance, a recent systematic review on PA and 

health indicators in this age group (Poitras et al., 2016) only found one longitudinal study that 

included fitness (Carson et al., 2014). This study examined different PA intensities in relation to 

cardiovascular fitness, and concluded that there was a positive dose-response trend for vigorous 

PA at baseline and cardiovascular fitness two years later (Carson et al., 2014). Similarly, recent 

reviews on sedentary behaviour and health indicators in children and youth (Tremblay et al., 
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2011; Carson et al., 2016) found only three longitudinal studies that included fitness (Aires et al., 

2010; Aggio et al., 2012; Mitchell et al., 2012). Screen time was associated with low 

cardiorespiratory fitness in all three of these studies (Carson et al., 2016). However, only one of 

the longitudinal studies in either the PA or sedentary behaviour review examined 

musculoskeletal fitness (Aires et al., 2011). 

Another gap in the current literature regarding the relationship between PA, ST, and 

fitness is few studies have focused on younger children under the age of 10. For instance, of the 

four longitudinal studies included in the Carson et al. (2016) and Poitras et al. (2016) reviews, 

the mean ages of the children ranged from 10 to 12.2 years at baseline. Understanding the 

longitudinal relationship between PA, ST, and fitness of younger children will help determine 

the critical age to intervene to improve the health of children. Additionally, longitudinal evidence 

can provide insight on how these behaviours track over time. When examining these associations 

it is important to explore potential sex-interactions, as research suggests that the association 

between PA and health outcomes may differ for boys and girls aged 5 to 17 years (Janssen & 

LeBlanc, 2010). Therefore, the objectives of this paper were to: (1) examine the longitudinal 

associations between PA, ST, and fitness; (2) examine if sex moderates the longitudinal 

associations between PA, ST, and fitness; and (3) track PA and ST over a three-year period in a 

sample of young children. 

4.3 Methods 

4.3.1 Participants 

Participants were part of the Spatial Health Assessment of Physical Environments (SHAPEs) and 

the SHAPEs of Things to Come longitudinal follow-up study. Children aged 4 to 5 years and 

their parents were recruited while visiting a Capital Health Center in Edmonton, Alberta, Canada 
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for a preschool immunization appointment in 2005-2007. Though not mandatory in the province 

of Alberta, 74% of children in the Edmonton health region received an immunization for 

Diphtheria, Tetanus, Pertussis and Polio (DTap-IPV) before entering grade one in 2004 

(Edwards et al., 2008). Therefore, these centers provided access to a large representative sample 

of children from this region. Of the 2,114 children who participated in the baseline study, 1,337 

(63%) agreed to be contacted regarding future research. A total of 649 (49%) children 6 to 10 

years participated in the follow-up data collection three years later. Children who participated in 

the follow-up study had lower baseline BMI z-scores (mean difference = 0.15) and lower 

baseline parent reported ST (mean difference = 48 minutes/week) compared to children lost to 

follow-up. Furthermore, a higher percentage of girls (52.5% versus 46.5%) participated in the 

follow-up study compared to those children who did not participate. However, parent-reported 

baseline PA was not significantly different between children included in the follow-up study and 

those lost to follow-up. The University of Alberta’s Ethics Board (HREB) approved this study 

and all parents provided written informed consent at both time points. Children also provided 

informed verbal assent prior to fitness testing at follow-up. 

4.3.2 Procedures 

Families who scheduled immunizations through participating Capital Health Centers were 

contacted about the SHAPEs study. Those interested in the study were mailed an information 

letter, a consent form, and a brief questionnaire to bring to the child’s appointment. Extra copies 

of these forms were kept at the health centers. After receiving completed forms and 

questionnaires, families indicated if they were willing to be contacted in the future about a 

follow-up study. Approximately three years later, attempts were made to contact all those 

families by telephone. If contact was made and families were still interested, an information 
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letter, consent form, and questionnaire were mailed to families and an appointment was 

scheduled for fitness testing at the University of Alberta. During that visit all completed 

materials were collected and children completed the fitness components. Participating families 

received small tokens of appreciation valued at approximately $20 per family. A complete data 

collection protocol is in Appendix A. The information form and questionnaires are located in 

Appendices B, D, & F.  

4.3.3 Measures 

4.3.3.1 Exposure Variables 

Physical activity was assessed through a modified version of the Children’s Leisure Activities 

Study Survey (CLASS) questionnaire (Telford et al., 2004). There were nine questions on 

specific activities including, swimming (lessons and for fun), soccer, ballet/dance, gymnastics, 

skating, hockey, bike riding, gym activities, and active play (including at a playground). An 

open-ended item also allowed parents to record any other PA that was not listed. Parents reported 

both frequency and duration for each PA item for both weekdays and weekend days. The product 

of the minutes and frequency were summed across the activities and divided by 60 to create a 

total hours per week of PA variable. Values > 42 hours per week were considered as outliers and 

truncated to 42 hours (n=6). Previous research has reported substantial to almost perfect 

agreement (62% - 94%) for 2-week test-retest reliability of the CLASS questionnaire in a sample 

of children aged 5 to 6 years (Telford et al., 2004). 

Parents responded to three questions on different types of ST, including TV/video, play 

station/Nintendo/x-box/ game boy, and computer/internet/computer games. An open-ended 

question was also included to record any other type of ST that was not listed. The total amount of 

time spent in each activity on a typical weekday and weekend day was reported. Weekday and 
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weekend minutes of ST were summed and converted into hours per week by dividing by 60. 

Values > 42 hours per week were considered outliers and truncated to 42 hours (n=6). No 

psychometric properties are available for these questions. This measure has been in a previously 

published study (Carson, Spence, Cutumisu, & Cargill, 2010). 

4.3.3.2 Outcome Variables 

The Canadian Physical Activity, Fitness & Lifestyle Approach (CPAFLA; 2003) manual and 

fitness testing protocol was used to assess physical fitness at follow-up. At least one research 

assistant facilitating data collection was certified as a Personal Trainer through the Canadian 

Society for Exercise Physiology (CSEP). The battery of fitness tests measured anthropometry 

(waist circumference), cardiovascular fitness (step test), musculoskeletal fitness (grip strength, 

push-ups, partial curls-ups, vertical jump), and flexibility (sit-and-reach test), and all fitness test 

results were recorded (Appendix G). All participants were cleared for fitness testing by the 

Physical Activity Readiness Questionnaire (PAR-Q; Canadian Society for Exercise Physiology 

2014; Appendix H). Before beginning the fitness testing, participants’ resting heart rate had to be 

less than 100 beats per minute in order to proceed. If this was not met, participants were 

instructed to wait seated for five minutes before being re-tested. Participants who met the resting 

heart rate on the first or second measure were allowed to continue with testing. 

Waist circumference was the anthropometry measure used. The circumference at the top 

border of the participant’s iliac crest was measured twice to the nearest 0.1cm using a non-stretch 

measuring tape. If the initial two measures differed by 0.5 cm a third measure was taken. The 

final waist circumference value was an average of the two or three measures.  
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Cardiovascular fitness was measured using the modified Canadian Aerobic Fitness Test 

(mCAFT). This is a multi-stage step test where participants are encouraged to continue until they 

reach 85% of their predicted heart rate max (220-age; CPAFLA 2003). Predicted maximal 

aerobic power (VO2 max) was calculated for participants who reached 85% of their age-predicted 

maximal heart rate using the Weller Equation (Weller et al., 1995). This equation typically 

predicts VO2 max in adults, but has been used to predict children’s VO2 max in previous research 

(Tremblay et al., 2010). 

Musculoskeletal fitness was measured using grip strength, vertical jump, push-up, and 

partial curl-up tests. The grip strength value was calculated by combining the top right and left 

hand scores of two trials, rounded to the nearest 1.0 kg. The vertical jump value was calculated 

by subtracting participants’ standing reach height from the highest of three jump attempts, 

rounded to the nearest 0.5 cm. The push-up value was the number of push-ups until failure. For 

this test, boys pivoted from their toes and girls pivoted from their knees. The partial curl-up 

value was the number of completed partial curl-ups up to a maximum of 25. Partial curl-ups 

were done to a set cadence of 50 beats per minute. 

The sit-and-reach test was used to measure hamstring and lower back flexibility. The 

values reflect the farthest forward reach of two trails to the nearest 0.5 cm. 

 Vertical jump, waist circumference, sit-and-reach, predicted VO2 max, and grip strength 

were expressed as sample- and sex-specific z-scores. Since the push-up and partial curl-up scores 

had highly skewed distributions that were not improved by transformations they were 

categorized into high or low scores, determined by the age and sex specific “gold-standard” 

performance standards of the Canada Fitness Award (Canada Fitness Award Manual, 1986).  
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Two total fitness scores were created by averaging the z-score values. “Fitness-complete” 

represents the mean of the five fitness z-scores (predicted VO2 max, grip strength, vertical jump, 

waist circumference and sit-and-reach) for participants who had complete data for all five fitness 

tests. “Fitness-partial” represents the mean of the fitness z-scores for participants who had 

complete data on at least three of the five fitness tests. 

4.3.4 Covariates 

Covariates included follow-up age (years), sex (girls, boys), household income, and body mass 

index (BMI). These covariates were selected based on previous research examining the 

association between PA, ST, and fitness (Teran-Garcia, Rankinen, & Bouchard, 2008; Cleland, 

Ball, Magnussen, Dwyer, & Venn, 2009). Age, sex, and household income were measured in the 

follow-up parental questionnaire. Six possible household income response categories ranged 

from <$20, 000 to >$100, 000. BMI was measured using height (to the nearest 1.0 mm) and 

weight (to the nearest 0.1 kg), and transformed using the World Health Organizations age and 

sex specific z-scores for children (de Onis et al., 2007).  

4.3.5 Statistical Analysis 

IBM SPSS Statistics 23.0 software [IBM Corp., Armonk, NY] was used for all data analyses. To 

address objective 1, separate linear regression models were conducted to examine the 

relationship between PA and ST at baseline with the predicted VO2 max, grip strength, vertical 

jump, sit-and-reach, waist circumference, fitness-complete, and fitness-partial scores at the three-

year follow-up. Separate logistic regression models were conducted to examine the relationship 

between PA and ST at baseline with push-up and partial curl-up scores at the three-year follow-

up. Logistic regression models predicted the high push-up and the high partial curl-up groups, 

with the low groups being the referent category. Age, sex and household income were adjusted 
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for in model 1 for all analyses. Age, sex, household income, and BMI were adjusted for in model 

2 for all regression analyses, with the exception of the waist circumference models. Body mass 

index was not adjusted for in waist circumference models due to the high correlation between the 

two variables. To address objective 2, a sex × PA or sex × ST interaction term was included in 

each model to examine the moderating effect of sex. Finally, to address objective 3, PA and ST 

values were ranked at baseline and follow-up and spearman rank order correlations were 

conducted to assess PA and ST tracking. Correlation coefficients were defined as small (0.10 -

0.29), moderate (0.30-0.49), and large (≥ 0.50) based on previous research (Jones, Hinkley, 

Okely. & Salmon, 2013; Biddle, Pearson, Ross, & Braithwaite, 2010). Statistical significance 

was set at p<0.05. 

4.4 Results 

Participant information is presented in Table 1. It is important to note that all participants with 

complete data for each association were included in the analysis to maximize the data collected. 

The mean ages at baseline and follow-up were 4.5 ± 0.5 and 7.8 ± 0.6 years, respectively. 

Average PA was 12.0 ± 8.2 hours per week at baseline and 12.6 ± 7.4 hours per week at follow-

up. Baseline ST was 13.4 ± 8.1 hours per week and follow-up ST was 13.9 ± 8.1 hours per week.  

 Results from the linear regressions are presented in Table 2. Baseline ST was negatively 

associated with follow-up grip strength (β=-0.010, 95% CI: -0.019, -0.001) and follow-up overall 

fitness (fitness-complete; β=-0.009, 95% CI: -0.016, -0.002) in model 2. The associations 

between baseline PA and follow-up predicted VO2 max (β=0.014, 95% CI: 0.000, 0.027), and 

overall fitness (fitness-complete; β=0.007, 95% CI: 0.000, 0.014) approached significance 

(p=0.05). No other significant associations were observed between ST, PA, and fitness. 

Additionally, no significant sex-interactions were observed. The logistic regression results are 
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presented in Table 3. No significant associations were present between baseline PA or ST and 

follow-up push-up or partial curl-up tests. Furthermore, no sex interactions were observed. 

Three-year tracking of PA and ST is presented in Table 4. The Spearman correlations indicated 

moderate tracking for PA (rs=0.30, p=0.01) and large tracking for ST (rs=0.53, p=0.01) over the 

three-year period. 

4.5 Discussion 

The first two objectives of this study were to examine the three-year longitudinal associations 

between PA, ST, and fitness and potential sex moderating effects in a sample of young Canadian 

children. Baseline ST was only significantly associated with overall fitness scores (fitness-

complete) and grip strength three years later. Similar findings were observed for PA in regards to 

total fitness and VO2 max; however, associations were borderline non-significant. Overall, small 

effect sizes were observed. Additionally, no sex-interactions were observed. A third objective of 

this study was to determine if baseline ST and PA behaviours tracked over three years in this 

sample. A moderate tracking coefficient was observed for PA and a large tracking coefficient 

was observed for ST over this time period.  

Recent reviews (Tremblay et al., 2011; Carson et al., 2016) on sedentary behaviour and 

health indicators in children identified three longitudinal studies that examined the relationship 

between ST and fitness (musculoskeletal or cardiovascular; Aires et al., 2010; Aggio et al., 2012; 

Mitchell et al., 2012). While those three studies found significant associations between ST and 

cardiovascular fitness, ST did not predict cardiovascular fitness in the present study. Only one of 

the three studies also included a muscular fitness component (i.e., curl-ups, push-ups) and a total 

fitness component (Aires et al., 2010), and unlike the associations between muscular fitness (grip 

strength) and ST in the present study, Aires and others did not find any significant associations. 
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One of the major differences between the previous longitudinal studies and the current study is 

the age of participants; where previous studies report a mean baseline age of 11.5 years and older 

(Aires et al., 2010; Aggio et al., 2012; Mitchell et al., 2012), and the current study has an average 

baseline age of 4.5 years. It is possible that the relationship between ST and cardiovascular 

fitness in young children presents differently than seen in later childhood. The different measures 

used to predict cardiorespiratory fitness between the present study and previous ones may also 

explain the differences in findings. More specifically, the previous studies all used a maximal 20-

meter shuttle run test. Nevertheless, ST was predicted some fitness measures (i.e., grip strength 

and overall fitness) in this sample, suggesting that even at this young age ST may have important 

implications on fitness, in particular overall fitness. Given that so few studies have examined 

these relationships, especially in this young age group, future research is needed to confirm these 

findings.  

No significant associations were observed between baseline PA and follow-up fitness in 

the present study; however, associations with overall fitness and predicted VO2 max approached 

significance (p=0.05). A recent review only identified one study that longitudinally examined 

association between PA and fitness in children (Carson et al., 2014). This study objectively 

measured PA using accelerometers and assessed cardiorespiratory fitness, assessed via a shuttle 

run, as an outcome measure in children (mean age: 12.2 years). Findings indicate that light and 

moderate PA were not associated with fitness, but baseline vigorous PA had a positive dose-

response association with cardiorespiratory fitness two years later (Carson et al., 2014). The 

parental-report measure of PA in our study did not capture the intensity of PA; rather the 

frequency and duration. It is possible that the intensity of PA may be a stronger predictor of 

fitness (Carson et al., 2014) than the duration or frequency. Different findings between studies 



73 

 

could also be due to the different measures of cardiorespiratory fitness and PA, or the different 

sample ages. Given the lack of longitudinal evidence across children and youth age groups, more 

research is needed to clarify this association. 

Pre-pubescent sex difference between boys’ and girls’ fitness (Flanagan et al., 2015), PA 

(Metcalf et al., 2015), and ST (Public Health Ontario, 2015) have been reported previously; 

however, sex did not significantly modify the association between baseline PA, baseline ST, and 

fitness at follow-up in the present study. No study to our knowledge has examined these sex-

interactions in this age group. However, similar findings of no sex-interactions were observed for 

a sample of adolescents aged 12.5 to 17.5 years when examining the association between PA and 

fitness (Jimenez-Pavon et al., 2015). Therefore, based on current evidence, longitudinal 

associations between PA, ST, and fitness appear consistent across boys and girls. 

 The moderate tracking of PA and large tracking of ST observed in the present study over 

three years is consistent with previous research (Jones, Hinkley, Okely, & Salmon, 2013). A 

recent review synthesized studies examining the tracking of PA and ST during the transition 

period of early-childhood (< 5 years) to middle-childhood (6 to 11 years; Jones, Hinkley, Okely, 

& Salmon, 2013). Similar to the present study, the median tracking coefficient observed across 

studies was rs=0.36 (moderate tracking) for PA and rs=0.52 (large tracking) for ST (Jones, 

Hinkley, Okely, & Salmon, 2013). Furthermore, PA in childhood has also shown to track 

moderately into adulthood (Telama et al., 2005). Combined these findings support the 

importance of promoting healthy PA and ST behaviours in young children to set good habits for 

later childhood and even adulthood. This is especially important for ST, where tracking 

coefficients were larger than PA. 
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This study is not without limitations. Though the formula to predict VO2 max has been 

used in previous studies with children (Tremblay et al., 2010), it has not been validated in 

children; therefore, results should be interpreted with caution. Additionally, a large portion of 

participants did not reach the target heart rate zone during the cardiovascular fitness test 

primarily due to children’s inability to maintain a set cadence or children choosing to stop the 

test early. As a result this outcome had a smaller sample compared to other fitness measures. 

Also, fitness was measured at follow-up only; therefore the influence of children’s fitness levels 

at baseline on these relationships could not be examined. Furthermore, subjective measures of 

PA and ST were used, potentially resulting in a measurement error. Additionally, the ST measure 

has no known psychometric properties. However, both the ST and PA measured in this sample 

had similar tracking coefficients in total sample as the review by Jones and colleagues, 

suggesting that the ST and PA questionnaires may have similar psychometric properties to those 

used in previous research (2013). Lastly, the baseline SHAPEs study was not originally set up as 

a cohort study; therefore, not everyone at baseline agreed to participate in future research and 

contact was not maintained with participants between measurement periods to minimize loss to 

follow-up. Consequently, the loss to follow-up from the original SHAPEs study was large (68%), 

and significant baseline differences in BMI and ST were observed between those that 

participated at follow-up and those that did not. Strengths of this study include the three-year 

longitudinal design, the relatively large sample size, the young age of the participants, and the 

inclusion of cardiovascular, musculoskeletal, and flexibility fitness tests.  

4.6 Conclusion  

Unfortunately, the fitness levels of children are declining (Tremblay et al., 2010; Tomkinson, 

Leger, Olds, & Cazorla, 2003) and it is necessary to reverse this trend given the known health 
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benefits associated with improved fitness in children (Ortega et al., 2008). The amount of time 4- 

to 5-year-old children spent in ST and PA appeared to be important for overall fitness three years 

later; however, this relationship was less clear with PA and overall associations were small. 

Though few associations were seen with individual fitness measures, overall fitness may be a 

more important fitness measure because of the associated health benefits across the different 

components of fitness. Since childhood ST and PA values track to later in life, future public 

health initiatives should consider more targeted approaches to increase PA and decrease ST in 

young children to instil healthy behavioural patterns from a young age. Doing so may positively 

impact children’s overall fitness. 
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Table 1    Descriptive statistics at baseline and three-year follow-up 

   

baseline follow-up 

Age (years; M (SD))     4.5(±0.5) 7.8(±0.6) 

   

N=649 N=649 

Gender (%) 

  
 

      Male 

  

47.6 47.6 

     Female 

  

52.4 52.4 

   

N=649 N=649 

   
  

BMI (%) 

          Non-overweight 

      Overweight/obese 

 

  

78.2 

21.8 

n=639 

78.1 

21.9 

n=628 

Household Income (%) 

        <$20,000 

  

- 1.7 

     $20-39,999 

  

- 1.7 

     $40-59,999 

  

- 6.5 

     $60-79,999 

  

- 11.2 

     $80-99,999 

  

- 20.6 

     >$100, 000 

  

- 58.2 

    

n= 596 

     Physical Activity (hours/week) 

 

12.0(±8.2) 12.6(±7.4) 

   

n=641 n=631 

     Screen Time (hours/week) 

 

13.4(±8.1) 13.9(±8.1) 

   

n=644 n=630 

     Fitness Scores (M (SD)) 

  
 

      VO₂ max (ml∙(kg∙min)⁻¹; n=285) - 39.4(±2.3) 

     Grip strength (kg; n=639) 

 

- 30.8(±6.1) 

     Vertical Jump (cm; n=641) - 20.4(±5.1) 

     Sit and Reach (cm; n=641) - 28.7(±6.6) 

     Waist Circumference (cm; n=642) - 59.8(±6.0) 

     Push-ups (%; n=639) 

 
  

          High  

  

- 20.5 

          Low  

  

- 79.5 

     Partial Curl-ups (%; n=636) 

 
 

          High 

  

- 7.9 

          Low  

  

- 92.1 

Note. Fitness and household income were collected at follow-up only. BMI = body mass index 
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Table 2    Longitudinal association between follow up VO2 max, grip strength, vertical jump, sit and reach, waist circumference, and fitness scores (complete 

and partial) and baseline physical activity (hours/week) and baseline screen time (hours/week). 

  VO2 max Grip strength Vertical jump Sit and reach 
Waist 

circumference 
Fitness-complete Fitness-partial 

  β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) 

Physical Activity 

       Model 1 0.014(-0.001, 0.029)ᶧ 0.005(-0.005, 0.015) 0.003(-0.007, 0.013) 0.004(-0.006, 0.014) 0.004(-0.006, 0.014) 0.008(-0.001, 0.016) 0.004(-0.002, 0.010) 

Model 2 0.014(0.000, 0.027)ᶧ 0.004(-0.004, 0.013) 0.003(-0.007, 0.013) 0.004(-0.081, 0.080) N/A 0.007(0.000, 0.014)ᶧ 0.003(-0.002, 0.008) 

          n 281 633 635 635 636 280 636 

Screen Time 

   

    

          Model 1 -0.003(-0.018, 0.012)      -0.004(-0.013, 0.006)   0.000(-0.010, 0.010)     0.000(-0.010, 0.010) 0.007(-0.003, 0.018) -0.004(-0.013, 0.004) 0.002(-0.004, 0.007) 

   Model 2 -0.009(-0.023, 0.005) -0.010(-0.019, -0.001)* 0.001(-0.009, 0.011) 0.000(-0.010, 0.010) N/A -0.009(-0.016, -0.002)* -0.003(-0.008, 0.002) 

          n 283 637 638 638 639 281 639 

        Note. Fitness-complete includes participants with complete data for vertical jump, sit and reach, VO₂ max, grip strength, and waist circumference. Fitness-partial 

includes participants with complete data for at least 3 components of Fitness-complete. Model 1 is adjusted for follow-up age, sex, and household income. Model 2 is 

adjusted for follow-up age, sex, household income and BMI *p < 0.05 and ᶧp < 0.07 level. BMI = body mass index. Fitness variables are represented as sex-specific z-

scores. 
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Table 3     Longitudinal associations between high push-up or partial curl-up score at follow-up (Gold-

standard score of the Canada Fitness Award) and baseline physical activity (hours/week) and screen time 

(hours/week).  

  Push-up 

  OR (95% CI) 

Physical Activity 

     Model 1 1.008(0.982, 1.035) 

    Model 2 1.009(0.983, 1.036) 

    n 571 

Screen Time 
 

    Model 1 1.004(0.979, 01.030) 

    Model 2 1.006(0.980, 1.033) 

    n 573 

Note. Model 1 is adjusted for age, sex and household income. Model 2 is adjusted for age, sex, household income 

and BMI.  BMI = body mass index. Referent categories are the low push-up and low partial curl-up groups. 
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Table 4    Tracking of total physical activity (hours/week) and screen time (hours/week) in children over three 

years.  

  Change  Spearman Strength 

Physical Activity 0.68 ± 9.46 0.30 moderate 

Screen Time 0.51 ± 8.01 0.53 large 

Note.  Change is measured by subtracting the baseline score (hours/week) from the follow-up score (hours/week). 

Change (mean ± SD), p=0.01 
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Chapter 5: General Discussion and Conclusions 

5.1 Overview 

This thesis focused on physical activity (PA), screen time (ST), and cardiovascular, 

musculoskeletal, and flexibility fitness outcomes in young children in two analyses using data 

from the SHAPEs and SHAPEs of Things to Come studies. Three main objectives were 

addressed in each manuscript. In manuscript 1, the objectives were to (1) describe fitness levels 

in a sample of 6- to 10-year-old children; (2) examine the cross-sectional association between 

PA, ST, and fitness; and (3) examine if sex moderates the association between PA, ST, and 

fitness at the follow-up time point. In manuscript 2, the objectives were to (1) examine the 

longitudinal associations between baseline PA, baseline ST, and fitness at follow-up; (2) explore 

PA and ST tracking from baseline to the three-year follow-up; and (3) examine if sex moderates 

the associations between PA, ST, and fitness longitudinally. 

5.2 Summary of key findings 

This thesis provides evidence of the associations between PA, ST, and some fitness measures in 

an understudied group of young children. The key findings across both manuscripts are the 

associations between PA and ST with overall fitness scores. As improved overall fitness in this 

age group is necessary for maximal health benefits because an overall fitness score encompasses 

multiple components of fitness and their respective health benefits. Therefore, the measure of 

overall fitness might be more important than individual measures. Physical activity had 

significant and borderline non-significant associations with overall fitness in both the cross-

sectional and the longitudinal analyses. Screen time was associated with overall fitness 

longitudinally. Together, findings suggest that PA and ST may be important target behaviours 
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for improving overall fitness in this age group; however, it should be noted that the size of 

effects observed in both studies were small. 

5.3 Implications of key findings 

These findings have implications on future research and public health interventions and 

initiatives. Though manuscripts 1 and 2 provide some preliminary evidence of associations 

between PA, ST, and fitness in young children, future research is needed to confirm and build 

upon these findings. More specifically, future research should examine the role PA intensity 

plays in improving fitness, and whether different types and durations of sedentary behaviours 

(e.g., television viewing versus playing computer games) have different impacts on fitness. 

Finally, the development and use of fitness measures that are valid and reliable in young children 

could help advance the knowledge base in this area. 

 Currently, PA recommendations encourage MVPA for optimum health benefits for 

children (Janssen & LeBlanc, 2010; CSEP 2016). Research is beginning to explore the benefits 

of different PA intensities in association with improved fitness, typically measured with 

accelerometers (Poitras et al., 2016). For example, a Canadian study observed positive 

associations between accelerometer-measured baseline vigorous PA and predicted VO2 max 

scores two years later in 12 year old children, but this association was not present with moderate 

or light PA (Carson et al, 2014). Additionally, intervention studies have had mixed results when 

increasing MVPA in aims to improve children’s fitness (Poitras et al., 2016). Perhaps the 

distinction between moderate PA and vigorous PA has important implications in the PA and 

fitness associations in children. Unfortunately, the measures of PA used in this thesis did not 

allow for an examination of intensity. Furthermore, of the interventions studies mentioned in a 

recent review (Poitras et al., 2016), the majority used cardiovascular fitness as the sole fitness 
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outcome measure, and only one study included a muscular strength and a flexibility component 

(Verstaete et al., 2007). Future research that explores different intensities, in particular vigorous 

PA, across cardiovascular, muscular strength, and flexibility fitness measures is needed to further 

understand the relationship between PA and fitness in children. 

 The intensity principle for PA research does not apply to ST research; however, future ST 

research should consider classifying ST into different types and exploring those associations with 

cardiovascular, muscular strength, and flexibility fitness measures in children. Interestingly, a 

recent review found ST and TV to be harmful to nearly all aspects of health; whereas time spent 

playing computer/video games were not associated with any indicators of physical health, 

including fitness (Carson et al., 2016). Since then, one study has specifically explored the 

association between different types of ST with muscular strength in children (Edelson, Mathias, 

Fulgoni, & Karagounis, 2016). This research observed that television viewing was significantly 

and negatively associated with all measures of strength, where computer and video game use was 

only significantly and negatively associated with one measure of strength in 6- to 15-year-old 

children (Edelson, Mathias, Fulgoni, & Karagounis, 2016). The authors speculate that this 

finding may be due to the differences in posture and muscular tension when a child is passively 

watching a screen versus when the child is physically engaged in a screen activity (Edelson, 

Mathias, Fulgoni, & Karagounis, 2016). Though the SHAPEs studies collected information on 

different types of ST, it was beyond the scope of this thesis to examine them. Understanding if 

the type of ST has different impacts on fitness could help inform future interventions aimed at 

improving fitness through targeting specific types of ST for reduction. 

 In order to improve our understanding of PA, ST, and fitness associations among young 

children in future research, standard fitness measures that are valid and reliable in this age group 
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need to be determined. Currently, the lack of valid and reliable fitness measures for young 

children makes comparisons between studies challenging. Along with valid and reliable 

measures, fitness tests need to be feasible for different facilities to carry-out and feasible for 

young children to perform successfully. The FITNESSGRAM test battery is an example of a 

valid and reliable measure for youth widely used in the U.S.; however, this battery was not 

designed for children younger than third grade (Morrow, Martin, & Jackson, 2016). Currently, a 

test battery is being developed to address this gap in the literature in children 3 to 5 years of age 

(Cadenas-Sanchez et al., in press). The proposed PREFIT test battery includes a 20m shuttle run, 

4 x 10m agility shuttle run, and grip strength protocol that is both feasible and reliable in this age 

group; however, the standing long jump test proposed by PREFIT requires further adjustments 

before being used in this age group (Cadenas-Sanchez et al., in press). This work begins to 

address this major limitation in the literature and, if successful, can potentially lead to 

advancements in fitness research in young children, in particular those aged 3 to 5 years. 

Despite the need for future research, findings from this thesis do have important 

implications on public health interventions and initiatives. Fitness has been well established as a 

strong indicator of health in adults, delaying all-cause mortality and lowering rates of 

cardiovascular disease (Blair et al., 1989). More recently in children, cardiovascular and 

musculoskeletal benefits have also been associated with lower risk factors for cardiovascular 

disease (Ortega, Ruiz, Castillo, & Sjostrom, 2008). Considering both PA and ST may be 

important modifiable correlates of overall fitness in young children, healthy movement 

behaviour practices in this age group should be promoted. Developing these healthy practices in 

young children is particularly important because PA and ST track from early childhood onward 

(Yang, Telama, Viikari, & Raitakari, 2006; Biddle, Pearson, Ross, & Braithwaite, 2010; Jones, 
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Hinkley, Okely, & Salmon, 2013). Furthermore, regular PA and low amounts of ST are 

associated with a wide range of health benefits (Janssen & LeBlanc, 2010; Smith et al., 2014; 

Tremblay et al., 2011).  

5.4 Overall strengths of the thesis 

This thesis has some key strengths. First, it includes a relatively large sample of young children 

addressing a gap in the current literature. Similarly, the longitudinal analyses included in 

manuscript 2 addressed another important gap in the literature. Lastly, both manuscripts included 

musculoskeletal fitness, cardiovascular fitness, and flexibility fitness measures as well as a 

combined overall fitness score.  

5.5 Overall limitations of the thesis 

This thesis is not without limitations. First, although the fitness measures used in this thesis have 

been used with children previously (Tremblay et al., 2010), the test battery was not designed for 

people under 15 years of age. This may have contributed to the large amount of children who did 

not complete the cardiovascular fitness measures, reducing the sample size for some analyses. 

This work is also limited by the subjective measure of PA and ST in the longitudinal analyses 

(manuscript 2); though a pedometer measure was included as a PA measure in manuscript 1. 

Subjective measures could have resulted in a measurement error, and potentially contribute to the 

small effect sizes observed. Lastly, the loss to follow-up from the original SHAPEs study was 

large (68%), which could have resulted in selection bias. However, selection bias likely had a 

larger impact on the descriptive results and less of an impact on the associations between PA, 

ST, and fitness.  
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5.6 Summary of MSc Research Experience 

Valuable research experience was gained throughout the MSc program in preparing manuscript 1 

(chapter 3) and manuscript 2 (chapter 4), and by working as a research assistant on other projects 

in the Behavioural Epidemiology Laboratory. In terms of the manuscripts, experience was gained 

working with a large dataset, analyzing data, interpreting results, and writing and editing each 

manuscript. Focus was placed on reviewing past and current fitness testing measures used with 

children and exploring how to best use the fitness data collected within the SHAPEs study to 

accurately represent the fitness of this sample. Two posters were presented at the International 

Society for Behavioural Nutrition and Physical Activity conference in June, 2016. Additionally, 

both manuscripts are being prepared for submission to peer-reviewed journals. 

Outside of the thesis work, experience was gained as a recruitment coordinator and sole 

data collector for a large cohort study (COMPASS) in Alberta. This role involved coordinating 

participation and data collection with administrators at the school division and school level, 

managing and conducting data collection, tracking school participation, progress, and 

communication, and facilitating knowledge translation. Finally, additional experience was gained 

recruiting families for another cohort study (PREPS) within the Behavioral Epidemiology 

Laboratory. 

5.7 Conclusions 

As the fitness levels of children in Canada decline (Tremblay et al., 2010), the proportion of 

children who are able to benefit from the health-related benefits that are associated with fitness 

also declines (Ortega, Ruiz, Castillo, & Sjostrom, 2008; Adegboye et al., 2011). Historically, less 

focus is being placed on physical fitness in Canadian schools, as the last nationwide fitness 

initiative ended in 1992. In addition, few children are meeting the recommended PA and ST 
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provided by national guidelines designed specifically to optimize health outcomes, including 

fitness (ParticipACTION, 2016). This thesis explored PA and ST as correlates of fitness, and 

overall findings suggest that PA and ST may be important modifiable correlates to consider 

when addressing overall fitness in this young age group. This is further supported by the fact that 

PA and ST appear to track from early childhood to later childhood (Biddle, Pearson, Ross, & 

Braithwaite, 2010; Jones, Hinkley, Okely, & Salmon, 2013), where consistent associations with 

fitness have been observed (Carson et al., 2016; Poitras et al., 2016). Therefore, moving forward 

future research should build on these findings to help inform public health interventions that aim 

to instill healthy PA and ST habits in young children with an over-arching goal of obtaining the 

health benefits associated with high overall fitness.  
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Equipment Set Up: 

- Consent Forms &Par-Q’s 
- Heart Rate Monitor & Stethoscope 
- Stop Watch 
- Data Recording Sheet 

 

1. Consent 
- Ensure consent forms are filled out by caregiver prior to beginning. 
- Be prepared to answer questions the caregiver may have regarding 

the fitness testing. 
 

2. Par-Q 
- Ensure Par-Q has been filled out by the caregiver on behalf of the 

child. 
- Review the Par-Q: 

o If all 7 answers are  NO, then proceed with testing 
o If any of the answers are  YES, then refer to flow chart (Figure 1) 

 

3. Child Information 
- Correctly fill out Child ID, testing date, tester(s) 

o Date will be recorded as dd-MON-yyyy: ie. 18-AUG-2008. 

 

4. Resting Heart Rate 
- If proceeding with testing, assist the child in correctly placing the 

heart rate monitor: 
o Choose the best sized chest strap & attach strap around the child’s waist.  

Tighten as appropriate 
o Demonstrate where the strap should be placed, under the shirt (point to base of 

sternum) (Figure 2) 
o Wet the monitor just prior to positioning 
o Have child face wall & slide the strap into place 
o Turn on watch transceiver & check to see if monitor is in correct place 

 If assistance is needed to tighten strap or re-adjust positioning, ask 
permission to help.  If child seems reluctant, ask caregiver to assist 

o If heart rate monitor does not record after adjustments, please remove and take 
heart rate manually with a stethoscope (resting = 15 sec) 

- Once the heart rate monitor is positioned, the child should sit still for 5 
minutes.  Start timer.  During this time, the tester should make the 
child feel at ease through general conversation. 

Consent, Par-Q, Resting Heart Rate 
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- At 5 minutes, record resting heart rate on Data Recording Sheet. 
 Have child keep heart rate monitor on until all fitness is completed 
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Equipment Set Up: 

- Electronic Scale  
- Stadiometer (note: should be against a wall) 

- Gulick Tape Measure 
- Data Recording Sheet 

 

1. Height 
- Have child remove shoes. 
- Position child: 

o Stand tall 
o Spine in line with stadiometer, hands at side 
o Feet together, heels touching back surface of stadiometer 
o Chin positioned so top of head is parallel to floor 
o Instruct child to take a breathe in & position set square 

- Measure height on inhalation. 
o Have child bend knees & step away (remind to exhale) 
o Read & record the measure immediately to nearest 0.1cm 

- Repeat measure a 2nd time. 
o If > 0.5cm, take a 3rd measure.  Average the 2 closest measures. 

 

2. Weight 
- Have child continue with shoes off & remove any bulky clothing.  

Light gym wear is preferred (shorts & t-shirt). 
- Ensure scale is on & reads “0”. 
- Weigh child:  

o Have child stand very still in centre of scale until value is stable 
o Read & record the measure immediately to nearest 0.1kg 

- Repeat measure a 2nd time. 
o Have child step off & then back on to scale.  Measure. 
o If > 0.2 kg, take a 3rd measure.  Average the 2 closest measures.   

Height, Weight, Waist Circumference 
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3. Waist Circumference 
- Explain to child you need to place a marking on them (“tattoo”).  If 

child is wearing tighter pants, ask them to loosen / lower then pants 
below the hip bones. 

 Tighter waistbands will increase the measurement site.   

- Iliac Crest Site 
o On the right side of child, palpate the top of the iliac crest along the midaxillary 

line. (see Figure 3)  Make a horizontal mark at site 
o Have the child hold on to the end of the tape measure & “spin in a circle”.  This 

will wrap the tape measure around the child unobtrusively 
o Position tape measure at measurement site.  Ensure tape is horizontal 
o Child stand tall, looks forward, arms relaxed at side 
o Ensure proper tension in tape measure.  Read measure at end of an exhalation.  

Record immediately to nearest 0.1cm 
o Repeat measure a 2nd time 

 If > 0.5cm, take a 3rd measure.  Average the 2 closest 

- Narrowest Site 
o Have the child hold on to the end of the tape measure & “spin in a circle”.  This 

will wrap the tape measure around the child unobtrusively 
o Position tape measure at the narrowest site between the bottom of the ribcage & 

top of the iliac crest.  (see Figure 4)  Ensure tape is horizontal 
o Child stand tall, looks forward, arms relaxed at side 
o Ensure proper tension in tape measure.  Read measure at end of an exhalation.  

Record immediately to nearest 0.1cm 
o Repeat measure a 2nd time 

 If > 0.5cm, take a 3rd measure.  Average the 2 closest 

 

 

Tips: 

 Bow clips may be helpful to keep the t-shirt out of the measurement site 
 Ensure arms are relaxed & child is looking ahead 
 Feel free to make general conversation to keep child at ease 
 Always ask for permission prior to marking or adjusting 
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Equipment Set Up: 

- Hand Grip Dynamometer 
- Mat, Counter & Metronome 
- Masking Tape & Ruler 
- Sit & Reach Device 
- Data Recording Sheet 

 

1. Grip Strength 
- Instruct child to put shoes back on. 
- Have child compare hand size with tester & set appropriate grip for 

child. 
 2nd joint of fingers can wrap around the handle 

- Set to “0”. 
- Instruct child: 

o Stand tall, holding dynamometer in RIGHT hand 
o Squeeze the handle as hard as possible while exhaling 
o Avoid touching the side of the body 

- Record score immediately to nearest 1.0 kg. 
- Re-set to “0” & test left hand. 
- Repeat measure a 2nd time for each hand. 
- Select highest score for each hand.  Combine two highest scores. 
 

2. Partial Curl Ups 
- Shoes remain on. 
- Position child on mat: 

o Knees bent to 90 
o Fingers in line with tape marker closest to head 
o Explain to child to curl up to touch the 2nd piece of tape (10 cm away) & return to 

start position = 1 repetition 
o Turn on metronome (50 bpm) & instruct child to stay with the tempo 

 Up for beat, Down for beat (rate of 25 / min) 
 Allow child one practice, provide feedback 

- Ensure counter reads “000”. 
- Begin test.  Count “1” for every full repetition.  Test ends when child: 

o Cannot keep with cadence 
o Cannot maintain technique over 2 repetitions (2 warnings) 
o Experiences undue discomfort 

Muscular Strength & Flexibility 
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- Record measure immediately. 
-  

3. Push Ups 
- Shoes remain on. 
- Position child on mat: 

o GIRLS: 
 Lie on stomach, legs together, feet stay on mat 
 Hands point forward under shoulders 
 Push up from mat, arms fully extended, while remaining on knees 
 Upper body remains straight 
 Return to start (chin touches mat) 

 Stomach nor thighs should touch the mat 

o BOYS: 
 Lie on stomach, legs together, feet stay on mat 
 Hands point forward under shoulders 
 Push up from mat, arms fully extended, while remaining on toes 
 Upper body remains straight 
 Return to start (chin touches mat) 

 Stomach nor thighs should touch the mat 

- Ensure counter reads “000”. 
- Begin test.  Count “1” for every full repetition.  Test ends when child: 

o Cannot maintain technique over 2 repetitions (2 warnings) 
o Experiences undue discomfort 

- Record measure immediately. 
 

4. Vertical Jump 
- Shoes remain on 
- Child positioned near wall, dominant side closest to wall. 

 Ask child what hand is used for writing 
o Place a rolled piece of tape on longest finger 

- Start position: 
o Knees bent, arms at side, shoulder close to wall 
o Cue child to use arms & jump as high as possible 
o Touch wall at top of jump, leaving tape 
o Allow one practice 

- Begin test.  Test 3 jumps.  Highest jump will be counted as best. 
o After the three jumps, identify the highest marker 
o Place tape on child’s finger, again, and have child stand directly under highest 

marker, reach up as high as possible with feet still on the ground while looking 
forward & place marker 

o Record each jumping height. 
o Record standing height. 
o Measure distance between standing height & highest jumping height to nearest 

0.5 cm 
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- Record measure immediately.  Highest jump is best score. 
-  

5. Sit & Reach 
- Shoes are removed. 
- Demonstrate appropriate stretches & have child perform them. 

(Figure 5) 
- Start position: 

o Aligned toes to markers for left & right foot 
o Middle fingers glued together, on top of ruler 
o Tester positions to side of child, one hand resting on knees to prevent knee bent 
o Child exhales and reaches as far along the ruler as possible & holds for 2 

seconds 
o Score is read at the nearest 0.5 cm 

- Two trials.  Record measures immediately.  Highest score is best 
score. 
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Equipment Set Up: 

- Heart Rate Monitor /or Stethoscope 
- CD Player & mCAFT Step Test CD 
- Step ( 2 x 20.3 cm height) 
- Stopwatch 
- Data Recording Sheet 

  

1. mCAFT Step Test 
- Instruct child to put shoes back on & that heart rate monitor is still 

reading. 
- Demonstrate, then have child practice stepping sequence. 

o Clap hands & call out “UP–2–3, DOWN–2–3” or  “STEP, STEP, UP, STEP, 
STEP, DOWN”. 

 It may help to step with child, at onset, to get coordination. 

- Determine starting stage: 
o BOYS = Stage 4  GIRLS = Stage 3 

- Review instructions: 
o Each time, child will step for 3 minutes, keeping with the music. 
o When the music stops, the child will stand still. 
o The tester will tell child when to start the next turn & when the turns are over. 

- Testing: 
o Pre-determine the ceiling post-exercise heart rate cut off for child (Figure 6) 

 = 85% of predicted maximum heart rate = (220 – age) x 0.85 
o Begin with the appropriate stage (see above). 
o Have the child start that stage.  Encourage tempo through clapping, calling out 

beats &/or walking alongside. 
 Throughout stage, ensure safety and correct child to ensure proper 

rhythm, upright posture, entire foot placement on step, and full knee 
extension on top step. 

o Immediately after the music stops (end of stage), check child’s heart rate.  If 
using manual read, listen with stethoscope & “START/STOP” with cue on CD. 
Refer to Figure 6 for conversions.  If using heart rate monitor, read on the word 
“START” on CD. 

 If < calculate heart rate cut-off, proceed to next stage when cued by CD. 
 If = or > than calculated heart rate cut-off, the test is complete. 

o Record heart rate for EACH stage.  Record what stage was the last stage 
completed.  

o Immediately following last stage, start stopwatch and: 
 Have child walk around for 2 minutes, then sit still for 3 minutes. 
 Record heart rate at 2 min, 3 min & 4 min 

- Post-testing: 

Aerobic Fitness 
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o Ensure child is fully recovered before they leave. 
o Retrieve heart rate monitor. 
o Thank child & parent.  Provide child with “loot bag”. 
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1. Equipment Clean Up 
- Following each test, the following equipment needs to be cleaned 

thoroughly with a disinfectant: 
o Stethoscope 
o Weigh Scale Platform 
o Stadiometer Head Rest 
o Tape Measure 
o Hand Grip Dynamometer 
o Mats 

- Heart rate monitors need to be washed with antibacterial soap & left 
to dry. 

- All equipment should be returned to the assigned storage container. 
 

2. Equipment Log Book 
- Broken / unusable equipment should be placed aside, marked as 

REPAIR & not used until it has been fixed or replaced. 
- Document all equipment issues in the equipment log book. 
- Do not use equipment that is in need or repair. 
- Ensure the research coordinator is aware of issues immediately. 
 

3. Data Recording Sheets 
- Following each test, ensure the data recording sheet is completed 

thoroughly: 
o Date of test 
o Child ID 
o Tester ID 
o All raw data & calculated data 
o All relevant notes or comments   

- Any missing data should be noted as to circumstances. 
- Data recording sheet should be returned with Par-Q to the research 

binder.  The research coordinator and GRAs will ensure data is 
entered & calculations are made. 

Post-Testing Procedures 
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Figure 1 

PAR-Q Flow Sheet 

 

1. Exclusion Criteria: 
- If tester is a CSEP – CPT or lesser certified,  

o an affirmative “ “ was made to ANY PAR-Q questions 1, 2, 3, 4, 5, 6 or 7 

 Do not test mCAFT 

 Use discretion for MSK  

 Note rationale on PAR-Q and initial. 

 Note rationale on testing sheet and initial. 

- If tester is a CSEP – CEP 
o an affirmative “ “ was made to PAR-Q questions 4, 5 or 7 

 Query family further & CEP may clear for mCAFT &/or MKS at 

discretion 

o an affirmative “ “ was made to PAR-Q questions 1 or 6 

 Query family further & CEP may clear for mCAFT &/or MKS at 

discretion 

o an affirmative “ “ was made to PAR-Q questions 2 or 3 

 Seek medical clearance and do not test mCAFT 

 Use discretion for MSK  

o Note rationale on PAR-Q and initial. 

o Note rationale on testing sheet and initial. 

 

- Mentally and physically impaired individuals that are unable to perform a 

given task 
o Every effort should be made to be inclusive of individuals with disabilities 

provided that all safety precautions are taken.  

o Note any exceptions of testing that was omitted & provide rationale. 

 

- Children who have the following should seek medical clearance before 

fitness testing: 
o have difficulty breathing at rest.  

o appear ill or complains of fever.  

o have a persistent cough.  

o have lower extremity swelling.  
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Figure 2 

Heart Rate Monitor Placement 

 Ensure the monitor (chest strap) is slightly wet on the side that will make contact with the 
chest.  The water will help in picking up the signal.   

 The centre of the monitor should be directly over the sternum, just above the xyphoid 
process.  Have the child hold it there while tightening the side straps.  The strap should 
be snug enough that is won’t slip out of place. 

o A knot may need to be tied if strap is too big 

 Within a minute, the receiver (watch strap) should pick up the heart rate & display as 
beats per minute.  If not, gently tap the receiver to the monitor to activate the signaling. 

 Some models will have other functions including time, ability to downloa. Please consult 
the manufacturer model for more detailed instructions relevant to the model. 

 If heart rate is not recording on watch, reposition & re-wetting.  If there is still no heart 
rate, please switch to use of a stethoscope.  

o Resting HR = 15 sec count  (multiply x 4 for bpm) 
o Activity HR = 10 sec count (multiply x 6 for bpm) 
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Figure 3  

Iliac Crest Landmark 
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Figure 4 

Narrowest Waist Landmark 
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Figure 5 

Stretches before Sit & Reach 
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Ceiling Post-Exercise Heart Rate Cut-Off 

(220 – Age) x 0.85 

Age 

(years) 

Heart Rate Cut-Off 

(bpm) 

5 183 

6 182 

7 181 

8 180 

9 179 

10 178 

11 178 

12 177 

13 176 
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10 sec Exercising Heart Rate Conversion 

10 sec 

count 

(# beats) 

Heart Rate 

(bpm) 

10 sec 

count 

(# beats) 

Heart Rate 

(bpm) 

10 60 23 138 

11 66 24 144 

12 72 25 150 

13 78 26 156 

14 84 27 162 

15 90 28 168 

16 96 29 174 

17 102 30 180 

18 108 31 186 

19 114 32 192 

20 120 33 198 

21 126 34 204 

22 132 35 210 
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Appendix B: Information Letter and Consent Form (Baseline) 
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Appendix C: Child Questionnaire (Baseline) 
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Appendix D: My Child Questionnaire (Follow-up) 
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Appendix E: 4 Day Physical Activity and Food Record (Follow-up) 
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Appendix F: My Neighborhood – A Questionnaire for Parents (Follow-up) 
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Appendix G: Fitness Testing Data Recording Sheet (Follow-up) 

 



164 

 

 

 



165 

 

Appendix H: Physical Activity Readiness Questionnaire (Follow-up) 
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