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ABSTRACT 

 

Emerging evidence has demonstrated the strong link between cardiorespiratory fitness 

and multiple aspects of health (i.e., physiological, physical, psychosocial, cognitive), independent 

of physical activity, among school-aged children and youth. Cardiorespiratory fitness is a trait 

that does not vary substantially from day-to-day, and provides an indication of recent physical 

activity levels, making it an important possible indicator of population health. Thus, the objective 

of this dissertation was to investigate the utility of cardiorespiratory fitness, measured using 

the 20 m shuttle run test, as a broad, holistic health indicator for population health 

surveillance among children and youth. To achieve this objective we completed seven 

manuscripts, all prepared for submission to peer-reviewed, scientific journals: 

1. Systematic review of the relationship between 20 m shuttle run performance and 

health indicators among children and youth. 

2. Review of criterion-referenced standards for cardiorespiratory fitness: What 

percentage of 1 142 026 international children and youth are apparently healthy? 

3. Cardiorespiratory fitness is associated with physical literacy among Canadian 

children aged 8 to 12 years. 

4. International variability in 20 m shuttle run performance in children and youth: Who 

are the fittest from a 50-country comparion? A systematic review with pooling of 

aggregate results. 

5. Making a case for cardiorespiratory fitness surveillance among children and youth. 

6. International normative 20 m shuttle run values from 1 142 026 children and youth 

representing 50 countries. 
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7. Temporal trends in the cardiorespiratory fitness of 965 264 children and youth 

representing 19 countries since 1981. 

Combined, this dissertation provides support for the importance of cardiorespiratory 

fitness for health surveillance among school-aged children and youth. Results from the 

international analysis highlighted the variability across countries, with countries in North-Central 

Europe and Africa having the highest cardiorespiratory fitness, and countries in South America 

having the lowest cardiorespiratory fitness. The results indicated that declines in cardiorespirtory 

fitness may have stabilized in recent years in some high- and middle-income countries. This 

dissertation also identified two methods (criterion- and normative-referenced standards) to 

interpret cardiorespirtory fitness levels among children and youth, methods that could be used to 

inform future consensus, surveillance, and cardiorespiratory fitness guidelines.  
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CHAPTER 1:  INTRODUCTION 

 

Worldwide, the average life expectancy at birth has increased by roughly 10 years 

to 71.8 years between 1980 and 2015,
1
 but this increase has not been matched by an 

equivalent increase in healthy life expectancy (i.e., life expectancy void of non-

communicable disease (NCD) and/or disability).2 This trend has caused a situation where 

people now live longer with NCDs and require costly treatments resulting in worldwide 

financial and economic strain. If this current trend persists there is a projected cumulative 

cost of $47 trillion in lost economic production and healthcare cost worldwide between 

2011 and 2030.3 Thus, there is a recognized need to implement cost-effective, 

population-based strategies to help prevent NCDs through effective policies and 

interventions that promote healthy active living. 

Childhood represents an important time to begin NCD prevention because vital 

risk factors that predict future NCDs could manifest during these years.4 Furthermore, 

recent research has identified unfavourable trends in many health-related behaviours and 

traits (e.g., physical activity (PA),
5,6

 cardiorespiratory fitness (CRF) levels,
7
 strength,8 

sedentary behaviours, and screen time
9
) among children and youth supporting the need 

for health promoting policies and interventions in these age groups. However, to 

implement effective NCD prevention strategies there is a need for a sustainable 

population health surveillance system to help quantify and monitor NCD risk and the 

associated determinants.
10

 Thus, the overall aim of this dissertation was to investigate the 

utility of CRF as a broad, holistic health indicator for population health surveillance 

among children and youth. 
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1.1 Dissertation Overview and Rationale 

This dissertation evaluated CRF as a population health indicator for NCD 

surveillance among children and youth. Throughout this dissertation population health 

surveillance is defined using the Centers for Disease Control and Prevention definition: 

“systematic, ongoing collection, management, analysis, and interpretation of data 

followed by the dissemination of these data to public health programs to stimulate 

[population] health action” (p. 3).
11

 The measurement of CRF throughout this dissertation 

is in the context of the 20 m shuttle run test (20mSRT) – a progressive, multistage 

endurance test where children are asked to run back-and-forth between two parallel lines, 

20 meters apart, following the pace of an audio recording.
12,13

 Chapter 2 provides a 

detailed description of this measure and related concepts. 

The underlying rationale and motivation for this dissertation lies in a profound 

interest in healthy public policy as a tool to take action on improving health. Population 

health surveillance provides two unique opportunities with respect to healthy public 

policy: 1) it provides a basis to guide policy efforts by identifying populations at greater 

risk; and 2) it provides a basis to monitor and evaluate the progress and impact of 

implemented policies.
14

 Current population health surveillance initiatives among children 

and youth have focused on behaviours that are associated with health outcomes. For 

example, PA levels among children and youth are a common indicator of population 

health,
15,15

 and by extension, as a means to guide healthy public policy and monitor its 

impact in improving health (i.e., PA levels). Therefore, this dissertation will begin by 

comparing PA and CRF measurement, and it will continue by further exploring the utility 
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of CRF as a potential population health surveillance indicator among school-aged 

children and youth.  

 

1.2 Conceptual Framework 

This dissertation was guided by two conceptual frameworks: a modified version 

of the Bouchard and Shephard’s health-related fitness model (primary)17 and Bauman 

and colleagues’ ecological model of the determinants of PA (secondary).18 Together, 

these models helped describe how the surveillance of health indicators may inform and 

guide population-based healthy public policies and intervention. The primary conceptual 

model by Bouchard and Shephard describes the inter-relationship between potential 

health indicators (i.e., PA, health-related fitness, and health), heredity, and other factors 

which includes the physical and social environment. The secondary conceptual model by 

Bauman and colleagues’ provides an in-depth description of the physical and social 

environmental, and how population health indicators might lead to the implementation of 

regional or national policies and interventions.  

 

 Health-related fitness model 1.2.1

Bouchard and Shephard conceptualized the relationships between health-related 

fitness, PA, health, heredity, and other factors in their health-related fitness model, which 

was modified for this dissertation (Figure 1.1).
17

 This modified model was the outcome 

of a 4-day consensus conference that included an international group of scientists with 

expertise in health-related fitness, physical activity, and health.
19

 Bouchard and 

Shephard’s modified model describes health-related fitness as a combination of physical 
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and physiological components that relate to the risk of developing diseases and/or 

comorbidities. Health-related fitness was divided into five assessment components: (a) 

morphological (body mass index, abdominal visceral fat, flexibility); (b) muscular 

(endurance, power, strength); (c) cardiorespiratory (i.e., CRF; oxygen transport, function 

of heart and lungs, blood pressure); (d) motor (agility, balance, coordination, speed); and 

(e) metabolic (glucose tolerance, lipid and lipoprotein metabolism, and choice of 

metabolic substrate).
17

 The modified model postulates that PA has a positive relationship 

with health-related fitness, although this relationship is weak to moderate in children and 

adolescents.
20

 Additionally, both PA and health-related fitness have an independent 

influence on health (well-being, morbidity and mortality).
21

 These relationships are 

mediated and/or moderated by heredity and other factors, which include lifestyle 

behaviours, personal attributes, physical and social environments. 

 

 

Figure 1.1 Modified version of Bouchard and Shephard’s health-related fitness model.17 

Reproduced with permission. 
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 Ecological model 1.2.2

Bauman and colleagues’ model suggests that environmental factors are present at 

the individual, interpersonal, environmental, regional/national and global levels, and that 

these nested environmental factors may influence behaviours differently across the life 

course (Figure 1.2).
18

 The model outlines environmental pathways that may influence PA 

levels, fitness and health at the individual level. For instance, effective healthy public 

policy at the regional and national levels could have an impact on our social and built 

environments, and in turn, this impact may influence interpersonal relationships and 

individual health through a top-down mechanism. Conversely, the surveillance of 

population health indicators (i.e., population CRF levels) provides data that can help 

identify the impact of implemented public policy and interventions aimed at improving 

health through a bottom-up mechanism. Additionally, surveillance indicators may help 

identify populations at risk of low health providing a way to promote equity and guide 

healthy public policies, interventions, and government investments.   
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Figure 1.2 Bauman and colleagues’ ecological model.18 Reproduced with permission. 

 

1.3 Research Objectives  

The purpose of this dissertation was to evaluate 20mSRT performances (i.e., 

CRF) as an important population health indicator, and the utility of the 20mSRT as a 

potential health surveillance instrument among children and youth. To achieve this 

purpose the following specific objectives were identified: 

1) Perform a systematic review of the literature to identify the associations between 

20mSRT and health markers among children and youth aged 5–17 years old; 

2) Determine a criterion-referenced minimum 20mSRT performance to achieve 

health benefits among children and youth aged 9–17 years old; 

3) Determine the association between cardiorespiratory fitness and components of 

physical literacy among Canadian children and youth aged 8–12 years old; 

4) Determine the international variability in 20mSRT performance across countries 

in children and youth aged 9–17 years old; 
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5) Identify strategies to help promote cardiorespiratory fitness and the 20mSRT as a 

population health surveillance indicator. 

 

1.4 Dissertation Organization and Outline 

This dissertation is organized in an article format following the University of 

Ottawa dissertation guidelines. A brief overview of each chapter is provided below:  

 Chapter 1 provides a brief introduction, overview, and justification of the 

dissertation topic.  

 Chapter 2 presents a brief literature review that compares and contrasts the 

measurement of PA and CRF for population health surveillance. 

 Chapter 3 is the first manuscript of this dissertation, entitled: Systematic review of 

the relationship between 20 m shuttle run performance and health markers in 

children and youth, submitted to the Journal of Science and Medicine in Sport. 

This manuscript is currently under peer-review. 

 Chapter 4 is the second manuscript of this dissertation, entitled: Review of 

criterion-referenced standards for cardiorespiratory fitness: What proportion of 1 

142 026 international children and youth are apparently healthy? This 

manuscript was accepted for publication with the British Journal of Sports 

Medicine.  

 Chapter 5 is the third manuscript of this dissertation, entitle: Cardiorespiratory 

fitness is associated with physical literacy among Canadian children aged 8 to 12 

years, submitted to BMC Public Health. This manuscript is currently under peer-

review. 
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 Chapter 6 is the fourth manuscript of this dissertation, entitled: International 

variability in 20 m shuttle run performance in children and youth: Who are the 

fittest from a 50-country comparison? A systematic literature review with pooling 

of aggregate results. This manuscript was published online on September 20
th

, 

2016 with the British Journal of Sports Medicine.  

 Chapter 7 is the fifth and final manuscript of this dissertation, entitled: Making a 

case for cardiorespiratory fitness surveillance among children and youth, 

submitted to Exercise and Sport Science Reviews. This manuscript is currently 

under peer-review as an invited ‘perspectives for progress’ manuscript. 

 Finally, Chapter 8 provides a general discussion, including the strengths, 

limitations, and future implications of the dissertation results. 

 Supplemental Manuscript 1 provides a related manuscript entitled: International 

normative 20 m shuttle run values from 1 142 026 children and youth 

representing 50 countries. This manuscript was published online on April 23
rd

, 

2016 with the British Journal of Sports Medicine. 

 Supplemental Manuscript 2 provides a second related manuscript entitled: 

Temporal trends in the cardiorespiratory fitness of 965,264 children and youth 

representing 19 countries since 1981, submitted to the British Journal of Sports 

Medicine. This manuscript is currently under peer-review.  
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CHAPTER 2:  REVIEW OF LITERATURE 

 

A strong population health surveillance indicator should demonstrate three main 

attributes. First, the indicator must have a robust and valid measurement instrument that 

can be applied with relative ease across a large population, while using minimal 

resources. Second, the indicator must not vary considerably from day-to-day, described 

as intra-individual variability. Third, the indicator must be substantially associated with 

health markers of interest. The following review will describe these attributes for 

physical activity (PA) and cardiorespiratory fitness (CRF) measurement instruments in an 

effort to compare their utility as a population surveillance indicator to identify variations 

in the health of school-aged children and youth. 

 

2.1 Measurement Instruments 

There are several field-based measurement instruments for CRF
19

 and PA2 as 

described below. This section will conclude by selecting the most suitable PA and CRF 

field-based measure for population-based assessment, followed by a description of the 

selected instruments’ validity. 

 

 Physical activity 2.1.1

There are several different measurement instruments that quantify PA such as 

self-report methods, pedometers, and accelerometers. Bauman et al provide a summary of 

several self-report instruments to estimate PA levels across populations.
17

 These self-
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report methods are effective at estimating global physical activity levels,
4
 but, like any 

self-report measure, they are subject to recall bias (particularly apparent among children 

and youth),5 measurement error, and the instruments themselves often lack reliability and 

validity.6 

A pedometer is a device that attaches to the hip and measures the number of steps 

taken per day. Although pedometers are relatively inexpensive, they do not capture vital 

information regarding the type, frequency, duration, and intensity of PA.7 However, new 

pedometers can estimate moderate-to-vigorous PA through step frequency.8 

Accelerometers, also a device that attaches to the hip, ankle or wrist, solve many 

of the limitations associated with pedometers. Accelerometers are able to capture data on 

the frequency, duration, and intensity of PA;9 however, these devices are expensive and 

have limitations that relate to reliability,10 insensitivity to certain activities,11 participant 

compliance,
9,12

 and comparability across studies.9 However, accelerometers are 

constantly improving, and thus, are becoming a common tool to assess PA in large 

groups of children and youth.13 For this reason, accelerometers are the choice PA 

measurement for this chapter. 

 

  Validity of accelerometers 2.1.1.1

Validity can be described as the extent to which an accelerometer measures the 

true PA patterns of an individual.14 The validity of accelerometers are derived from 

several components: accelerometer model, epoch length, cut-points, treatment of non-

wear time, definition of a valid day, and requirements for minimum number of valid wear 

days.15 Currently, the regular application of five (Freedson,16 Puyau,
17

 Treuth,18 
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Mattocks,19 and Evenson20) ActiGraph prediction equations to estimate cut-points for 

PA intensity levels and sedentary time represent the largest threat to the validity of 

accelerometers — described as the ‘cut point conundrum’.
21,22

 This conundrum plays a 

significant role in hindering research efforts to understand PA behaviours among children 

and youth. There is a need to arrive at consensus on the most valid approach to estimate 

PA using accelerometers in order to help compare PA levels across studies and 

populations.
21

  

 

 Cardiorespiratory fitness 2.1.2

CRF is defined as maximal aerobic power (𝑉̇O2peak)23 - “the greatest rate at which 

a person is able to consume oxygen during sustained, exhaustive exercise” (18, p. 113).19 

The gold standard measurement for 𝑉̇O2peak is a laboratory-based, maximal, graded 

treadmill or cycle ergometer exercise test.23 Although the gold standard provides the 

most valid measurement of CRF, it is expensive and not feasible for assessing large 

groups of children. Instead, field-based measurements that demonstrate acceptable 

validity against the gold standard represent an attractive alternative for population-based 

assessment.
24

  

There are three general categories of CRF field-based measurements: (a) distance 

runs, (b) timed runs, and (c) endurance shuttle runs. Together, distance and timed runs 

provide an accurate measurement of CRF when the distance is greater than 1600 m or 

longer than 9 minutes.25 Children also tend to improve their distance and timed runs up 

until the age of 15 years for boys and 13 years for girls, which may be related to the 

fractional utilization of oxygen (the fraction of 𝑉̇O2peak that can be sustained for any 



 

14 

 

given length of time), mechanical efficiency, 𝑉̇O2peak kinetics and anaerobic capacity 

(relatively more important for shorter distance runs), as well as affective (motivation) and 

cognitive (pacing) factors.
24

 Additional limitations associated with distance and timed run 

performance include methodological factors such as the practice effect, weather 

conditions, ground conditions, running course standardization, footwear/clothing, and the 

test name (e.g., a run test vs. a run/walk test).24  

The endurance shuttle run, first described in 1982 by Léger and Lambert,12 

comprised 20 m shuttles (or laps) with 2-minute stages, where participants completed as 

many stages as possible in a standardized, progressive format. However, since 1982 the 

stage length was reduced from 2-minutes to 1-minute, and 3 different 20m shuttle run test 

(20mSRT) versions have emerged in the literature (see Table 1). The Léger 20mSRT is 

the most widely used, international protocol. The Eurofit protocol is common across 

Europe and Oceania, and results derived are comparable to the Léger protocol as the only 

difference between protocols is the initial running speed (Stage 1). The use of protocol 3 

(Queen’s University of Belfast; QUB) is rare and results are difficult to compare with 

other protocols because the running speed is 0.5 km/h slower across all stages.  
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Table 2.1 Running speed (km/h) and number of laps for each stage of the 20mSRT 

according to the three major protocol variants. Published with permission from 

Tomkinson et al.33 

Stage no.
a
 Protocol 1 (Léger et al.)11 Protocol 2 (Eurofit et al.)

28-

31
 

Protocol 3 (QUB)32 

speed (km/h) no. of laps speed (km/h) no. of laps
b
 speed (km/h) no. of laps 

1 8.5 7 8.0 7 8.0 7 

2 9.0 8 9.0 8 8.5 7 

3 9.5 8 9.5 8 9.0 8 

4 10.0 8 10.0 8 9.5 8 

5 10.5 9 10.5 9 10.0 8 

6 11.0 9 11.0 9 10.5 9 

7 11.5 10 11.5 10 11.0 9 

a 
The first stage is sometimes called ‘Stage 1’ (if ‘Stage 1’ is called at the start of the stage), and sometimes 

‘Stage 0’ (if ‘Stage 1’ is called at the end of the first stage). 

b 
In some versions of Protocol 2 (e.g., the Eurofit, Australian Coaching Council) the number of laps per 

stage varies in places. 

QUB = Queens University of Belfast. 

 

In comparison with timed and distance runs, the 20mSRT provides several 

benefits. The progressive testing format of all 20mSRT protocols provide standardized 

pacing, eliminating the cognitive pacing component associated with timed and distance 

runs. These assessments also allow for indoor testing, solving the limitations of running 

course standardization and climate. Children also experience an age-related improvement 

in 20mSRT performance,33 which is similar, but more gradual than the age-related 

improvements reported for distance runs.
24,33

 For these reasons, among others, there 

exists a general consensus that the 20mSRT is the preferred field-based measure of CRF 

among school-aged children and youth.
33–34

 Thus, the 20mSRT is the choice 

measurement of CRF for this chapter. 
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  Validity of the 20m shuttle run test 2.1.2.1

To determine if the 20mSRT is a ‘good’ estimate of CRF among children and 

youth Mayorga-Vega et al performed a meta-analysis of 57 studies that reported on the 

criterion-related validity of the 20mSRT.36 The meta-analysis results indicated that the 

Léger protocol had a greater average criterion-related validity coefficient when compared 

to the Eurofit and QUB protocols, suggesting that the use of protocols other than the 

Léger protocol is not justified.36 Furthermore, the criterion-related validity of the 

20mSRT was considered moderate-to-high (rp = 0.66-0.84) among children and youth, 

but the coefficients improved greatly (rp = 0.78-0.95) when combined with other 

variables (e.g., age, sex, body mass index) to estimate CRF.36 As a result, several 

prediction equations have been developed to help predict 𝑉̇O2peak from the maximal 

running speed attained during the 20mSRT. 

Ruiz et al 41 have identified four, among many other 20mSRT prediction 

equations in the literature: Léger,38 Barnett,
38

 Matsuzaka,40 and Ruiz.
41

 To determine 

the criterion-related validity of each equation the predicted 𝑉̇O2peak values are compared 

to objectively measured 𝑉̇O2peak. The results suggested that all equations, except for 

Barnett,39 significantly underestimated 𝑉̇O2peak, and as a result, the study promoted the 

use of the Barnett equation. However, one study suggested the use of the Ruiz37 and/or 

Barnett39 equations;
34

 and another study by Moreira et al
42

 concluded that the best 

equations to estimate 𝑉̇O2peak were that of Barnett39 and/or Matsuzaka.40 Inconsistencies 

throughout the literature make it difficult to identify the strongest prediction equation. 

However, it is conceivable that researchers may select a given prediction equation based 

on the input variables available. For instance, the Léger equation requires speed of the 
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last completed stage and age as inputs, whereas the Ruiz equation requires sex, age, 

weight, height, and stage attained – variables that may not be available to all researchers. 

Thus, regardless of the prediction equation used, it is important to recognize that 

systematic error is inevitably introduced, which may result in the over- or under-

estimation of 𝑉̇O2peak among children and youth. 

 

2.2 Intra-Individual Variability 

Large intra-individual variability (i.e., day-to-day variability) can cause problems 

when estimating the proportion of the population meeting recommendations and/or 

guidelines.43 As a result, there are fundamental differences in measuring PA and CRF as 

described below. 

 

 Physical activity versus cardiorespiratory fitness 2.2.1

PA is a behaviour that potentially varies substantially from day-to-day, causing 

high intra-individual variability. Therefore, to obtain a reliable PA measurement it is 

necessary to collect data over 4 to 9 days (including one weekend day) to achieve a 

reliability coefficient of 0.8.
12,11,44

 Intra-individual variability of PA causes considerable 

measurement difficulty that results in an increase in financial cost,10 an increase in 

participant burden, a decrease in compliance,12 and difficulties with cross-country 

comparability due to climate and weather variations.43 

In contrast, CRF is a trait that is innate, and modified by PA, resulting in 

relatively low intra-individual variability. Thus, CRF varies considerably less than PA on 

a day-to-day basis. Léger et al determined that the test-retest reliability of the 
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20mSRT,38 after one week, was r = 0.89 in children and youth (8 to 19 years). A 

replication study with 12 to 15 year-old youth concluded that reliability was slightly 

better (r = 0.93) with older children.45 Additionally, Tomkinson and Olds conducted a 

20mSRT review of 15 reliability studies and reported a sample weighted average 

coefficient of determination (r
2
) of 0.73 for reliability among children and youth.6 These 

studies indicate that the 20mSRT has strong to near perfect reliability in children and 

youth between 8 to 19 years of age. 

High intra-individual variability of PA presents difficulties in describing 

relationships with health. At times, it is difficult to obtain a reliable estimation of PA, 

resulting in an uncertain and possibly erroneous association with health markers. In 

contrast, the low intra-individual variability of CRF often provides a clear association 

with health markers.47 Thus, intra-individual variability is important to consider for 

population health surveillance indicators. 

 

2.3 Association with Health Markers  

PA and CRF are independently associated with disease risk factors among 

children and with chronic disease outcomes among adults,
20–50

 highlighting the need to 

treat CRF and PA as separate variables in analyzing their associations with health. In 

addition, PA, CRF, and health vary across the life course.51 Therefore, taking a life 

course approach to understanding the associations between PA and CRF with health 

among children and adults might provide insight into current and future population 

health. The following sections will describe the associations of PA and CRF with health, 

and how these associations differ across the life course. 
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 Adulthood 2.3.1

In adults, chronic disease health outcomes are prevalent throughout the 

population.50 Thus, it is possible to determine the associations between PA and CRF 

with a variety of disease health outcomes, including mortality. High levels of CRF 

associate moderately to strongly with a decrease in cardiovascular disease,52 type 2 

diabetes,53 and all-cause mortality in adults.
54,55

 There is also strong evidence that PA 

plays a role in reducing cardiovascular disease, type 2 diabetes, breast and colon cancer, 

depression, and the loss of cognitive functions.56 Although both PA and CRF are 

beneficial for health in adults, Blair et al indicated that the “gradient for various health 

outcomes is steeper across categories of CRF than across PA groups” (p.S396).50 Thus, 

CRF in adults is possibly a better population health indicator than PA levels. 

 

 Childhood and adolescence 2.3.2

In children and youth it is difficult to determine the association between fitness 

and adverse health outcomes (e.g., cancer, cardiovascular disease, metabolic syndrome), 

because these chronic diseases don’t often manifest until the fifth decade of life or 

later.20 As a result, adverse health outcomes are generally not observed in children and 

youth, but evidence suggests that risk factors for chronic diseases (e.g., high blood 

pressure, dyslipidemia, obesity) may manifest in childhood.3 This makes it possible to 

determine the relationship of CRF and PA with disease risk factors (health markers) 

among children and youth. 
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   Physical activity and health 2.3.2.1

In recent years two comprehensive systematic reviews were commissioned to 

inform the development of PA guidelines in Canada,
58,59

 and to ultimately help shape and 

decipher our knowledge of the health benefits of PA among school-aged children and 

youth. The original review by Janssen and LeBlanc 58 identified that PA was associated 

with numerous health benefits (e.g., favourable cholesterol, blood lipids, blood pressure, 

mental health) among children and youth, and that many of these associations displayed a 

dose-response gradient. Thus, more PA is associated with greater health benefits. The 

study concluded with 3 main recommendations, one of which being that “children and 

youth 5-17 years of age should accumulate an average of at least 60 minutes per day and 

up to several hours of at least moderate intensity physical activity…” (p. 11).58 These 

recommendations and the overall health benefits of PA were later supported by a 

systematic review of objectively measured PA.59 The findings also highlighted the 

benefits of light intensity PA, albeit at a reduced level of impact on health than moderate 

and vigorous intensity PA. Overall, these studies support the need for children and youth 

to attain a minimum benchmark of 60 minutes of PA per day in order to experience 

health benefits – a recommendation that is fairly consistent across the world.60 

 

   Cardiorespiratory fitness and health 2.3.2.2

There is one notable narrative synthesis of the literature investigating the 

association between multiple measures of CRF and health benefits among school-aged 

children and youth. Similar to PA, this review highlighted the numerous health benefits 

associated with high levels of CRF among children, which include favourable effects on 
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depression, anxiety, and self-esteem.
61

 However, when compared with PA, CRF levels 

among children and youth may be a stronger predictor of metabolic and cardiovascular 

disease risk.
62–64

  This highlights the potential importance of measuring CRF to help 

understand population health.  

Overall, the evidence suggests that CRF is favourably associated with health 

markers among children and youth. However, the literature is lacking robust systematic 

reviews that would help shape and decipher the overall understanding of the relationship 

between CRF and health. Furthermore, the limited efforts to consolidate the literature 

often include several different CRF measurement tools (i.e., various field-based and 

objective measures), which may present inconsistencies as the construct validity of 

different measures often vary substantially. Thus, it may be beneficial to further explore 

the associations between a single measure of CRF (i.e., the 20mSRT) and health markers 

among school-aged children and youth. 

 

 Tracking from childhood to adulthood 2.3.3

With longitudinal studies it is possible to identify if PA and/or CRF levels in 

childhood track (correlate) with PA and/or CRF in adulthood. Tracking studies suggest 

that correlations do not only rely on the strength of the measure, but also the amount of 

time between observations, with longer periods of time resulting in smaller tracking 

coefficients.
65

 In general, PA tracking from adolescence to young adulthood is low, with 

coefficients between 0.20 and 0.31.
66

 In contrast, CRF tracks moderately well from 

adolescence to young adulthood with coefficients around 0.50.
66,67

 Accounting for 
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roughly the same timespan (adolescent to young adulthood) CRF seems to track better 

than PA.  

Another tracking method is to determine if PA and/or CRF in adolescence is 

associated with future disease in adulthood. Twisk et al assessed CRF and PA in 13 and 

16 year old boys and girls, and measured disease prevalence in the same individuals 20 

years later as part of the Amsterdam Growth and Health Longitudinal Study.
66

 The 

researchers determined that CRF was related to future cardiovascular disease risk profile, 

whereas PA levels were not. Furthermore, Ruiz et al conducted a systematic review 

indicating that there was strong evidence suggesting that high CRF levels in childhood 

and adolescence was related to a healthier cardiovascular profile in adulthood.
68

 These 

results were also supported by two recent cohort studies of more than 700,000 Swedish 

adolescents with a 29–34 year follow-up which suggested that high CRF levels in late 

adolescence was associated with a reduced risk of myocardial infarction and premature 

mortality in adulthood.
69,70

 Therefore, in comparison with PA surveillance, the 

surveillance of CRF among children and youth might not only provide a better 

summative measure of current health status, but it may also provide a good indication of 

future population health and chronic disease burden.  

 

2.4 Benefits and Drawbacks 

Over the past 2 decades there has been strong support for PA research. It is 

possible that official PA guidelines for children and youth provided a structural 

foundation to help support the PA research movement. The guidelines have been an 

effective knowledge translation tool which helped describe the importance of PA for 
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public health and well-being, while also setting an activity target of at least 60 minutes 

per day.
71

 This minimum PA target also helped describe an underlying problem where 

not enough children are meeting the guidelines, and thus, not enough children are 

physically active. It is conceivable that, as a foundation, the PA guidelines have helped 

spur other PA initiatives, such as the Toronto Charter for Physical Activity 
72

 and the 

Bangkok Declaration on Physical Activity.
73

 There have also been several important 

international surveillance efforts to describe PA levels among children and youth, and by 

association, the health of populations.
4,74–76

 Although PA is an important health-related 

behaviour, the measurement of PA as a population health surveillance indicator has many 

potential drawbacks related to measurement as previously discussed (e.g., cost, 

validity,
21,22

 participant burden and compliance,
9,12

 administration and data interpretation 

expertise, cross-country comparisons
9
) and intra-individual variability.

10
  

In contrast, the measurement of CRF as a population health surveillance indicator 

demonstrates several important benefits. For instance, the 20mSRT is a cost-effective, 

valid and simple measure that can assess large groups of children and youth, 

simultaneously.24 At a population level, CRF has the ability to describe both the current 

health of children and youth as well as potential future non-communicable disease 

burden. The simplicity of CRF measurement can also help screen and identify groups of 

children in need of PA-based interventions to improve health. However, CRF-based 

research is missing fundamental population-based studies that are quite apparent in PA-

based research (i.e., guidelines). In addition, there has been a relative lack of CRF 

research since the 1990’s which is potentially due to fitness testing stigma that has 

developed over the years in western culture, and perhaps in other regions worldwide. 
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Thus, there is a need to overcome the cultural stigma of fitness testing by establishing the 

importance of measuring CRF among children and youth as a population health initiative. 

Perhaps fundamental research, similar to PA-based research, can help further develop the 

measurement of CRF as a population health surveillance indicator.   

 

2.5 Conclusion 

Population-based surveillance of PA levels among children and youth has been a 

notable public health accomplishment over the course of the 21
st
 century. However, 

evidence suggests that the measurement of CRF is also a strong population health 

indicator, independent of PA levels, among children and youth. There is certainly a need 

for more comprehensive efforts to better describe population health worldwide in an 

effort to help monitor and evaluate existing health promoting policies and interventions, 

and/or to help identify and guide the implementation of new health promoting policies 

and interventions. Thus, the measurement of CRF may be an important feature to help 

complement existing PA surveillance efforts, or in some circumstances even replace it. 

For instance, CRF measurement could be a cost-effective population health surveillance 

indicator for countries and regions that lack the financial resources to implement 

expensive PA surveillance. However, there are several CRF literature gaps, as identified 

through this review, which may have created a barrier to implement national and 

international CRF measurement as a population health surveillance indicator. Thus, the 

remainder of this dissertation will make efforts to help fill the CRF literature gaps needed 

to support regional, national, and international CRF population health surveillance 

efforts.   
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ABSTRACT 

Background: The associations between cardiorespiratory fitness (CRF) and physical 

literacy in children are largely unknown. The aim of this study was to assess the 

relationships between CRF, measured using the 20-meter shuttle run test (20mSRT), and 

components of physical literacy among Canadian children aged 8–12 years. The 

secondary aim was to estimate the percentage of children with healthy CRF. Methods: A 

total of 9,393 (49.9% female) children, with a mean (SD) age of 10.1 (1.2) years, from a 

cross-sectional surveillance study were included for this analysis. The 20mSRT was 

assessed using a standardized protocol. The four domains of physical literacy (physical 

competence, daily behavior, motivation and confidence, and knowledge and 

understanding) were assessed using the Canadian Assessment of Physical Literacy. The 

Ruiz interim international standards of 42 and 35 ml/kg/min for boys and girls, 

respectively, were used to estimate the percentage of children with healthy CRF. Results: 

CRF was strongly and favorably associated with all components of physical literacy 

among school-aged Canadian children. The effect size between low and high CRF groups 

was large for the physical competence domain (Cohen’s d range: 1.11–1.94) across sex 

and age groups, followed by moderate to large effect sizes for motivation and confidence 

(Cohen’s d range: 0.54–1.18), small to moderate effect sizes for daily behavior (Cohen’s 

d range: 0.25–0.81), and marginal to moderate effect sizes for knowledge and 

understanding (Cohen’s d range: 0.08–0.70). Furthermore, in comparison with boys 

(mean percentage: 64.3[0.7]), there was a higher percentage of girls (mean percentage: 

98.4[0.2]) with healthy CRF across all age groups. The percentage with healthy CRF 

declined with age, only in boys. Conclusions: This study identified strong associations 
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between CRF and physical literacy and its constituent components among 8-12 year-old 

children. The 20mSRT could be implemented as a screening assessment in the school-

based setting to help physical educators identify those at risk of low physical literacy 

levels. 
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INTRODUCTION 

Physical literacy (PL) has emerged as a core construct in the physical education 

paradigm, designed to support children’s engagement in physical activity throughout the 

life course [1, 2]. To better understand the state of PL among Canadian children, an 11-

site cross-sectional surveillance study called the RBC-Canadian Assessment of Physical 

Literacy Learn to Play project (RBC-CAPL) was conducted. The validated CAPL 

instrument was specifically chosen to measure each of the four domains that describe PL 

(i.e., physical competence, daily behavior, motivation and confidence, and knowledge 

and understanding) [3, 4]. The CAPL can be used as a surveillance tool to understand the 

overall PL levels of children and to identify the PL domains that may require targeted 

interventions. However, emerging issues with utilizing the CAPL in school-based settings 

are the amount of time required to assess large groups of children (approximately 90 

minutes with five appraisers to test 25 children), and that teachers may not have the 

expertise or available resources to conduct a full CAPL assessment.  

 

The 20-meter shuttle run test (20mSRT) [5, 6], a reliable and valid assessment of 

cardiorespiratory fitness (CRF) among children [7, 8], is a measure that informs the 

physical competence domain of the CAPL. The 20mSRT lends itself well to population-

based surveillance because it is easy to administer, requires minimal equipment, and can 

be used to assess large groups of children simultaneously [9]. Furthermore, several 

studies have identified favorable associations between 20mSRT performance and aspects 

of PL among children and youth, including physical fitness [10], daily physical activity 

[11], cognitive ability [12, 13], and psychosocial health [14, 15].  
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To our knowledge, no study has assessed the associations between CRF and 

overall/domain-specific PL among children. Specifically, assessing the relationship 

between CRF and the four domains of PL identified in the consensus definition could 

provide further insight into the importance of CRF, and potential strategies for PL 

screening [2]. The RBC-CAPL provides an opportunity to assess these associations in a 

large sample of Canadian children, and to quantify the extent to which CRF relates to 

various components of PL.  

 

The main objective of this study was to evaluate the associations between 20mSRT 

performance (i.e., CRF) and each component of PL assessed using the CAPL among 

Canadian school-aged children (8–12 years). The secondary objective was to determine 

the percentage of Canadian children who attained healthy levels of CRF using the Ruiz 

standards [16]. We hypothesized that children with higher levels of CRF would have 

higher overall PL scores across all for domains of the CAPL, in comparison to those with 

low levels of CRF. 

 

METHODS 

Study design 

The RBC-CAPL was a cross-sectional surveillance study that took place between 2014 

and 2016, and was designed to evaluate the PL levels of Canadian children using a 

standardized data collection protocol. The study design included 11 data collection sites 

from seven Canadian provinces, which included Victoria (British Columbia), Lethbridge 
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and Calgary (Alberta), Winnipeg (Manitoba), North Bay, Windsor, and Ottawa (Ontario), 

Trois-Rivières (Québec), Halifax and Antigonish (Nova Scotia), and Charlottetown 

(Prince Edward Island). The aim was to recruit up to 1,300 participants per site over a 3-

year data collection period. Each site was also tasked with recruiting participants from 

urban (minimum of 50% of the sample) and rural (minimum of 20% of the sample) 

locations, while ensuring a balanced representation of high, medium, and low income 

communities. Ethics approval for this project was originally obtained from the Children’s 

Hospital of Eastern Ontario Research Ethics Board (Ottawa, coordinating centre). Each 

site subsequently obtained approval from their respective research ethics board. Consent 

and ethics approval were also obtained from all participating school boards, summer 

camps, community centres, and/or sport leagues. Written informed consent was obtained 

from parents or legal guardians, and participating children provided assent.  

 

Participants  

Participant recruitment locations were selected across all sites using purposive, non-

randomized sampling. Elementary schools across all sites were the primary participant 

recruitment locations for this study, whereas summer camps, community centres, and 

sport leagues were the secondary participant recruitment locations. Participants were 

considered eligible for this study if between the ages of 8.00–12.99 years (grades 4–6) 

and maximal effort exercise was not contraindicated. All eligible participants were 

invited to participate in this study, and potential participants were able to opt-out for any 

reason, without consequence. Of the 10,030 participants who took part in RBC-CAPL, a 

total of 9,393 remained in the present analysis after excluding participants without a 



 

63 

 

20mSRT score (n=637). Body mass index across sex and age groups of those excluded 

from the analysis did not differ significantly (range of p values: 0.13–0.84) from those 

included in the present analysis. Physical activity levels were significantly lower 

(p<0.006) for 8 year olds who were excluded from the analysis (n=30) due to missing 

data, but there were no differences (range of p values: 0.07–0.49) for children aged 9–12 

years.  

 

Data collection procedures 

All data collection staff had a background in fitness or physical activity assessment, and 

each site’s coordinators were subsequently trained by research staff from the coordinating 

centre (Ottawa). Data collection procedures followed the published CAPL protocol [3, 4], 

which provides standardized procedures to collect data across the four PL domains: 

physical competence, daily behavior, motivation and confidence, and knowledge and 

understanding. 

 

Independent variable 

CRF was assessed using the 15 m or 20mSRT protocols [5, 6]. All children were asked to 

run back and forth between two parallel lines, 15 m or 20 m apart, following the pace of 

an audio signal that began at a speed of 8.5 km/h and increased by 0.5 km/h at every 1-

minute intervals. The total number of laps (shuttles) completed was recorded for each 

participant, and all data from the 15 m protocol were converted to the 20 m protocol 

using a conversion chart [17]. Researchers used indoor gymnasiums as the primary 

testing location, with outdoor locations used as a back-up location when necessary. 
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Participants were encouraged at all times to run a maximal effort test. Following the 

Tomkinson recommendations [18], 20mSRT performance for this study was reported as 

the running speed at the last completed stage and number of laps completed.  

 

Dependent variables 

Physical literacy 

PL was assessed using the CAPL instrument which provides methods to assess the four 

domains of PL, as described below. The total CAPL score is an aggregate that combines 

all domains (physical competence [maximum of 32 points], daily behavior [maximum of 

32 points], motivation and confidence [maximum of 18 points], and knowledge and 

understanding [maximum of 18 points]) and ranges from 0 (poor PL) to 100 (excellent 

PL) points [3]. The total CAPL score and each of the four domain scores were used to 

summarize the associations between CRF and PL.  

 

Physical competence 

The physical competence domain was modified from the original CAPL methods to 

provide an aggregate score that excluded the 20mSRT. Thus, the physical competence 

domain included three health-related fitness assessments, three anthropometric 

assessments, and one gross motor movement skill assessment. Grip strength was assessed 

using a handgrip dynamometer following established procedures [19]. The better score, 

measured to the nearest 0.5 kg, from each of the left and right hands were combined. The 

prone plank test was used to assess torso muscular endurance [20]. Participants were 

asked to hold a static prone position on their elbows and toes with a straight body 
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position from the ankles to the head for as long as possible with the time to exhaustion 

(nearest 0.1 second) recorded as the final score. Flexibility was assessed using the sit-

and-reach protocol with a flexometer [19]. With shoes removed, participants were asked 

to sit with their legs stretched out in front of them and their knees flat on the floor. They 

were asked to extend their arms with their hands stacked while bending forward at the 

hips with legs remaining straight. The furthest distance attained while reaching forward 

toward their toes was recorded to the nearest 0.5 cm. Waist circumference was measured 

to the nearest 0.5 cm at the top of the iliac crest, using standardized procedures [19]. 

Standing height was assessed to the nearest 0.1 cm using a stadiometer, and body weight 

was recorded to the nearest 0.1 kg using a digital weighing scale. Body mass index was 

calculated from the measured height and weight values (kg/m
2
). 

 

Gross motor movement skills were assessed using the Canadian Agility and Movement 

Skill Assessment (CAMSA) protocol [21]. The CAMSA is a standardized agility course 

that provides a method to rapidly assess fundamental and complex movement skills 

(jumping, sliding, catching, throwing, skipping, hopping, and kicking) in a way that 

incorporates various ‘real-world’ movement capacities (coordination, balance, precision, 

acceleration, and deceleration). The overall CAMSA score combines movement quality 

scores with the obstacle course completion time to provide an overall score between 1.5 

(low performer) and 42 (high performer) [21].  

 

Daily behavior 
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The daily behavior domain assessed participants’ engagement in physical activity and 

sedentary behaviors as three separate components: objective physical activity, self-report 

physical activity, and self-report screen time. Daily physical activity was assessed as the 

average number of steps taken each day using a SC-StepRx pedometer (StepsCount, 

Deep River, ON, Canada) [22]. Participants were asked to record their daily step counts 

on a pedometer tracking log before bedtime over the course of seven days. Participants 

were also asked to record the time that put on and took off the pedometer, the amount of 

missing time if the pedometer was removed during the day, and the reason why they may 

have removed the pedometer (e.g., forgot to wear, water-related activity). Pedometer data 

were considered valid if the total number of steps per day was between 1,000 and 30,000; 

at least 10 hours of wear time was accumulated per day; and at least three valid days were 

recorded [23]. Children were asked to self-report the average number of days per week 

that they performed at least 60 minutes of moderate to vigorous intensity physical 

activity. Children were also asked to self-report the time spent using screens (i.e., 

watching television, playing video games, computer games, or other screen-based 

devices) on a typical school day and weekend day as a measure of sedentary behavior.  

 

Motivation and confidence 

The motivation and confidence domain was derived from five components. A published 

scale was used to derive perceptions of physical activity benefits and barriers [24]. 

Children were asked how their activity levels compared with their peers, and how their 

skill level compared with their peers. Lastly, sub-scales of the Children’s Self-Perception 
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and Adequacy in and Predilection for Physical Activity (CSAPPA) scale were used to 

assess participants’ adequacy and predilection toward physical activity participation [24]. 

 

Knowledge and understanding 

Knowledge and understanding was assessed using a standardized questionnaire (CAPL 

questionnaire) developed to reflect the grades 4, 5, and 6 Canadian curricula for physical 

and health education [3]. The questions were broadly related to the understanding of the 

physical activity and sedentary behavior guidelines, health-related fitness components, 

physical activity safety equipment, and methods for improving movement skills. 

Participants completed the questionnaire using paper and pencil or an online website 

format.  

 

Data analysis 

All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, North Carolina, 

USA). Descriptive characteristics for all variables were calculated as means and standard 

deviations. The independent variable, 20mSRT laps, was divided into tertiles across each 

age (i.e., age at the last birthday) by sex group, representing low, medium, and high CRF. 

To determine the analytical plan to assess the associations between CRF and each 

dependent variable, sex and age interaction terms were tested. First, significant sex 

interactions were identified between CRF and most components of PL (i.e., 16/20 

significant interactions). Next, significant age interactions by sex were identified for 

more than half of the components of PL (i.e., 24/36 significant interactions). As a result 

of these significant interactions, a stratified analysis by sex and age was conducted. Thus, 
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mean scores for all components of PL were calculated for each sex by age CRF tertile 

group, and significant differences across groups were assessed using ANOVA. Post-hoc 

analyses (Dunn’s test with Bonferroni correction) were used to identify significant 

differences between groups, using low CRF as the reference group. Effect sizes between 

low and high CRF groups were calculated using Cohen’s d, and effect sizes were 

interpreted as small (d between 0.2 and 0.5), moderate (d between 0.5 and 0.8), and large 

(d > 0.8), with effect sizes below 0.2 considered trivial [27]. To estimate the percentage 

of children with healthy CRF, we used the interim international CRF standards of 42 and 

35 ml/kg/min for boys and girls, respectively [16, 26]. 

 

RESULTS 

Participants 

A total of 9,393 (49.9% girls) children aged 8–12 years, from 11 Canadian sites, were 

included in this study. Nearly half (42.6%) of the sample was from Western Canada (i.e., 

Victoria, Lethbridge, Calgary, and Winnipeg). Table 1 provides the descriptive 

characteristics for all included participants.  

<<< Insert Table 1 >>> 

 

Associations across components of physical literacy 

Tables 2–6 display the associations between CRF and all components of PL, with each 

table presenting the data for boys and girls of the same age. There were significant main 

effects across CRF tertile groups for most components of PL that were consistent and in 

the expected direction across all sex and age groups. The effect sizes (Cohen’s d) 
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between low and high CRF groups ranged from small to large, with very few components 

of PL considered trivial. Generally, larger effect sizes were observed for boys than girls, 

and the effect sizes generally increased with age. The physical competence domain score 

consistently displayed the largest effect size (Cohen’s d range: 1.11–1.94) across sex and 

age groups, followed by the total CAPL score (Cohen’s d range: 0.92–1.60), the CAMSA 

(Cohen’s d range: 0.97–1.52) and the plank (Cohen’s d range: 0.86–1.36). The smallest 

effect size across sex and age groups was generally the knowledge and understanding 

domain (Cohen’s d range: 0.08–0.70), followed by the sit and reach score for boys 

(Cohen’s d range: 0.29–0.40), and the handgrip score for girls (Cohen’s d range: 0.24–

0.41). 

<<< Insert Tables 2 to 6 >>> 

 

Percentage of children with healthy CRF 

The percentages of children with healthy CRF for each age group are presented in Figure 

1. The mean percentage of children meeting the CRF standard was 64.3% (SD = 0.7) for 

boys and 98.4% (SD = 0.2) for girls. Although girls maintained an equivalent percentage 

of healthy CRF across age groups, the percentage of boys with healthy CRF decreased 

with age. 

<<< Insert Figure 1 >>> 

 

DISCUSSION 

This study represents the largest effort to assess the associations between CRF and 

components of PL among school-aged children. Our findings suggest that there are clear 
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PL related benefits to having high CRF levels, supporting our hypothesis. For instance, 

those in the high CRF tertile consistently demonstrated better scores across all domains 

of PL in comparison with their peers in lower CRF tertile groups, regardless of sex and 

age. Of the PL components, the strongest associations were identified between CRF and 

physical competence (large effect size), followed by motivation and confidence 

(moderate to large effect size), daily behavior (small to moderate effect size), and 

knowledge and understanding (trivial to moderate effect size). In addition, findings from 

this study suggest that boys, in comparison with girls, have lower percentages of 

apparently healthy CRF and these percentages decreased as age increased. 

 

Associations across components of physical literacy 

Our study identifies consistent and favorable gradients across CRF tertiles for all 

components that describe PL. This finding suggests that CRF, measured using the 

15mSRT or 20mSRT, is an important correlate of all PL domains and almost all 

components of the CAPL among Canadian children aged 8–12 years, supporting a 

growing body of literature that highlights the importance of CRF in these age groups 

[30].  

 

This study identifies strong associations between CRF and most components of the 

physical competence domain, which supports the literature [10]. Of the components that 

describe physical competence, the largest effect sizes across sex and age groups were 

identified for the CAMSA (i.e., gross motor skills) and the plank test (i.e., muscular 

endurance). Although this study is the first to identify these strong associations, as the 
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CAMSA and the plank are novel assessments used in the CAPL, other studies using 

different tests support our findings. For instance, a previous study has identified strong 

positive associations between the Test of Gross Motor Development-2
nd

 Edition and 

achieving the FITNESSGRAM® Healthy Fitness Zone for the 20mSRT [31, 32]. This 

further suggests that CRF is strongly related to gross motor skills. In addition, another 

study reported marginal but significant correlations between CRF and the ability to 

perform repeated push-ups and curl-ups [33], measures of muscular endurance, similar to 

the plank test. These associations suggest that future school-based interventions designed 

to improve CRF could incorporate skill development aimed at teaching fundamental 

motor skills (i.e., jumping, sliding, catching, throwing, skipping, hopping, and kicking), 

movement capacities (i.e., coordination, balance, precision, acceleration, and 

deceleration), and muscular endurance. These types of interventions may have an indirect 

or mediated effect by providing children with the abilities needed to further improve 

CRF. Indeed, many physical education programs incorporate these aspects of skill 

development in their respective curriculums.   

 

In our study, the association between CRF and adiposity (body mass index and waist 

circumference) ranged from moderate to large. While the relationship between CRF and 

adiposity is certainly important, it may not be the most vital aspect associated with 

20mSRT performance. Previous research has showed that adiposity explained between 

40 and 60% of declines in distance running seen in children (aged 10–12 years) between 

1985 and 1997 [34]. Indeed, 20mSRT performance in children likely results from a 
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combination of several physiological and psychological aspects, including motivation 

[35].  

 

The importance of motivation is further supported by our study which identified the 

motivation and confidence domain as having moderate to large effect sizes across sex and 

age groups. This is noteworthy given that the association range for the motivation and 

confidence domain was stronger than the overall daily behavior domain across most sex 

by age groups. Thus, our findings highlight that creating a motivational climate (e.g., 

mastery climate – achievement goal theory, self-determination theory, etc.) that fosters 

increased effort and task motivation could positively impact CRF, and the context in 

which children are active (e.g., encouragement, reinforcement, etc.) may be more 

important than simply getting children moving. 

 

Percentage of children with healthy CRF 

The Ruiz standards of 42 and 35 ml/kg/min for boys and girls, respectively, have recently 

been proposed as an international interim standard to identify children at risk of poor 

health [16, 26]. Although international percentages of healthy CRF in children have been 

estimated elsewhere [26], no study to date has applied these standards to a large sample 

of children. Our results suggest that almost all Canadian girls meet the standard for 

healthy CRF. Although percentages obtained for girls could be correct, it is more likely 

that our results reflect a limitation of using one single standard for all age groups, and 

perhaps the standard for Canadian girls is too low. Previous research has identified that 

predicted relative VO2peak using the 20mSRT for boys increases slightly with age and 
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maturation, but these values tend to decrease substantially with age and maturation in 

girls [28]. For this reason, previous research has suggested that the health-related CRF 

standards for young girls should be higher (i.e., 38 ml/kg/min) [29]. Indeed, our results 

highlight the need to develop age specific standards for boys and girls, which could be 

informed using the recently published international normative-referenced standards, 

developed using a sample of 1,142,026 children and youth from 50 countries [18].  

 

Strategies for CRF and PL surveillance 

Our study identified strong associations between CRF and PL that generally increased 

with age. This finding suggests that 20mSRT performance could significantly 

differentiate children with high, medium, and low PL levels. Given this finding, the 

20mSRT could be used as a simple screening assessment to help identify children with 

low PL and in need of a full CAPL assessment, providing a way to save time and 

resources in the school-based setting. This strategy is consistent with other studies that 

have advocated for the use of the 20mSRT as a population health surveillance instrument 

to help identify children and youth at risk of poor health outcomes [9]. This study also 

highlights the possibility of developing new PL-based standards for children that would 

incorporate a variety of cognitive, mental, and physical health indicators that may help 

screen children at increased risk of lifestyle-related disease. Future studies should aim to 

better understand the sensitivity and specificity of using CRF to predict PL. 

 

Strengths and limitations 
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An important strength of this study is the large sample of Canadian children tested using 

a standardized data collection protocol, validated CAPL instruments, and trained 

assessors across all 11 sites. We collected data during a relatively small timeframe (i.e., 3 

years), thereby limiting the possible effect of temporal trends. We also aimed to obtain a 

balanced sample across Eastern and Western Canada to diminish any potential cross-

country differences in our estimates. However, our results need to be interpreted in light 

of the following limitations. First, this was a cross-sectional study and therefore causality 

cannot be inferred. Second, in light of the voluntary and purposive sampling strategy, the 

results may not be generalizable to the broader Canadian context, although our physical 

competence results are comparable to previous studies of nationally representative 

Canadian samples of similarly aged children [36]. Finally, the potential confounding 

effects of unmeasured variables (e.g., maturation, socioeconomic status, etc.) cannot be 

discounted.  

 

CONCLUSION 

Collectively, this study identified strong favourable associations between CRF and all 

components of PL among school-aged children. These findings suggest that CRF could 

be used as a simple screening assessment to identify children at risk of low PL levels. 

Furthermore, this study identified higher percentages of girls with healthy CRF, in 

comparison with boys. Future studies should aim to replicate these results in different 

countries and age groups and to further refine criterion standards for CRF among 

children.  
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Table 1 Descriptive characteristics of participants. 

 Boys (n=4710) Girls (n=4683) Total (n=9393) 

Age (years) 10.1 (1.2) 10.1 (1.2) 10.1 (1.2) 

Site (n, %)    
Victoria, British Colombia  258 (5.5) 220 (4.7) 478 (5.1) 

Lethbridge, Alberta 532 (11.3) 531 (11.3) 1063 (11.3) 

Calgary, Alberta 620 (13.2) 619 (13.2) 1239 (13.2) 

Winnipeg, Manitoba 607 (12.9) 610 (13.0) 1217 (13.0) 

North Bay, Ontario 529 (11.2) 578 (12.3) 1107 (11.8) 

Windsor, Ontario 637 (13.5) 569 (12.2) 1206 (12.8) 

Ottawa, Ontario 350 (7.4) 359 (7.7) 709 (7.5) 

Trois-Rivières, Québec 56 (1.2) 34 (0.7) 90 (1.0) 

Halifax, Nova Scotia 390 (8.3) 407 (8.7) 797 (8.5) 

Antigonish, Nova Scotia 482 (10.2) 506 (10.8) 988 (10.5) 

Charlottetown, P.E.I. 249 (5.3) 250 (5.3) 499 (5.3) 

Independent variable    
20mSRT (# laps) 25.8 (15.8) 20.9 (11.6) 23.4 (14.1) 

Running speed at the last 
completed stage (km/h)

a
 

   

8 year-olds 8.9 (2.1) 8.8 (1.6) 8.8 (1.8) 

9 year-olds 9.1 (1.6) 8.9 (1.6) 9.0 (1.6) 

10 year-olds 9.2 (1.5) 9.0 (1.3) 9.1 (1.4) 

11 year-olds 9.4 (1.5) 9.2 (1.2) 9.3 (1.3) 

12 year-olds 9.5 (1.6) 9.3 (1.2) 9.4 (1.4) 

Dependent variables    
Physical literacy    
Total CAPL score (0-100) 63.9 (12.4) 63.7 (10.9) 63.8 (11.7) 

Physical competence domain    
Total domain score (0-32) 20.8 (4.3) 20.8 (4.2) 20.8 (4.2) 

Sit and reach score (cm) 25.4 (7.6) 30.9 (8.3) 28.1 (8.4) 

Handgrip score (kg) 34.5 (9.6) 32.6 (9.2) 33.6 (9.5) 

Plank score (sec) 62.0 (44.2) 61.3 (42.7) 61.5 (43.5) 

Body mass index (kg/m
2
) 18.9 (3.9) 19.0 (3.8) 19.0 (3.8) 

Waist circumference (cm) 67.4 (11.0) 67.2 (10.6) 67.3 (10.8) 

CAMSA score 31.5 (5.9) 30.4 (5.7) 31.0 (5.8) 

Daily behavior domain    
Total domain score (0-32) 18.6 (7.9) 18.4 (7.4) 18.5 (7.6) 

Average daily step counts 12405 (4081) 10793 (3508) 11530 (3865) 

Self-reported screen time (h) 2.7 (2.1) 2.2 (1.8) 2.5 (1.9) 

Self-reported physical activity (days 
meeting the guidelines) 

5.0 (2.0) 4.9 (1.9) 5.0 (1.9) 

Motivation and confidence domain    
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Total domain score (0-18) 12.7 (2.8) 12.2 (2.6) 12.5 (2.7) 

CSAPPA adequacy score 4.8 (0.9) 4.6 (0.9) 4.7 (0.9) 

CSAPPA predilection score 4.8 (1.0) 4.8 (1.0) 4.8 (1.0) 

Benefits and barriers ratio 1.6 (1.2) 1.5 (1.1) 1.6 (1.2) 

Activity levels compared to peers 0.7 (0.2) 0.7 (0.2) 0.7 (0.2) 

Skill level compared to peers 0.7 (0.2) 0.6 (0.2) 0.7 (0.2) 

Knowledge and understanding domain    
Total domain score (0-18) 11.8 (2.8) 12.2 (2.6) 12.0 (2.7) 

CAPL questionnaire score 11.8 (2.8) 12.2 (2.6) 12.0 (2.7) 

All variables are presented as means (SD) unless otherwise stated.  

20mSRT = 20-m shuttle run test; CRF = cardiorespiratory fitness; CAMSA = Canadian Agility and 

Movement Skill Assessment; CSAPPA = Children’s Self-Perception and Adequacy in and Predilection for 

Physical Activity; CAPL = Canadian Assessment of Physical Literacy. 

a
 20mSRT results are reported as running speed (km/h) at the last completed stage for each age group as 

recommended by Tomkinson et al. [18]. 
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Table 2 Tertiles of cardiorespiratory fitness across components of physical literacy for 8 year-old boys and girls. 
 Boys (n=522) Girls (n=524) 

 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 
20mSRT (# laps) 9.4 (2.7) 19.5 (3.6) 39.5 (11.2)  9.5 (2.1) 15.9 (1.9) 31.1 (10.6)  

Physical literacy         
Total CAPL score 55.1 (10.8) 62.1 (10.3)a 67.7 (9.8)bc* 1.22 58.7 (9.9) 62.7 (9.9)a 67.1 (8.3)bc* 0.92 

Physical competence domain         
Total domain score 17.5 (3.4) 20.0 (3.2)a 22.4 (3.0)bc* 1.53 17.4 (3.8) 19.8 (3.2)a 21.3 (3.2)bc* 1.11 

Sit and reach score (cm) 26.1 (6.7) 27.1 (7.0) 28.1 (6.8)c* 0.30 29.8 (7.0) 32.0 (6.5)a 32.1 (7.5)c* 0.32 

Handgrip score (kg) 25.5 (6.8) 26.8 (5.6) 29.3 (5.6)bc* 0.61 24.5 (5.9) 24.9 (5.4) 26.8 (5.3)bc* 0.41 

Plank score (sec) 37.6 (27.2) 51.9 (34.5)a 72.0 (41.5)bc* 0.98 39.3 (21.6) 54.9 (37.3)a 74.0 (50.6)bc* 0.89 

BMI (kg/m2) 18.1 (3.4) 16.9 (2.3)a 16.6 (1.9)c* 0.55 18.3 (3.5) 16.9 (2.5)a 16.7 (2.5)c* 0.53 

Waist circumference (cm) 63.2 (9.0) 60.8 (6.9)a 59.0 (4.4)bc* 0.59 64.4 (9.8) 60.8 (7.7)a 59.2 (6.6)c* 0.62 

CAMSA score 23.7 (6.0) 28.5 (5.3)a 31.2 (5.1)bc* 1.35 23.5 (5.7) 26.3 (5.7)a 28.9 (5.4)bc* 0.97 

Daily behavior domain         
Total domain score 16.3 (7.9) 19.3 (7.3)a 21.6 (6.9)bc* 0.71 18.8 (7.4) 20.2 (7.1) 21.9 (6.4)c* 0.45 

Average daily step counts 11369 (3786) 13589 (3907)a 14218 (3471)c* 0.78 11270 (3479) 11773 (3242) 11758 (3283) 0.14 

Self-reported screen time 
(h/day) 

3.2 (2.4) 2.4 (1.8)a 2.1 (2.0)c* 0.50 2.2 (2.0) 1.9 (1.8) 1.6 (1.5)c* 0.34 

Average days meeting the 
guidelines 

4.4 (2.3) 4.7 (2.4) 5.4 (1.9)bc* 0.47 4.5 (2.3) 4.8 (2.1) 5.2 (1.8)c* 0.34 

Motivation and confidence 
domain 

        

Total domain score 11.5 (2.8) 12.3 (2.5)a 13.2 (2.3)bc* 0.66 12.0 (2.3) 11.9 (2.5) 13.2 (2.1)bc* 0.54 

CSAPPA adequacy score 4.5 (0.9) 4.6 (0.8) 4.9 (0.8)bc* 0.47 4.5 (0.9) 4.5 (0.8) 4.9 (0.8)bc* 0.47 

CSAPPA predilection score 4.3 (1.0) 4.8 (0.9)a 5.0 (0.9)c* 0.74 4.6 (0.9) 4.8 (0.9) 5.2 (0.7)bc* 0.74 

Benefits and barriers ratio 1.3 (1.4) 1.5 (1.3) 1.8 (1.2)c* 0.38 1.4 (1.2) 1.3 (1.2) 1.6 (1.1)c 0.17 

Activity levels compared to 
peers 

0.7 (0.3) 0.7 (0.2) 0.8 (0.2)c* 0.39 0.7 (0.2) 0.7 (0.2) 0.8 (0.2)b* 0.50 

Skill level compared to peers 0.7 (0.3) 0.7 (0.3) 0.8 (0.2)bc* 0.39 0.7 (0.2) 0.7 (0.2) 0.7 (0.2) 0.00 

Knowledge and understanding 
domain 

        

Total domain score 9.8 (2.7) 10.5 (3.0) 10.4 (2.6) 0.23 10.5 (2.5) 10.7 (2.6) 10.7 (2.6) 0.08 

CAPL questionnaire score 9.8 (2.7) 10.5 (3.0) 10.4 (2.6) 0.23 10.5 (2.5) 10.7 (2.6) 10.7 (2.6) 0.08 
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All variables are presented as means (SD). Statistical significance for the main effect was assessed using ANOVA. Bonferroni (Dunn) t-test was used to assess 

differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups.  

CRF = cardiorespiratory fitness; 20mSRT = 20-m shuttle run test; BMI = body mass index; CSAPPA = Children’s Self-Perception and Adequacy in and 

Predilection for Physical Activity; CAPL = Canadian Assessment of Physical Literacy. 

 

*p<0.001 for main effect; 
a 
p<0.05 for 2 vs 1; 

b 
p<0.05 for 3 vs 2; 

c 
p<0.05 for 3 vs 1. 
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Table 3 Tertiles of cardiorespiratory fitness across components of physical literacy for 9 year-old boys and girls. 
 Boys (n=946) Girls (n=908) 

 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 
20mSRT (# laps) 10.7 (3.0) 21.0 (3.5) 40.9 (10.7)  9.6 (2.3) 17.2 (2.5) 32.3 (8.5)  

Physical literacy         
Total CAPL score 57.3 (11.6) 63.9 (10.1)a 70.6 (9.7)bc* 1.24 59.4 (9.9) 63.4 (10.1)a 68.4 (8.4)bc* 0.98 

Physical competence domain         
Total domain score 17.5 (3.7) 20.4 (3.4)a 22.9 (3.4)bc* 1.52 17.6 (3.8) 20.3 (3.5)a 22.7 (3.5)bc* 1.40 

Sit and reach score (cm) 25.0 (7.9) 26.1 (7.3) 28.0 (7.0)bc* 0.40 29.5 (7.7) 31.4 (7.9)a 32.1 (7.7)c* 0.34 

Handgrip score (kg) 29.9 (7.5) 30.3 (7.3) 32.1 (6.9)bc* 0.31 27.7 (6.8) 28.5 (6.6) 29.3 (6.3)c* 0.24 

Plank score (sec) 41.8 (31.0) 55.8 (36.8)a 83.1 (53.7)bc* 0.94 44.4 (30.0) 60.1 (41.8)a 80.7 (51.3)bc* 0.86 

BMI (kg/m2) 20.1 (4.3) 17.7 (2.6)a 16.9 (2.0)bc* 0.95 19.9 (4.1) 18.2 (3.1)a 17.1 (2.6)bc* 0.82 

Waist circumference (cm) 68.7 (12.0) 63.3 (7.5)a 60.6 (5.4)bc* 0.87 68.8 (10.7) 64.3 (9.4)a 60.4 (7.3)bc* 0.92 

CAMSA score 26.8 (5.5) 29.9 (4.7)a 33.5 (4.2)bc* 1.37 25.9 (5.7) 29.4 (5.0)a 32.0 (4.5)bc* 1.19 

Daily behavior domain         
Total domain score 17.3 (8.0) 19.8 (7.5)a 22.6 (6.7)bc* 0.72 18.9 (7.2) 19.2 (7.3) 20.9 (6.3)bc* 0.25 

Average daily step counts 11745 (3751) 12697 (3805) 14632 (3982)bc* 0.75 10476 (3486) 11135 (3386) 11993 (3380)bc* 0.44 

Self-reported screen time 
(h/day) 

3.1 (2.6) 2.5 (1.8)a 2.0 (1.7)bc* 0.50 2.1 (1.9) 2.0 (1.7) 1.7 (1.5)c* 0.23 

Average days meeting the 
guidelines 

4.5 (2.2) 5.0 (2.1)a 5.5 (1.8)bc* 0.50 4.7 (2.1) 4.9 (2.0) 5.3 (1.6)bc* 0.32 

Motivation and confidence 
domain 

        

Total domain score 11.9 (2.8) 12.6 (2.4)a 13.8 (2.1)bc* 0.77 11.7 (2.6) 12.5 (2.2)a 13.2 (2.0)bc* 0.65 

CSAPPA adequacy score 4.5 (0.9) 4.8 (0.8)a 5.1 (0.7)bc* 0.74 4.3 (0.9) 4.6 (0.8)a 4.9 (0.8)bc* 0.71 

CSAPPA predilection score 4.6 (1.0) 4.8 (0.9)a 5.2 (0.8)bc* 0.66 4.6 (1.0) 4.8 (0.9) 5.2 (0.8)bc* 0.66 

Benefits and barriers ratio 1.5 (1.3) 1.6 (1.2) 1.8 (1.2)c* 0.24 1.5 (1.2) 1.6 (1.0) 1.7 (1.0) 0.18 

Activity levels compared to 
peers 

0.7 (0.2) 0.7 (0.2)a 0.8 (0.2)bc* 0.50 0.7 (0.2) 0.7 (0.2)a 0.8 (0.2)bc* 0.50 

Skill level compared to peers 0.7 (0.3) 0.7 (0.2) 0.8 (0.2)bc* 0.39 0.6 (0.2) 0.7 (0.2)a 0.7 (0.2)c* 0.50 

Knowledge and understanding 
domain 

        

Total domain score 10.6 (2.8) 11.0 (2.7) 11.3 (2.6)c* 0.26 11.1 (2.5) 11.4 (2.5) 11.6 (2.3)c 0.21 

CAPL questionnaire score 10.6 (2.8) 11.0 (2.7) 11.3 (2.6)c* 0.26 11.1 (2.5) 11.4 (2.5) 11.6 (2.3)c 0.21 
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All variables are presented as means (SD). Statistical significance for the main effect was assessed using ANOVA. Bonferroni (Dunn) t-test was used to assess 

differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups.  

CRF = cardiorespiratory fitness; 20mSRT = 20-m shuttle run test; BMI = body mass index; CSAPPA = Children’s Self-Perception and Adequacy in and 

Predilection for Physical Activity; CAPL = Canadian Assessment of Physical Literacy. 

 

*p<0.001 for main effect; 
a 
p<0.05 for 2 vs 1; 

b 
p<0.05 for 3 vs 2; 

c 
p<0.05 for 3 vs 1.  
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Table 4 Tertiles of cardiorespiratory fitness across components of physical literacy for 10 year-old boys and girls. 
 Boys (n=1201) Girls (n=1175) 

 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 
20mSRT (# laps) 11.0 (3.0) 21.4 (3.9) 42.6 (10.0)  10.0 (2.1) 16.7 (2.1) 32.0 (9.9)  

Physical literacy         
Total CAPL score 56.4 (11.4) 63.6 (10.5)a 71.9 (9.2)bc* 1.50 57.3 (10.2) 63.4 (9.7)a 69.6 (9.9)bc* 1.22 

Physical competence domain         
Total domain score 17.8 (3.8) 20.5 (3.5)a 23.7 (3.4)bc* 1.64 17.9 (3.8) 20.4 (3.4)a 23.1 (3.3)bc* 1.46 

Sit and reach score (cm) 24.4 (7.5) 25.7 (7.4)a 26.4 (7.4)c* 0.27 28.6 (7.7) 30.1 (8.0)a 32.4 (8.5)bc* 0.47 

Handgrip score (kg) 31.4 (7.9) 32.8 (8.2) 35.7 (7.6)bc* 0.56 30.1 (7.7) 31.2 (7.7) 32.8 (7.3)bc* 0.36 

Plank score (sec) 40.7 (31.7) 56.8 (35.3)a 85.7 (51.5)bc* 1.05 40.5 (28.8) 55.7 (32.6)a 80.1 (46.2)bc* 1.03 

BMI (kg/m2) 20.6 (4.7) 18.7 (3.2)a 17.4 (2.2)bc* 0.87 20.7 (4.5) 18.8 (3.2)a 17.6 (2.8)bc* 0.83 

Waist circumference (cm) 72.4 (12.9) 66.6 (9.1)a 62.8 (6.5)bc* 0.94 72.2 (12.3) 66.5 (8.8)a 63.5 (7.7)bc* 0.85 

CAMSA score 27.8 (5.8) 31.5 (4.5)a 34.7 (4.0)bc* 1.39 27.4 (5.3) 29.7 (4.8)a 32.9 (4.6)bc* 1.11 

Daily behavior domain         
Total domain score 15.7 (7.6) 18.3 (7.4)a 21.5 (6.7)bc* 0.81 16.7 (7.1) 18.4 (6.9)a 20.5 (7.1)bc* 0.54 

Average daily step counts 10923 (3696) 12327 (3935)a 13907 (4026)bc* 0.77 10065 (3126) 10771 (3825) 11569 (3668)bc* 0.44 

Self-reported screen time 
(h/day) 

3.3 (2.3) 2.7 (1.9)a 2.2 (1.6)bc* 0.56 2.4 (1.9) 1.9 (1.5)a 1.9 (1.5)c* 0.29 

Average days meeting the 
guidelines 

4.5 (2.1) 5.1 (1.9)a 5.8 (1.5)bc* 0.71 4.5 (1.9) 5.0 (1.9)a 5.3 (1.5)c* 0.48 

Motivation and confidence 
domain 

        

Total domain score 11.8 (2.9) 12.8 (2.6)a 14.2 (2.1)bc* 0.95 11.2 (2.9) 12.2 (2.5)a 13.2 (2.2)bc* 0.78 

CSAPPA adequacy score 4.5 (1.0) 4.9 (0.9)a 5.2 (0.7)bc* 0.81 4.2 (1.0) 4.6 (0.9)a 4.9 (0.8)bc* 0.77 

CSAPPA predilection score 4.5 (1.1) 4.9 (0.9)a 5.3 (0.7)bc* 0.87 4.5 (1.1) 4.8 (1.0)a 5.2 (0.8)bc* 0.83 

Benefits and barriers ratio 1.4 (1.3) 1.6 (1.1)a 2.1 (1.1)bc* 0.58 1.3 (1.2) 1.4 (1.1) 1.7 (1.0)bc* 0.36 

Activity levels compared to 
peers 

0.7 (0.2) 0.7 (0.2)a 0.8 (0.2)bc* 0.50 0.6 (0.2) 0.7 (0.2)a 0.7 (0.2)bc* 0.50 

Skill level compared to peers 0.6 (0.3) 0.7 (0.2)a 0.8 (0.2)bc* 0.78 0.6 (0.2) 0.6 (0.2)a 0.7 (0.2)bc* 0.50 

Knowledge and understanding 
domain 

        

Total domain score 11.4 (2.8) 12.0 (2.6)a 12.5 (2.6)bc* 0.41 11.6 (2.7) 12.4 (2.4)a 12.8 (2.4)c* 0.47 

CAPL questionnaire score 11.4 (2.8) 12.0 (2.6)a 12.5 (2.6)bc* 0.41 11.6 (2.7) 12.4 (2.4)a 12.8 (2.4)c* 0.47 
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All variables are presented as means (SD). Statistical significance for the main effect was assessed using ANOVA. Bonferroni (Dunn) t-test was used to assess 

differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups.  

CRF = cardiorespiratory fitness; 20mSRT = 20-m shuttle run test; BMI = body mass index; CSAPPA = Children’s Self-Perception and Adequacy in and 

Predilection for Physical Activity; CAPL = Canadian Assessment of Physical Literacy. 

 

*p<0.001 for main effect; 
a 
p<0.05 for 2 vs 1; 

b 
p<0.05 for 3 vs 2; 

c 
p<0.05 for 3 vs 1. 

  



 

87 

 

Table 5 Tertiles of cardiorespiratory fitness across components of physical literacy for 11 year-old boys and girls. 
 Boys (n=1510) Girls (n=1550) 

 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 
20mSRT (# laps) 11.5 (3.3) 24.0 (4.6) 47.6 (12.2)  11.6 (2.8) 19.6 (2.6) 35.6 (9.2)  

Physical literacy         
Total CAPL score 56.4 (11.4) 65.1 (11.0)a 72.2 (10.3)bc* 1.45 58.0 (10.3) 63.5 (9.7)a 70.3 (9.9)bc* 1.22 

Physical competence domain         
Total domain score 18.1 (3.8) 21.6 (3.5)a 24.4 (3.3)bc* 1.77 19.0 (3.6) 21.6 (3.3)a 24.0 (3.4)bc* 1.43 

Sit and reach score (cm) 23.0 (7.6) 25.2 (7.6)a 25.8 (7.3)c* 0.38 28.6 (8.6) 30.4 (8.7)a 33.1 (8.6)bc* 0.52 

Handgrip score (kg) 36.0 (9.8) 37.0 (9.1) 39.7 (8.5)bc* 0.40 34.6 (9.2) 35.5 (9.0) 37.2 (8.6)bc* 0.29 

Plank score (sec) 42.2 (31.9) 63.0 (39.1)a 93.2 (53.1)bc* 1.16 43.3 (27.9) 60.0 (37.5)a 85.5 (48.5)bc* 1.07 

BMI (kg/m2) 21.8 (5.0) 19.2 (3.3)a 17.8 (2.4)bc* 1.01 21.1 (4.5) 19.3 (3.3)a 18.0 (2.7)bc* 0.84 

Waist circumference (cm) 76.7 (14.1) 69.1 (9.4)a 65.3 (6.7)bc* 1.31 74.1 (12.3) 68.5 (9.3)a 64.8 (7.1)bc* 0.93 

CAMSA score 29.7 (5.4) 33.5 (4.5)a 36.1 (3.6)bc* 1.40 29.5 (5.1) 32.0 (4.4)a 34.7 (4.1)bc* 1.12 

Daily behavior domain         
Total domain score 15.2 (7.8) 18.2 (7.5)a 20.5 (7.6)bc* 0.69 15.6 (7.7) 17.2 (7.0)a 19.6 (7.1)bc* 0.54 

Average daily step counts 10984 (3740) 11825 (3865)a 13209 (4118)bc* 0.57 9679 (3282) 10176 (3266) 11587 (3777)bc* 0.54 

Self-reported screen time 
(h/day) 

3.4 (2.3) 2.8 (1.9)a 2.4 (1.7)bc* 0.50 2.7 (2.0) 2.4 (1.7)a 2.0 (1.5)bc* 0.40 

Average days meeting the 
guidelines 

4.4 (2.1) 5.1 (1.8)a 5.7 (1.6)bc* 0.70 4.4 (1.9) 4.9 (1.7)a 5.3 (1.6)bc* 0.51 

Motivation and confidence 
domain 

        

Total domain score 11.3 (3.1) 12.7 (2.8)a 14.1 (2.1)bc* 1.06 11.1 (2.6) 11.9 (2.4)a 13.3 (2.4)bc* 0.88 

CSAPPA adequacy score 4.4 (1.0) 4.8 (0.9)a 5.2 (0.7)bc* 0.93 4.2 (0.9) 4.5 (0.8)a 4.9 (0.8)bc* 0.82 

CSAPPA predilection score 4.4 (1.1) 4.8 (1.0)a 5.3 (0.8)bc* 0.94 4.4 (1.0) 4.6 (0.9)a 5.1 (0.8)bc* 0.77 

Benefits and barriers ratio 1.3 (1.2) 1.7 (1.2)a 2.0 (1.1)bc* 0.61 1.3 (1.1) 1.5 (1.0)a 1.8 (1.0)bc* 0.48 

Activity levels compared to 
peers 

0.6 (0.2) 0.7 (0.2)a 0.8 (0.2)bc* 1.00 0.6 (0.2) 0.7 (0.2)a 0.8 (0.2)bc* 1.00 

Skill level compared to peers 0.6 (0.2) 0.7 (0.2)a 0.8 (0.2)bc* 1.00 0.6 (0.2) 0.6 (0.2)a 0.7 (0.2)bc* 0.50 

Knowledge and understanding 
domain 

        

Total domain score 11.8 (2.8) 12.7 (2.6)a 13.1 (2.5)c* 0.49 12.2 (2.6) 12.8 (2.4)a 13.4 (2.4)bc* 0.48 

CAPL questionnaire score 11.8 (2.8) 12.7 (2.6)a 13.1 (2.5)c* 0.49 12.2 (2.6) 12.8 (2.4)a 13.4 (2.4)bc* 0.48 
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All variables are presented as means (SD). Statistical significance for the main effect was assessed using ANOVA. Bonferroni (Dunn) t-test was used to assess 

differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups.  

CRF = cardiorespiratory fitness; 20mSRT = 20-m shuttle run test; BMI = body mass index; CSAPPA = Children’s Self-Perception and Adequacy in and 

Predilection for Physical Activity; CAPL = Canadian Assessment of Physical Literacy. 

 

*p<0.001 for main effect; 
a 
p<0.05 for 2 vs 1; 

b 
p<0.05 for 3 vs 2; 

c 
p<0.05 for 3 vs 1. 
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Table 6 Tertiles of cardiorespiratory fitness across components of physical literacy for 12 year-old boys and girls. 
 Boys (n=531) Girls (n=526) 

 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 1-low CRF 2-medium CRF 3-high CRF Cohen’s d 
20mSRT (# laps) 12.5 (3.9) 26.6 (4.9) 51.9 (13.1)  12.5 (3.0) 21.0 (2.9 39.0 (10.9)  

Physical literacy         
Total CAPL score 55.5 (12.0) 66.7 (11.3)a 73.3 (10.2)bc* 1.60 58.5 (10.7) 64.7 (10.0)a 71.7 (10.3)bc* 1.26 

Physical competence domain         
Total domain score 18.4 (4.0) 22.2 (3.5)a 25.1 (2.8)bc* 1.94 19.5 (3.9) 21.9 (3.8)a 24.8 (3.4)bc* 1.45 

Sit and reach score (cm) 22.3 (8.1) 24.3 (7.7) 25.2 (7.6)c* 0.37 31.3 (9.0) 31.1 (8.6) 33.4 (8.8)* 0.24 

Handgrip score (kg) 39.5 (11.6) 42.9 (9.7)a 46.0 (11.1)bc* 0.57 38.6 (11.4) 40.0 (8.9) 42.5 (8.7)c* 0.39 

Plank score (sec) 42.3 (21.4) 65.9 (34.1)a 87.5 (41.9)bc* 1.36 44.3 (23.6) 57.1 (35.5)a 93.9 (58.7)bc* 1.11 

BMI (kg/m2) 21.8 (5.1) 19.9 (3.9)a 18.1 (2.4)bc* 0.93 21.6 (4.8) 20.0 (3.8)a 18.6 (2.5)bc* 0.78 

Waist circumference (cm) 76.5 (14.2) 70.8 (9.9)a 66.0 (6.4)bc* 0.95 74.9 (11.5) 71.2 (10.8)a 67.9 (7.6)bc* 0.72 

CAMSA score 29.8 (5.8) 34.3 (4.3)a 37.0 (3.4)bc* 1.52 30.4 (5.3) 33.3 (4.1)a 35.6 (4.4)bc* 1.07 

Daily behavior domain         
Total domain score 14.4 (7.8) 18.3 (8.0)a 20.3 (8.0)bc* 0.75 15.1 (7.6) 17.1 (7.6) 19.6 (7.4)bc* 0.60 

Average daily step counts 10080 (3441) 12132 (4337)a 13837 (4457)bc* 0.94 9048 (2683) 9851 (2948) 11132 (3251)bc* 0.70 

Self-reported screen time 
(h/day) 

3.6 (2.3) 2.8 (1.8)a 2.6 (1.9)c* 0.47 3.0 (1.9) 2.5 (1.9)a 2.1 (1.5)c* 0.52 

Average days meeting the 
guidelines 

4.4 (2.1) 4.9 (1.8)a 5.6 (1.7)bc* 0.63 4.4 (1.7) 4.8 (1.9)a 5.4 (1.5)c* 0.62 

Motivation and confidence 
domain 

        

Total domain score 11.0 (3.5) 12.7 (2.8)a 14.4 (2.1)bc* 1.18 11.2 (2.9) 12.2 (2.6)a 13.5 (2.3)bc* 0.88 

CSAPPA adequacy score 4.3 (1.1) 4.9 (0.9)a 5.3 (0.6)bc* 1.13 4.3 (0.9) 4.6 (0.9)a 5.1 (0.8)bc* 0.94 

CSAPPA predilection score 4.2 (1.2) 4.9 (1.0)a 5.3 (0.7)bc* 1.12 4.4 (1.1) 4.8 (1.0)a 5.1 (0.8)bc* 0.73 

Benefits and barriers ratio 1.3 (1.4) 1.5 (1.2) 2.1 (1.0)bc* 0.66 1.2 (1.2) 1.5 (1.1) 1.8 (1.0)c* 0.54 

Activity levels compared to 
peers 

0.6 (0.2) 0.7 (0.2)a 0.8 (0.1)bc* 1.27 0.6 (0.2) 0.7 (0.2) 0.8 (0.2)bc* 1.00 

Skill level compared to peers 0.6 (0.3) 0.7 (0.2)a 0.8 (0.2)bc* 0.79 0.6 (0.2) 0.6 (0.2)a 0.7 (0.2)bc* 0.50 

Knowledge and understanding 
domain 

        

Total domain score 11.6 (2.8) 13.1 (2.4)a 13.4 (2.3)c* 0.70 12.4 (2.7) 13.2 (2.4)a 13.6 (2.2)c* 0.49 

CAPL questionnaire score 11.6 (2.8) 13.1 (2.4)a 13.4 (2.3)c* 0.70 12.4 (2.7) 13.2 (2.4)a 13.6 (2.2)c* 0.49 
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All variables are presented as means (SD). Statistical significance for the main effect was assessed using ANOVA. Bonferroni (Dunn) t-test was used to assess 

differences between groups. Cohen’s d was used to calculate the effect size between the low and high CRF groups.  

CRF = cardiorespiratory fitness; 20mSRT = 20-m shuttle run test; BMI = body mass index; CSAPPA = Children’s Self-Perception and Adequacy in and 

Predilection for Physical Activity; CAPL = Canadian Assessment of Physical Literacy. 

 

*p<0.001 for main effect; 
a 
p<0.05 for 2 vs 1; 

b 
p<0.05 for 3 vs 2; 

c 
p<0.05 for 3 vs 1. 
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FIGURE CAPTION 

 

Figure 1 Percentages of Canadian boys and girls with healthy cardiorespiratory fitness 

using the interim international standards [16]. Data are presented as % and standard 

deviations.  
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Figure 1 
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Abstract 
 

We review the evidence that supports cardiorespiratory fitness (CRF) as an important 

indicator of current and future health among school-aged children and youth, 

independent of physical activity levels. We discuss the merit of CRF measurement for 

population health surveillance and propose the development of CRF guidelines to help 

support regional, national, and international surveillance efforts. 
 

 

Summary 
 

The assessment of cardiorespiratory fitness among children and youth is an important 

and feasible measure for population health surveillance. 
 

 

Key Points 
 

- The measurement of cardiorespiratory fitness (CRF) provides a feasible way to 

study the link between physical activity and health among children and youth at 

the population level. 

- The surveillance of CRF is a favourable approach to understand and monitor the 

health of children and youth within and between countries. 

- The measurement of CRF could provide novel surveillance opportunities in 

scientific research, physical education and clinical settings. 

- The development of CRF guidelines could help support future surveillance efforts 

at the national and international levels. 
 

 

Key Words 
 

Monitor, Physical Activity, Aerobic, Pediatric, Health, Populations, Public Health 
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INTRODUCTION 

Worldwide, the average life expectancy at birth increased from 61.7 years in 1980 to 71.8 years 

in 2015 (1). This improvement has not been matched with equivalent gains in healthy life 

expectancy (i.e., life expectancy in good health without non-communicable disease [NCD] and/or 

disability) creating a situation where individuals are now living longer with comorbidities and 

disabilities (2). This reality and resulting need for costly treatments has created financial strain on 

health care systems and economies across the world. The World Economic Forum has estimated 

that current NCD projections will result in a cumulative US$47 trillion in lost economic 

production and health care costs worldwide between 2011 and 2030 (3). Physical activity (PA) 

and cardiorespiratory fitness (CRF) represent important modifiable risk factors that have been 

linked to preventing the global burden of NCD from coronary heart disease, type 2 diabetes, 

breast and colon cancer (4–6). As a result, there is a need to shift toward a cost effective, 

population-based, NCD prevention paradigm through effective interventions and policies that 

promote healthy active living.  

 

Research demonstrates that many NCD risk factors manifest in childhood (7), suggesting that 

NCD prevention initiatives should begin during these years. In several countries there is evidence 

of temporal declines in certain PA domain (i.e., active transport, physical education, and 

organized sports [8–10]), PA across the life course (11), CRF levels (12), strength (13), and 

increases in sedentary behaviors and screen time (14) among children and youth over recent 

decades — supporting the need for health promoting policies and interventions to help reverse 

these deleterious trends. It has been argued that a key component of a national strategy to deal 

with NCD burden is a sustainable population health surveillance system that can quantify and 

monitor NCD risk and the associated determinants (15). Surveillance systems are especially 

important in guiding and evaluating health promoting policies and interventions.  



 

110 

 

 

Among children and youth, the surveillance of PA levels has emerged as a primary measure to 

track and compare pediatric health across regions, countries and cities (16). It is possible that the 

elevation of PA to a primary surveillance indicator was partly attributable to the development and 

distribution of PA guidelines that provided recommendations on the amount of PA needed for 

health promotion. While the importance of PA has been recognized in surveillance efforts, the 

same cannot be said for CRF, despite the fact that the CRF level of children and youth is an 

important indicator of current (17) and future health (18), independent of PA (19). Indeed, it has 

been suggested that CRF should be included as a measure for national and international health 

surveillance efforts in young individuals, similar to the surveillance of PA (20–22). Thus, the 

objective of this review was to examine the utility of the 20m shuttle run test (20mSRT) — a 

feasible, valid (23–25) and reliable (26–28) field-based measure of CRF in children and youth — 

as a population health surveillance indicator. We start by discussing the importance of CRF as a 

measure of health among children and youth. We then discuss novel strategies for CRF 

surveillance, including the importance of establishing guidelines as an effective knowledge 

translation tool at the population level. Finally, we provide recommendations that may help 

progress the international utility of CRF as a population health surveillance indicator.  

 

CARDIORESPIRATORY FITNESS AND PHYSICAL ACTIVITY 

In 1994, Bouchard and Shephard published a conceptual model that described the relationships 

among health-related fitness, PA and health for adults (29). Our modified model for children and 

youth, as illustrated in Figure 1, describes PA as a behavior that takes place during active play, 

organized sport, active transportation, and school-based activities. PA behaviors are closely 

interconnected with a variety of health-related fitness traits that include but is not limited to CRF 

(i.e., morphological, muscular, motor, and metabolic). The strength of the relationship between 
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habitual PA and CRF has often been characterized as small to moderate, although the strength of 

the relationship improves when higher PA intensities are isolated (30, 31). Both PA and CRF are 

influenced by heredity, other lifestyle behaviors such as diet, personal attributes such as age and 

gender, and exposures to physical and social environments.  

<<< Insert Figure 1 here >>> 

 

Among adults, the surveillance of wellness, morbidity and mortality provide important health 

outcomes, and allow for vital data to help inform and guide healthy public policy. However, 

among children and youth, the surveillance of lifestyle-related NCDs (e.g., type 2 diabetes, 

ischemic heart disease) and related deaths are not common practice because these are rare 

conditions (32). Rather, surveillance in the pediatric population focuses on risk factors for NCDs, 

such as obesity, and their upstream determinants, such as PA and to a lesser extent, CRF.  

 

Note: the remainder of this section is not meant to be an in-depth review of measurement, but 

rather a broad overview of how measurement relates to population-based surveillance. 

 

Cardiorespiratory Fitness Measurement 

CRF is described as a trait that represents the ability to deliver oxygen to the muscles and to 

utilise it to produce energy to support muscle activity during physical activity and exercise 

(20,33). The measurement of CRF has an extensive history and is likely one of the most widely 

reported physiological variables in the field of pediatric exercise science (34–36), yet our 

understanding of the measurement of CRF remains incomplete. Most measures of CRF are 

objective for children and youth, with only one known subjective measure of CRF (i.e., 

International Fitness Scale [IFIS] [37, 38]). These objective CRF measures can be broadly 

categorized into lab- and field-based assessments (26).  
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Lab-based assessments of CRF using indirect calorimetry provide a valid measure of peak 

oxygen uptake (𝑉̇O2peak), which is considered the gold standard measure of CRF in children and 

youth. In young populations 𝑉̇O2peak is often used instead of 𝑉̇Omax to describe a maximal effort 

because these populations don’t often attain the same plateau in oxygen uptake seen adults (39). 

The measurement of 𝑉̇O2peak is an important physiological variable that can be calculated in 

absolute terms as L·min
–1

 values, or in relative terms, typically controlled for body mass and 

calculated as ml·kg
–1

·min
–1

values (40). Both calculations produce varying results, however, 

controlling for body mass seems to be preferred given that this method is a stronger predictor of 

health, although fat mass may confound the interpretation of CRF (41,42). Among children and 

youth the use of allometric scaling has also been proposed as a favourable method (43). Since 

lab-based assessments have many limitations, such as the need for expensive equipment, 

specialized human resources, high participant burden, and the time consuming nature of the 

assessments, they are not typically feasible for population-based surveillance.  

 

A variety of field-based assessments have been developed to predict 𝑉̇O2peak (e.g., distance runs, 

endurance shuttle runs), and these field-based assessments provide reasonably accurate estimates 

(25, 26). Of the field-based CRF assessments, the 20mSRT is the most common assessment used 

worldwide. Originally developed in the 1980s by Léger et al. (44,45), the 20mSRT has since been 

used to assess CRF in children and youth across more than 50 countries (12, 26, 46–48), and over 

3 million kids in the US alone (49). In the 20mSRT participants are asked to run back and forth 

between shuttles (i.e., two parallel lines 20 m apart) following a repeated audio signal beep that 

begins at pace of 8.5 km·h
-1

 and increases by 0.5 km·h
-1

 every stage (i.e., 1-minute duration) 

(44,45). The number of shuttles a child is able to complete provides an estimate of their CRF. The 

20mSRT assessment is appropriate for population-based surveillance for a number of reasons 
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including the flexibility of testing environments (indoor, outdoor, small testing area), simplicity 

of testing procedures, easily interpretable results, no need for specialized human resources, low 

cost, and ability to test large groups of children simultaneously with relatively low participant 

burden (18, 26). The 20mSRT also demonstrates a moderate-to-high criterion-related validity 

(23–25) and high reliability (26–28), suggesting it is a good field-based measure of CRF. The 

major scientific concern of the 20mSRT is that it does not provide a direct and isolated 

assessment of 𝑉̇O2peak, but rather, performance on the test is likely a combination of multiple 

factors including running economy, 𝑉̇O2 kinetics, fractional utilization of oxygen, fat mass, 

lactate threshold, anaerobic capacity, and psychosocial factors such as motivation, self-efficacy, 

and pacing (26). This suggests that lab- and field-based assessments measure slightly different 

aspects of the CRF construct. Thus, researchers have debated whether 20mSRT performance 

values should be reported as raw values (i.e., laps, stages), or converted to 𝑉̇O2peak (ml·kg
–1

·min
–1

) 

given that the prediction equation applied introduces additional error to the estimate (24, 50, 51). 

To our knowledge, there are at least five published equations available to predict 𝑉̇O2peak using 

20mSRT scores (45, 52–55; Table 1), all of which differ in validity and would produce different 

𝑉̇O2peak estimates, creating a need for consensus on a standardized equation in this field. However, 

as discussed below, the decision to use raw values instead of predicted 𝑉̇O2peak values has 

implications related to health- and performance-related fitness.  

<<< Insert Table 1 here >>> 

 

The use of raw 20mSRT values (i.e., shuttles, stages, running speed [km·h
-1

] at the last completed 

stage) provides the best estimate of CRF-performance, and raw values have been widely used in 

the development of normative-referenced standards (47, 56–63). The use of normative-referenced 

standards to provide an interpretation of 20mSRT scores is a reflection of performance-related 

fitness. Normative-referenced standards provide a relative interpretation of 20mSRT performance 
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by determining centile ranks in comparison with peers of the same age and sex (64), making it is 

possible to identify high, average, and/or low 20mSRT performance. The primary limitation of 

this approach is that normative-referenced standards are not linked to a health outcome. In 

contrast, criterion-referenced standards identify the minimum amount of CRF needed for good 

health, with several different standards emerging in the literature over the past 10 years (64–69). 

Although criterion-referenced standards represent a way to identify the percentage of healthy 

children and youth in a population, a major limitation is that these standards do not readily allow 

for the use of raw 20mSRT performance scores. The reason for this limitation is that the majority 

of criterion-referenced standards have been developed using a variety of lab-based assessments of 

direct and indirect measured 𝑉̇O2peak, resulting in the standards almost always being reported as 

ml·kg
–1

·min
–1 

values. Thus, there is a need to convert 20mSRT scores to a common metric, 

𝑉̇O2peak, or the standards themselves must be converted to 20mSRT raw values. In essence, 

health- and performance-related fitness have emerged as two separate ideologies on how to 

interpret CRF results. However, the use of normative- and criterion-referenced standards is not 

mutually exclusive, and in fact, these approaches complement each other well. Thus, both 

methods could potentially co-exist, and should be reported, in population-based CRF surveillance 

efforts.  

 

HEALTH INDICATORS AMONG CHILDREN AND YOUTH 

The most important feature of a health indicator is that it is favourably and substantially 

associated with health variables of interest (e.g., mental, emotional, cognitive, psychosocial, 

physiological, and physical health). Ideally, a single measure at the population level could 

provide an aggregate measure of pediatric population health. In addition to current health status, it 

is important for health indicators to be predictive of future health. This is especially important in 
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pediatric populations because it could help inform and prepare jurisdictions for the potential 

future burden of disease.  

 

Cardiorespiratory Fitness and Health 

CRF levels are regarded as an important health indicator (17). It is noteworthy that CRF is 

meaningfully associated with health, independent of PA levels, in children and youth (19, 32), 

suggesting that the measurement of CRF provides additional insight into the health of kids above 

which can be provided by PA alone. Recent research has identified that high levels of CRF are 

favourably associated with healthy cardiovascular and metabolic profiles among children and 

youth (66, 70– 72). The strength of the associations appears to be stronger for CRF when 

compared with objective measures of PA levels in children and youth (73, 74). Similarly, several 

studies have shown considerably stronger inverse relationships between CRF and mortality than 

between PA and mortality among adult populations (75, 76). Overall, the measurement of CRF 

seems to provide a good summative indication of the ability of numerous bodily systems and 

organs (e.g., cardiorespiratory, musculoskeletal, endocrine-metabolic, psycho-neurological, 

hematocirculatory) involved in human movement.  

 

The findings discussed in the previous paragraph used a variety of lab- and field-based methods 

to measure CRF. A recent systematic review of literature focused on the associations between 

20mSRT performance and health indicators among school-aged children and youth (77). The 

review identified 142 studies, representing over 300,000 children and youth from 32 countries. 

The results indicated that 20mSRT performance was favorably associated with indicators of 

cardiometabolic, anthropometric, cognitive, and psychosocial health. Furthermore, there was 

limited, but consistent evidence supporting favorable associations between 20mSRT performance 

and self-esteem, quality of life, and mental health (77). The systematic review concluded that the 
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20mSRT is an important indicator of holistic health among children and youth. Those who 

perform better on the 20mSRT have better overall health as compared to those who do not 

perform well.  

 

Cardiorespiratory fitness and future health 

A systematic review of 42 longitudinal studies that assessed the relationship between fitness 

levels in children and future health has provided further insight into the importance of CRF (18). 

The review concluded that there was strong evidence suggesting that high levels of CRF in 

childhood predicts a healthy cardiovascular risk profile (i.e., lower levels of blood lipids, blood 

pressure, and overall and central adiposity) in adulthood. There was moderate evidence 

supporting CRF levels in childhood as a predictor of future metabolic syndrome and arterial 

stiffness. Lastly, moderate evidence supported increases in CRF being inversely associated with 

changes in blood lipids and lipoproteins in adulthood. Furthermore, these results have been 

supported by a large Swedish cohort study of over 700,000 adolescents with a median follow-up 

of 29 to 34 years, which identified that low CRF in adolescence was significantly associated with 

an increased risk of myocardial infarction (76) and early mortality (77) in adulthood. Together, 

these findings support the notion that CRF levels among children and youth are not only an 

indicator of current health, but also a potential indicator of future population disease burden.  

 

Cardiorespiratory fitness standards 

As described above, there are two different types of standards used to interpret CRF results — 

criterion-referenced and normative-referenced. Of these, criterion-referenced standards provide a 

way to determine the amount of CRF associated with good health (e.g., healthy cardiometabolic 

profile). Recently, a review of criterion-referenced standards for CRF identified 10 different sets 
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of standards for children and youth, all of which produced different percentage estimates of 

children and youth with healthy CRF (64). Consequently, it was recommended that the results 

from a meta-analysis of seven criterion-referenced standards could be used as interim 

international criterion-referenced standards. The findings highlighted that boys and girls (aged 8–

18 years) should attain the minimum standards of 42 and 35 ml·kg
–1

·min
–1

, respectively, as 

anything below these standards should raise a red flag (67). Although a recent Canadian study 

applied these international standards in children aged 8–12 years and identified that nearly all 

Canadian girls have healthy CRF, whereas the percentage of boys with healthy CRF declined 

substantially with age (80). Thus, it is possible that these results highlight a limitation of the 

standards, which may be a result of using a single sex-specific standard for all age groups with 

only cardiometabolic criterions. As a result, there is a need for more research in this area. 

 

International normative-referenced standards have been developed using a sample of 1,142,026 

children and youth, representing 50 different countries (47). These standards provide a way to 

determine how children and youth perform on the 20mSRT compared to their peers by 

identifying their percentile rank. These types of standards, whether international (47) or national 

(56–63), could help complement criterion-referenced standards, especially in younger children of 

whom most probably have a healthy cardiometabolic profile, equating to high percentages with 

healthy CRF (64, 80). Together, criterion- and normative-reference standards could be used in 

research, physical education and clinical settings to screen for pediatric populations at risk of 

poor health and to compare the health of children and youth across various jurisdictions.  

 

POPULATION-BASED SURVEILLANCE UTILITY  

The implementation of effective population-based surveillance at the national and international 

level could provide insight into the effectiveness of broad public policy and interventions aimed 
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at improving health. There are two analytical strategies available to help optimise the use of 

surveillance data. First, data could be compared across jurisdictions at similar time points to help 

identify healthy and unhealthy populations. As a result, policy-makers in regions with unhealthy 

populations could learn and take similar policy-based approaches as comparable healthy 

populations. Second, repeated measures in the same population could identify temporal trends in 

health. Indeed, temporal trends may help monitor the impact of implemented policies aimed at 

improving health in a population, and they could help predict the health of future generations. It is 

also beneficial to compare similar health temporal trends across jurisdictions, although these 

analyses are complex and not common.  

 

Comparisons of Surveillance Measures across Countries 

Recently, a published study provided a comparison of 20mSRT performance across 50 countries, 

which currently represents the largest international effort to compare CRF levels among children 

and youth. Results from this study indicated that children and youth from countries in Northern 

Europe and Africa were the best 20mSRT performers, whereas those from South American 

countries were generally the worst 20mSRT performers (81). These findings were based on a 

systematic review and analysis of pooled aggregate 20mSRT results from 177 published studies, 

representing a fairly comprehensive surveillance effort. By comparing these results with more 

complex PA surveillance efforts, it is possible to identify the accuracy of these results given the 

interconnected relationship between CRF and PA (30).  

 

An approach used to help understand differences in the PA levels of children and youth across 

countries is through the Active Healthy Kids Global Alliance’s report cards on the physical 

activity of children and youth global matrix project (82). Through this project, researchers across 

countries cooperate to review and synthesize recent data on country-based PA levels among 
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children and youth using harmonized methods. As a result, this project has produced report cards 

for 38 countries that have helped identify patterns of low PA levels in some Asian, North 

American and South American countries, and higher PA levels in some Northern European, 

Oceanic and African countries (82). These results are consistent with findings from the recent 50-

country comparison of 20mSRT performance scores among children and youth (81). 

 

Nationally representative objective measures of PA levels among children and youth are rare and 

only available for a few high-income countries (i.e., parts of North America, Europe, and 

Oceania). The International Children’s Accelerometry Database (ICAD) is a data sharing project 

that has generated the largest dataset of objective estimates of PA among children and youth (83). 

Results from ICAD across 10 countries support findings that PA levels are higher among children 

and youth in Northern European countries when compared with their counterparts in North 

America (84). Objective measures of PA are also available for over 3,000 youth from 10 

European countries through the Healthy Lifestyle in Europe by Nutrition in Adolescence 

(HELENA) study. The HELENA study demonstrated a European gradient where youth from 

Northern European countries were more active than their Southern European counterparts (85, 

86). This result was replicated for CRF using 20mSRT scores available from 23 European 

countries (81). Another analysis using HELENA data found that differences in CRF across 

European countries were attenuated when controlling for PA levels, highlighting the 

interconnected relationship between CRF and objectively measured PA (85). Together, these 

findings suggest that 20mSRT scores provide a fairly accurate reflection of objectively measured 

PA at the population level. Thus, if measuring PA using objective methods is not possible due to 

financial, economic or human resource constraints, the measurement of CRF using the 20mSRT 

and analyzed with health- and performance-related methods could be a feasible alternative. Using 

the 20mSRT for surveillance of population health would be particularly important in low- and 



 

120 

 

middle-income countries given that these countries may be in the midst of a physical activity 

transition, which may forecast future health consequences (81, 87). Furthermore, in countries 

with established objective PA surveillance systems (e.g., Canada, USA, UK), the addition of CRF 

surveillance would be valuable because CRF predicts health independent of PA, and this would 

therefore, provide additional information on health above and beyond what can be obtained by 

measuring PA alone.  

 

Temporal Trends in Surveillance Measures 

Temporal trends using consistent objective measures of PA over several years are only available 

in some high-income countries (e.g., Japan [88], Czech Republic [89], Canada [90], Sweden [11, 

91]), but not internationally. This is partly because the methods used to measure PA have 

changed considerably over the years, and the use of accelerometers and other objective measures 

in the surveillance of pediatric PA levels is relatively new. Furthermore, temporal trends using 

subjective PA measures could be problematic because the bias associated with these measures 

may have systematically changed over time. Given that CRF assesses an individual’s 

physiological response to their total PA profile, the best approach to fully understand trends in PA 

in most countries and globally is probably through the assessment of CRF using the widely 

adopted 20mSRT field-based assessment test. The 20mSRT has been conducted using similar 

protocols since its inception, providing a way to calculate consistently reported temporal trend 

data. Thus, trends in CRF using the 20mSRT can be dated back to the late 1980s, with a study 

published in 2003 having reported an average global decline in performance of 0.43% per annum 

across 129,882 children and youth from 11 countries (48). A follow-up study using an updated 

dataset to the 2003 study compared 20mSRT performance of 965,264 children and youth from 19 

countries between 1981 and 2015 (92). The included countries represented high-income and 

upper-middle-income countries supporting the need for more data in low- and middle-income 
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countries. The study results suggested that time trends in CRF were not uniform across countries 

with all but two countries (Japan and Brazil) demonstrating declines in recent decades. However, 

a general slowing of the decline existed amongst most countries where temporal trends in CRF 

seem to have stabilized, at least in high-income and upper-middle-income countries, in recent 

years (92). This finding is encouraging and may suggest that the plethora of interventions and 

policies implemented in these countries might be having an impact on slowing the decline in 

childhood CRF levels. Nevertheless, there remains a need to explore new policies and 

interventions aimed at improving CRF and PA levels in these populations — insight that Japan 

and Brazil might be able to provide.  

 

NOVEL POPULATION HEALTH SURVEILLANCE STRATEGIES 

The measurement of CRF (i.e., 20mSRT) is cost-effective and would be easy to administer at the 

population level. As a result, CRF surveillance provides several opportunities in the scientific 

research, physical education and clinical settings. 

 

The Scientific Research Setting 

An important issue in 20mSRT research is that three known protocol variants are extant, and 

results can be reported in multiple performance metrics (48). Although data conversion 

techniques are available (47), they are time consuming and problematic. It is important that 

researchers report 20mSRT results following the Tomkinson recommendations to improve data 

commensurability (47). To achieve this goal, a recent publication has recommended the 

development of an online 20mSRT data repository where researchers around the world can share 

their 20mSRT data in a consistent way in order to help improve surveillance efforts (81). In 

return, the website (www.activehealthykids.org/kids-fit-guide/) would compute a results sheet 
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comparing the participants’ performance to national and international normative-referenced and 

criterion-referenced standards, providing the researcher with valuable analytical support. These 

data would be securely stored and used to improve CRF surveillance efforts by updating regional, 

national and international CRF trends, cross-country comparisons and normative-referenced data. 

In addition, the database would provide rich data for researchers worldwide to analyze and use in 

their respective research projects. Being free and simple to use, this data repository could help 

bridge the gap in surveillance efforts in low- and middle-income countries. The website is 

currently under construction in preparation for its official launch in early 2018.  

 

The Physical Education Setting 

The school setting remains one of the most promising locations to implement consistent national 

and international surveillance for school-aged children and youth (93). School-based surveillance 

efforts could also be considered an effective population-based intervention. For instance, the 

commitment to consistent periodic surveillance surveys places importance and develops a 

‘conversation’ around particular measures. This is evident in school settings where national 

standardized testing in some countries reinforces the importance of certain academic skills over 

others. Although the 20mSRT has been used successfully in the school setting for years, only a 

few countries and jurisdictions have committed to CRF surveillance in schools (e.g., Hungary [9], 

certain States in the US [49], South Korea [95], Japan [96], China [96]). Of these countries 

Slovenia provides a good example of how fitness surveillance can lead to improved health.  

 

Slovenia collects national CRF and other fitness data for all children and youth (aged 6–19 years) 

through a surveillance initiative called SLOfit (97). The SLOfit initiative has been mandatory for 

all primary and secondary schools for more than 30 years. Through mandatory annual 

surveillance of standardized fitness measures researchers and policy-makers were able to identify 
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a declining trend in youth fitness from 1990 to 2010. To mitigate this trend, Slovenia 

implemented a national health promoting PA intervention called Healthy Lifestyle in the school 

year (2010/2011), which provided children and youth with two optional additional hours of PA 

per week. As a result, the fitness levels of Slovenian children and youth have steadily improved 

since 2011. Furthermore, a recent report compared PA levels across 38 countries (representing six 

continents) and reported that Slovenia was ranked number one in overall national PA levels 

among youth (81). The Slovenia case-study highlights the importance of surveillance in guiding 

and monitoring the impact of health promoting interventions and policies — an example that 

other countries could adopt.  

 

The Clinical Setting 

In adults, the use of CRF assessments in clinical settings have been proposed by the American 

Heart Association as an important vital sign that could help improve patient risk classification for 

adverse health outcomes and provide a better way to inform patient management (5). Similar to 

adults, the use of CRF assessments in children and youth could be used as a clinical vital sign in 

at-risk patients (e.g., obesity, diabetes mellitus, heart conditions, etc.) to help improve risk 

classification, monitor changes in health status, and help prescribe evidence-informed lifestyle 

management. The 20mSRT is a maximal assessment that is not recommended for at-risk patients, 

thus, less valid submaximal tests  the YWCA submaximal bicycle test (98), PWC170 (99), child 

adapted Astrand-Ryhming test (100), mCAFT (101), and HALO submaximal treadmill test (102) 

could be used for these populations to provide a measurement of CRF. The consistent collection 

and reporting of CRF data for at-risk children and youth, in addition to other health measures, 

could provide valuable surveillance data for scientists to research the link between changes in 

CRF and health outcomes in these populations. This approach also lends itself well to the current 
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ACSM Exercise is Medicine movement (103) by providing clinicians with a way to objectively 

monitor PA levels in their patients through the measurement of CRF. 

 

IMPORTANCE OF GUIDELINES FOR PUBLIC HEALTH 

The development and distribution of guidelines provides a method to set a benchmark that is 

widely accepted and easily communicated across all sectors of the population. Given that CRF is 

a holistic indicator of health among children and youth that has strong utility for population-based 

surveillance, developing public health guidelines may be a beneficial approach to help advance 

CRF surveillance. 

 

Cardiorespiratory Fitness Guidelines 

The interim international criterion-referenced standards of 42 and 35 ml·kg
–1

·min
–1 

for boys and 

girls aged 8–18 years (67), respectively, represent the best available CRF standards with which to 

identify children and youth with good health despite there being a need for more research. The 

interim standards have been converted to 20mSRT laps and the corresponding international 

percentages of children and youth that meet the standards have been estimated (Table 2). In 

addition, the international normative-referenced standards could be used to establish cut-points 

for low, medium, and high 20mSRT performance to complement the criterion-referenced 

standards (47; Table 3). Combined, these 20mSRT values currently represent the best available 

evidence from which to build CRF guidelines among children and youth.  

<<< Insert Tables 2 and 3 here >>> 

 

The development of CRF guidelines could provide many benefits. For instance, CRF guidelines 

could be an effective knowledge translation tool to communicate the importance of CRF for 
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current and future health. The guidelines would help support surveillance efforts by 

communicating the minimum level of fitness needed for good health, similar to the PA 

guidelines. These guidelines would be effective for screening initiatives in the school and clinical 

settings to identify those at risk of poor health. Screening efforts could help identify those who 

need support in increasing PA levels through exercise prescription and/or lifestyle management. 

Furthermore, the establishment of an online 20mSRT CRF data repository would allow for the 

guidelines to be progressively assessed and modified as emerging evidence is collected. 

 

How to Meet the Cardiorespiratory Fitness Guidelines 

Although CRF has an important genetic component (30), it has been described as a reflection of 

an individual’s PA participation in recent weeks or months (104). Research supports the notion 

that regular PA, especially at moderate and vigorous intensities, could produce a significant 

response in CRF levels. More specifically, a 12-week training program can induce an 8–9% (~20 

normative-referenced percentile points) increase in CRF among children and youth independent 

of sex, age and maturation (33). Thus, it is likely that those who do not meet the CRF guidelines 

are not physically active enough to support a healthy CRF level. As a result, when screening 

pediatric populations using the CRF guidelines, it would be reasonable to prescribe PA guidelines 

to those with low CRF as a way to improve health, and to encourage continued PA in those with 

good CRF to maintain health. In addition, it is important to encourage healthy lifestyle choices to 

maintain healthy body weight and avoid excess body fatness (42). This approach could also serve 

as an important education tool to highlight the importance of PA and to track progress through 

CRF levels.  
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PERSPECTIVES FOR PROGRESS 

In order to develop and expand CRF surveillance initiatives there are several priority areas for 

future research: 

1. This review provides an opinion that developing CRF guidelines could be an important 

strategy to help advance public health knowledge and research on CRF. Because this 

opinion may lack consensus throughout the public health and research communities, it 

would be important to develop a consensus statement on CRF guidelines. 

2. This review demonstrates the importance of the 20mSRT as an indicator of current and 

future health among children and youth. Given the lack of temporal data among children 

and youth in low- and middle-income countries (parts of South America, Africa, and 

Asia) there is a need for coordinated efforts to measure the current state of CRF in these 

countries and worldwide. This could be carried out through an international survey on the 

20mSRT performance of children and youth. These data would be vital for identifying 

populations in poor health and at-risk of potential elevated disease burden in the future, 

as well as for monitoring trends over time.  

In conclusion, we recommend a paradigm shift that includes CRF surveillance among children 

and youth. CRF surveillance could supplement current PA surveillance, and in some cases CRF 

could replace the surveillance of PA, especially in countries with financial, human resource 

and/or economic constraints. Furthermore, the population-based measurement of CRF could 

provide a method to better understand the link between PA levels and health among children and 

youth at the population level. In order to expand the utility of CRF surveillance there is a need to 

establish clear CRF guidelines to provide a uniform interpretation of CRF among children and 

youth. The use of consistent and periodic CRF surveillance could help guide and evaluate health 

promoting policies and interventions aimed at reducing NCD burden and improving overall 

health in the population. Perhaps sufficient investment in CRF surveillance could be the first step 
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toward increasing healthy life expectancy where people can live longer without NCDs and 

disability — bridging the gap between increasing life expectancy and healthy life expectancy.  
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Table 1 20mSRT prediction equations to estimate 𝑽̇O2peak in children and youth. 

Citation  

(publication year) 

Sample Country Equation to estimate 𝑉̇O2peak 

Léger (‎43; 1988) 188 boys and girls, 

aged 8–19 years 

Canada 𝑉̇O2peak = 31.025 + 3.238·S – 3.248·A + 

0.1536·S·A  

Barnett (‎50; 1993) 27 boys, 28 girls, 

aged 12–17 years 

Hong 

Kong 
𝑉̇O2peak = 25.8 – 6.6·G1 – 0.2·W + 3.2·S 

𝑉̇O2peak = 24.4 – 5.0·G1 – 0.8·A + 3.4·S 

Matsuzaka (‎51; 

2004) 

62 boys, 70 girls, 

aged 8–17 years 

Japan 𝑉̇O2peak = 25.9 – 2.21·G1 – 0.449·A – 

0.831·BMI + 4.12·S 

Mahar (‎52; 2006) 61 boys, 74 girls, 

aged 12–14 years 

USA 𝑉̇O2peak = 47.438 + L·0.242 + G2·5.134 - 

W·0.197 

Ruiz (‎53; 2008) 122 boys, 71 girls, 

aged 13–19 years 

Spain Artificial neural network equation available: 

http://www.helenastudy.com/scientific.php 

Note: S = running speed (km·h
-1

) at the last completed stage; A = participant’s age at last 

birthday; G1 = gender (male = 0, female = 1); W = body weight (kg); BMI = body mass 

index (kg/m
2
); L = number of laps completed; G2 = gender (female = 0, male = 1)  
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Table 2 20mSRT minimum recommended standards of 42 and 35 ml·kg
–1

·min
–1 

for boys 

and girls, respectively. Data available from Ruiz et al. (‎65). 

Age 
(years) 

Boys  Girls 

No. of 
completed 
20mSRT 
laps 

Running 
speed 
(km·h-1) 

International 
percentage 
(%) meeting 
standards a 

 No. of 
completed 
20mSRT  
laps 

Running 
speed 
(km·h-1) 

International 
percentage 
(%) meeting 
standards a 

8  7  8.5    7  8.5  
9  15  9.0 93.0   7  8.5 99.9 
10  15  9.0 87.2   7  8.5 99.6 
11  23  9.5 78.5   7  8.5 98.6 
12  31  10.0 72.3   7  8.5 93.9 
13  40  10.5 70.3   15  9.0 88.3 
14  40  10.5 62.8   15  9.0 78.6 
15  49  11.0 62.3   23  9.5 67.2 
16  49  11.0 56.2   31  10.0 54.1 
17  59  11.5 51.7   31  10.0 43.6 
18  59  11.5    40  10.5  
a 
Percentage data for 9–17 year olds available from Lang et al. (‎62).  
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FIGURE CAPTION 

 

Figure 1 Modified version of Bouchard and Shephard’s health-related fitness, physical 

activity and health model (‎29). Reproduced with permission. 
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Figure 1 
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CHAPTER 8:  GENERAL DISCUSSION 

 

The overarching purpose of this dissertation was to investigate the utility of 

cardiorespiratory fitness (CRF), measured using the 20 m shuttle run test (20mSRT), as a 

holistic health indicator for population surveillance among school-aged children and 

youth. To achieve this purpose I conducted seven studies that fit into one of two 

categories: 1) associations between 20mSRT performance and health among children and 

youth; and 2) how the 20mSRT performance of children and youth varies across 

countries to provide up-to-date international surveillance data. Thus, the remainder of this 

chapter will complement the discussion found in Chapter 7 by providing an overview of 

how each Chapter informs these two categories. I will follow by providing an overview 

of the dissertation strengths and limitations, important future research direction, 

suitability for a dissertation in Population Health, and the final conclusions. 

 

8.1 Cardiorespiratory Fitness and Health among Children and Youth 

As described in Chapter 1, this dissertation was guided by a modified version of the 

Bouchard and Shephard’s health-related fitness model, which describes the 

interconnected relationships between physical activity, health-related fitness, heredity, 

other factors, and health (see Figure 1.1).
1
 In the literature review provided in Chapter 2, 

I identified a literature gap informing the association between 20mSRT performance and 

health among school-aged children and youth. Thus, Chapter 3 was included to help 

synthesize the available evidence using a systematic review method. Through this study 
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we identified 142 papers that explored associations between 20mSRT performance and 

health, combining to provide data for over 300,000 children and youth aged 5–17 years. 

We concluded that 20mSRT performance was favourably associated with physical, 

physiological, cognitive, and psychosocial health in these age groups. Thus, children who 

performed better during 20mSRT had better holistic health in comparison with children 

and youth who performed poorly on the test.  

 Next, we identified two methods to interpret 20mSRT performance data: 

normative-referenced and criterion-referenced standards. In Supplemental Manuscript 1 

we applied a systematic review method to identify papers that reported 20mSRT 

descriptive statistics for children and youth aged 9–17 years. We identified and extracted 

data from 177 studies, representing 1 142 026 children and youth from 50 countries. All 

data were standardized to reflect a common protocol (Léger’s 20mSRT
2
) and metric 

(running speed (km/h) at the last completed stage). These data were used to develop 

international sex- and age-specific 20mSRT normative-referenced standards using the 

Lambda Mu and Sigma method.3 Our normative-referenced standards can help children 

and youth identify their centile rank in comparison with their peers, providing an 

interpretation of their overall 20mSRT performance.  

 Chapter 4 helped clarify and provide direction in the use of criterion-referenced 

standards for CRF among children and youth. We conducted a review and identified ten 

sets of criterion-referenced standards, published between 2006 and 2016, and developed 

using samples of children and youth from the Americas or Europe. We used data from 

Supplement 1 to help describe the differences in children and youth with apparently 

healthy CRF while using each of the ten standards. As a result of heterogeneity across 



 

142 

 

studies we highlighted the need to conform to a single set of criterion-referenced 

standards to improve comparability in this area of research. Thus, we recommended the 

Ruiz standards of 35 and 42 mL/kg/min for girls and boys, respectively, developed using 

a meta-analysis method combining results from seven published studies.
4
 

 In Chapter 5 we provided an original research article that aimed to assess the 

associations between CRF, as measured using the 20mSRT, and components of physical 

literacy among Canadian children aged 8–12 years. The secondary aim was to determine 

the percentage of Canadian children with healthy CRF using the Ruiz criterion-

referenced standards.
4
 Results from this study showed clear benefits across all 

components of physical literacy in those who had high CRF, in comparison with those 

who had low CRF. Furthermore, almost all Canadian girls were identified as having 

apparently healthy CRF, whereas the percentage of boys with apparently healthy CRF 

declined with age. These results suggest a potential limitation of the Ruiz standards in 

correctly identifying younger children with healthy CRF, which is likely a result of using 

a single standard for all age groups. Consequently, there is more work needed to refine 

the existing criterion-referenced standards for CRF before they are used to compare the 

health of children and youth within and between countries. 

 

8.2 Cardiorespiratory Fitness as a Population Health Surveillance Indicator 

 In Chapter 1 I described the importance of population health surveillance as a 

means to guide healthy public policy efforts by identifying populations at risk, and to 

monitor and evaluate the effectiveness of implemented policies. To help describe the 

policy process I incorporated the Bauman et al. ecological model which describes the 
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nested environments in which we live (i.e., individual, interpersonal, environment, 

regional or national policy, and global; Figure 1.2).5 Through a top-down mechanism, 

healthy public policy has the potential to influence our environment, interpersonal 

relationships, and our individual health. Likewise, the surveillance of population health 

indicators at the individual level provides valuable data that could help determine 

whether implemented healthy public policies are effective. Thus, I have provided three 

studies in this dissertation that could help inform future national or international CRF 

surveillance systems. 

Both Chapters 6 and Supplemental Manuscript 2 used data gathered through 

Supplemental Manuscript 1. In Chapter 6 we pooled 20mSRT results from 50 countries 

to assess the international variability in 20mSRT performance among children and youth. 

Our results indicated that 20mSRT performance varies substantially worldwide. In 

general, countries from North-Central Europe and Africa were the best 20mSRT 

performers, whereas those from South America were the worst performers. These results 

highlight a need for better policy approaches in some countries to help improve and/or 

protect the health of their young citizens. Indeed, these data could help highlight 

countries with effective policy-based strategies aimed at improving the CRF of children 

and youth.  

In Supplemental Manuscript 2 we report analyses of a subset of the data from 

Supplemental Manuscript 1 to calculate temporal trends in 20mSRT performance from 

19 countries (high- and middle-income) since 1981, representing 965 264 children and 

youth. The results suggest that all but two countries (Japan and Brazil) have experienced 

declining temporal trends in 20mSRT performance. Across countries, the rate of decline 
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in performance has diminished with each decade and recently stabilized near zero. These 

results are encouraging and may suggest that high- and middle-income countries have 

implemented successful healthy public policy to improve the health of children and youth 

in their respective country. However, more work is needed to help children and youth 

improve their overall CRF to levels seen in the 80’s – insight that Brazil and Japan may 

be able to provide.  

Chapter 7 provided a narrative literature review that discussed the state of the 

international health surveillance among children and youth. Using recent literature and 

evidence from this dissertation, we helped make a case for CRF surveillance among 

children and youth. This Chapter provides a detailed dissertation discussion by describing 

how each of the six dissertation manuscripts fit into the broad literature, including the 

implications of our research and future directions. We concluded by highlighting the need 

for consensus on the importance of CRF among children and youth, and we further 

describe how consensus could take place through CRF guidelines.  

  

8.3 Summary of Strengths and Limitations 

There are several strengths and limitations of this dissertation described in detail in 

each of the seven dissertation manuscripts, several of which are summarized below.  

 

 Strengths 8.3.1

The primary strength of this dissertation was the effort to pool 20mSRT data from 

287 unique studies, through two systematic reviews of literature (Chapter 3 and 

Supplemental Manuscript 1). As a result, our work represents well over 1 million 
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children and youth from countries that spans the Human Development Index, and 

represents six of seven continents. To obtain these data we used rigorous systematic 

review methods following standardized procedures. We used the GRADE method to 

analyze quality of the evidence in Chapter 3. To compare data across studies we used 

standardized and rigorous data treatment methods in Chapters 4, 6, and Supplemental 

Manuscript 1 and 2. In these Chapters we also implemented a post-stratification 

population-weighted technique to correct for over- or under-representation across 

countries. In Chapter 5 we analyzed the RBC-CAPL dataset which provided several 

strengths, including harmonized data collection methods, large sample size, and a well-

balanced cross-country Canadian representation. 

 

 Limitations 8.3.2

 The manuscripts herein are not without limitations. The majority of these 

limitations are inherent when pooling data from numerous studies that used different data 

collection methods, sampling strategies, and various sample sizes and characteristics. For 

instance, there may have been unaccounted differences in testing conditions (i.e., indoor 

vs outdoor, elevation, and temperature) across included studies, and study specific 

measurement error may have been present which could have biased our estimates in some 

studies. Furthermore, uncontrolled temporal time trends in 20mSRT performance may 

have biased our estimates in Chapters 4, 6, and Supplemental Manuscript 1, given that 

our mean measurement year was 2000. In Chapter 5 we were unable to identify causal 

relationships because we analyzed cross-sectional data (RBC-CAPL dataset). In all 

studies we used data from convience samples, with a few minor exeptions (e.g., Japan, 
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Hungary), making our results not generalizable to the broad population. As a result, our 

normative-referenced data may not be a true estimate of the international context since 

many countries were not represented and others used small convinence samples. In most 

studies we were unable to control for unmeasured confounders (i.e., socioeconomic 

status, maturation, heredity) which may have influenced our results. In all cases we 

interpret our results using chronological age, however given our age range (9–17 years 

old) using maturational age may have provided different results by accounting for youth 

who developed early or late compared with their peers. In addition, the 20mSRT is a 

maximal test to assess CRF which might be stigmatized in certain populations resulting 

in elevated non-response bias. This may have resulted in the ‘best’ performers 

participating in the test, whereas those who are not good at the 20mSRT choosing not to 

participate. This potential non-response bias may have had a large impact on our cross-

country comparison of 20mSRT performance in Chapter 6. Finally, there may have been 

systematic error in underestimating VO2peak when using the Léger equation across 

studies.  

 

In addition to these study specific limitations, there are several limitations inherent in 

using normative- and criterion-referenced standards. First, temporal trends in 20mSRT 

performance and health indicators among children and youth would result in the need to 

consistently update these standards. Second, the standards are only as good as the quality 

of the underlying data, suggesting that there is a need for large representative samples 

when calculating standards. Third, the use of normative-referenced standards may 

discourage those with poor performance while encouraging those who already have high 



 

147 

 

CRF levels. Fourth, the normative-referenced standards do not provide an indication of 

health. Last, criterion-referenced standards provide a dichotomous or categorical 

interpretation of results which eliminates or reduces our understanding of the distribution 

of performance across the sample.  

 

8.4 Summary of Important Future Directions 

 Throughout the manuscripts incuded in this dissertation we provide future 

research directions. However, there are three specific areas for future research identified 

as important, and described in detail below: 

1. There is a need for consensus on the importance, and how to best define healthy 

levels of CRF in childhood and adolescence. One important step needed to attain 

consensus is to develop CRF guidelines for children and youth, as described in 

Chapter 7. This could be achieved through a consensus statement that brings 

together an international expert panel of researchers and public health officials, 

which could serve as the basis for future CRF guidelines in these populations.  

2. As described in Chapter 6 and 7, there is a need for consistent 20mSRT reporting 

standards to facilitate international pooling of data for surveillance purposes. To 

attain homogeneity in this field of research there is a need to develop an 

international 20mSRT data repository where researchers worldwide can share 

their data through a free and easy to access website. This type of a website could 

serve as an international CRF surveillance system, and it could be used to further 

advance the importance of CRF for health in children and youth.  
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3. There is a need to collect recent 20mSRT data in low- and middle-income 

countries (e.g., parts of Africa and Asia). These data would help update temporal 

trend data for these countries, providing more insight into the potential 

epidemiological transition seen in some countries.   

 

8.5 Suitability for a Doctoral Dissertation in Population Health 

Through this dissertation I demonstrated many skills and abilities that are integral 

criteria for a doctoral dissertation in population health. I critically appraised the CRF 

literature and identified several important research gaps, and followed by developing a 

combination of studies that aimed to fill these gaps through unique contributions to the 

literature. A skill that I demonstrated was the capability of developing and managing 

large datasets, and using these datasets to answer specific research questions. I also 

demonstrated the ability to synthesize a large body of literature, using systematic 

methods. Through a variety of secondary data analysis techniques, including Monte Carlo 

simulation and post-stratification population weighted methods I demonstrated my ability 

to carry out population-based research. Several analyses were also carried out using 

primary data with large population-based sample sizes. I was able to interpret the findings 

from my dissertation and link them to future directions aimed at improving population 

health, worldwide. Finally, through peer-reviewed publications in high impact journals 

and several academic conference presentations, I was able to display my abilities to 

disseminate my doctoral research.  
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8.6 Conclusion 

 This dissertation provides the largest effort to date to synthesize research that 

describes the international 20mSRT performance of children and youth. Specifically, it 

aimed to assess the utility of CRF as a holistic health indicator for population surveillance 

among school-aged children and youth. Through four studies we described the favourable 

associations between 20mSRT performance and holistic health among children and 

youth, and through the remaining three studies we described the broad utility of the 

20mSRT as a population health surveillance indicator. The implications of this 

dissertation lie in its ability to potentially inform future international consensus on the 

importance of CRF in childhood and adolescence. More importantly, I hope this 

dissertation can provide a base to advocate for change in the way we monitor the 

population health of children and youth within and between countries. Using established 

CRF surveillance systems, future research could assess the effectiveness of the 20mSRT 

in guiding and evaluating healthy public policy aimed at improving CRF and reducing 

the population burden of non-communicable disease.  
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Supplement 1. Database search strategies. 

*the number in brackets represents the number of studies identified. 

 

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) 

<1946 to Present> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1 shuttle run.mp. (415) 

2 beep test.mp. (3) 

3 physical endurance/ (13383) 

4 Physical Fitness/ (19679) 

5 multi-stage test.mp. (4) 

6 1 or 2 or 3 or 4 or 5 (31546) 

7 6 and (child$ or adolescent).mp. (7253) 

 

Database: Embase Classic+Embase <1947 to 2014> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1 shuttle run.mp. (513) 

2 beep test.mp. (4) 

3 multi-stage test.mp. (5) 

4 endurance/ (14399) 

5 aerobic capacity/ (5560) 

6 1 or 2 or 3 or 4 or 5 (19750) 

7 6 and (child$ or adolescent).mp. (2430) 

 

Database: PsycINFO <1806 to 2014> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1 shuttle run.mp. (89) 

2 beep test.mp. (1) 

3 multi-stage test.mp. (4) 
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4 Physical Endurance/ (403) 

5 Physical Fitness/ (2674) 

6 Aerobic Exercise/ (960) 

7 1 or 2 or 3 or 4 or 5 or 6 (3843) 

8 7 and (child$ or adolescent).mp. (570) 

 

Database: EBM Reviews - Cochrane Database of Systematic Reviews <2005 to April 2014> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1 shuttle run.mp. [mp=title, abstract, full text, keywords, caption text] (2) 

2 physical endurance.mp. [mp=title, abstract, full text, keywords, caption text] (19) 

3 physical fitness.mp. [mp=title, abstract, full text, keywords, caption text] (94) 

4 aerobic fitness.mp. [mp=title, abstract, full text, keywords, caption text] (14) 

5 exercise test.mp. [mp=title, abstract, full text, keywords, caption text] (60) 

6 1 or 2 or 3 or 4 or 5 (139) 

 

Database: SPORTDiscus with Full Text (1965-2014) 

(shuttle run OR beep test OR multi stage test OR fitness test OR endurance OR aerobic capacity) 

AND (child$ OR adolescence) 
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Supplement 3. Sex- and age-specific LMS values for 20 m shuttle run (speed [km.h-1] at the last 

complete stage). 

Age (y) L M S 

boys    

9 1.004 10.033 0.085 

10 1.004 10.128 0.091 

11 1.004 10.249 0.097 

12 1.004 10.467 0.106 

13 1.004 10.734 0.113 

14 1.004 10.964 0.117 

15 1.004 11.129 0.120 

16 1.004 11.268 0.122 

17 1.004 11.413 0.124 

girls    

9 1.045 9.717 0.072 

10 1.045 9.752 0.079 

11 1.045 9.785 0.085 

12 1.045 9.826 0.090 

13 1.045 9.862 0.092 

14 1.045 9.888 0.094 

15 1.045 9.908 0.095 

16 1.045 9.931 0.096 

17 1.045 9.958 0.097 

 

L, skew; M, median; S, coefficient of variation. 

 

The LMS values depict the nature of the age-related distributions for boys and girls and can be 

used to calculate z-scores, and hence percentile values by looking up a z-table, using the 

following formula: 

𝒛 =
(

𝒙
𝑴)

𝑳
− 𝟏

𝑳 ×  𝑺
 

where, z is the z score, x is the 20mSRT running speed at the last complete stage, L is the sex- 

and age-specific L-value, M is the sex- and age-specific M-value, and S is the sex- and age-

specific S-value. 
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Abstract 

Objective: To estimate and compare international temporal trends in the CRF of children 

and youth. 

Methods: Data were obtained from a systematic search of studies that explicitly reported 

20 m shuttle run test descriptive data (a validated measure of CRF) on apparently healthy 

9–17 year-olds. Following the estimation of relative peak oxygen uptake (mL/kg/min), 

sample-weighted temporal trends were estimated at the country-sex-age level using best-

fitting linear or polynomial regression models relating the year of testing to mean CRF. 

Post-stratified population-weighted mean changes in absolute and percent CRF were 

estimated. 

Results: Temporal trends were estimated from 965,264 children and youth from 19 

countries (high- and middle-income) between 1981 and 2014, using data from 137 

studies. Collectively, mean CRF declined by 3.3 mL/kg/min (95%CI: −3.5 to −3.1) or 

7.3% (95%CI: −7.8 to −6.7). This decline was not uniform across the entire period, with 

the rate of decline diminishing with each decade and recently stabilising near zero. The 

rate of decline was larger for boys than girls, and similar for children and youth. 

Temporal trends in CRF differed between countries. 

Conclusions: There has been a substantial decline in CRF since 1981, which is suggestive 

of a meaningful decline in population health and well-being. However, the trend in CRF 

has not followed the anticipated trajectory, by diminishing since 2000 and stabilising 

with almost no change recently. This recent trend may reflect numerous campaigns and 

interventions promoting increased physical activity and sport participation, at least 

among high-income countries. 
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Introduction 

Cardiorespiratory fitness (CRF) is an important marker of good health
1,2

 and is the 

fourth-leading risk factor for cardiovascular disease.
3
 In adults, CRF is strongly and 

independently associated with cardiovascular and all-cause mortality and morbidity,
4,5

 

stroke,
 6

 cancer,
7
 diabetes and many other risk factors and co-morbidities.

8
 A meta-

analysis by Kodama and colleagues
9
 reported that every metabolic equivalent (MET; 3.5 

mL/kg/min) decrease in CRF was associated with a 15% and 13% increase in 

cardiovascular and all-cause mortality, respectively. While meaningful associations 

between CRF and cardiovascular disease risk have been reported in young people,
1,10

 

until recently, the association between CRF and mortality had not been examined 

directly. Two studies, one which followed-up 1.3 million 18 year-old Swedish men for 29 

years,
11

 and another which followed-up 510 16 year-old Japanese girls for 64 years,
12

 

found that low CRF in late adolescence was significantly linked with all-cause mortality 

in adulthood. This evidence highlights the importance of measuring CRF when trying to 

screen and track the health and well-being of children and youth. 

 

While the popular belief is that children’s CRF has declined in recent decades, informed 

debate is divided.
13–15

 Contributing to this divide is that researchers have not always been 

clear on their definition of CRF and the operationalisation of measurement. Gas analysed 

peak oxygen uptake (𝑉̇O2peak) is the criterion measure of children’s CRF,
15

 but it is not 

practical for mass testing. Despite data indicating little change in gas analysed CRF over 

time,
15–18

 our understanding is confounded by pooled data acquired from different 
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ergometers and measurement protocols, and small samples of children who may be 

athletically biased. 

 

Properly conducted field-based CRF testing offers a simple, feasible, practical, reliable 

and valid alternative to gas analysis,
19

 and has been widely used on children and youth. 

Hitherto, the most comprehensive summaries of temporal trends in field-based CRF 

indicate international declines from the mid-1970s to the early 2000s.
13,20

 Data on 

129,882 children and youth aged 6–19 years from 11 countries indicated a decline in 

mean CRF (operationalised as performance on the 20 m shuttle run test [20mSRT]
21

—a 

progressive exercise test involving continuous running between two lines 20 m apart in 

time to recorded beeps) of 4.3% per decade between 1981 and 2000.
20

 In a follow-up 

study, mean CRF (operationalised as distance running and 20mSRT performance) was 

reported to have declined by 3.6% per decade in 25.4 million 6–19 year olds from 27 

countries between 1958 and 2003.
13

 Unfortunately, little is known about current 

international and national trends, because the data coverage in these large summary 

studies extends only to 2003. Furthermore, studies to date have been conducted on 

samples without the use of systematic search strategies to acquire all available data. 

 

The aim of this study was to systematically gather and analyse international and national 

temporal trends in the CRF of children and youth. CRF was operationalised as relative 

𝑉̇O2peak (mL/kg/min) estimated from the 20mSRT, a reliable, valid, and popular field test 

of CRF.
13, 19–21

 Examination of time trends in CRF: (i) provides meaningful insight into 

trends in population health and well-being, (ii) provides an international context from 
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which national trends can be compared, and subsequently (iii) informs population health 

programs, policies and priorities. 

 

Methods 

Data sources 

A systematic literature search was conducted to identify studies that reported descriptive 

20mSRT data on apparently healthy (free from known disease/injury) 9–17 year-olds 

(details described elsewhere).
22

 Briefly, a search of five databases, including MEDLINE 

(1946–2015), PsycINFO (1806–2014), EMBASE (1947–2014), SPORTDiscus (1949–

2014), and the Cochrane Central Register of Controlled Trials (2005–2014), was 

conducted (October, 2015). The search strategy included the terms: shuttle run*, OR beep 

test, OR multi-stage, OR aerobic, OR cardio*, OR endurance; with child*, adolescen*, 

pubescen* boy, girl, young, and youth as search term modifiers. No search restriction 

was placed on language. Studies were included if descriptive data were provided for 

20mSRT performance (1-min stage protocol) at the country-sex-age level. The reference 

lists of all included studies and personal libraries of the authors were reviewed. When 

needed, included study authors were invited to clarify study details, provide raw data, 

and/or asked if they knew of other relevant studies.  

 

Inclusion/exclusion criteria 

Of the 979 studies identified as relevant, 802 studies were excluded as described in 

Figure 1 (details described elsewhere).
22

 Descriptive data from the remaining 177 studies 

were extracted by a single author into a spreadsheet using a standardised template, with 
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data checked and corrected by two authors using procedures reported elsewhere.
22

 Only 

country-sex-age groups that included data across at least two time points spanning a 

minimum of five years were examined. A minimum of five country-sex-age groups (e.g., 

9 year-old Australian boys, 9 year-old Australian girls) was required per country for 

inclusion. This step resulted in the further exclusion of 40 studies, yielding a final dataset 

of 137 studies (Figure 1; Supplement 1). 

<<< Figure 1 >>> 

Data treatment and statistical analysis 

All 20mSRT data were expressed using a common protocol and result metric (running 

speed at the last completed stage, km.h
−1

) using a detailed data standardisation procedure 

reported elsewhere.
 20,22

 The accuracy of this data standardisation procedure is excellent, 

with differences in means calculated using this standardisation procedure, and direct 

calculation from individual final running speeds, <0.5% at the country-sex-age level.
20

 

CRF was estimated by the widely used Léger
21

 prediction equation: 

 𝑉̇O2peak (mL/kg/min) = 31.025 + 3.238 Speed − 3.248 Age + 0.1536 Speed • Age 

where Speed is the running speed of the last completed stage (km.h
−1

) and Age is age at last 

birthday. In a sample of Québec children and youth, this equation had a standard error of estimate of 

5.9 mL/kg/min or 12.1%.
21

 

 

Temporal trends in mean CRF were analysed using an update of the procedure described 

in detail elsewhere.
13,23

 Temporal trends at the country-sex-age level were analysed using 

best-fitting sample-weighted linear or polynomial (quadratic or cubic) regression models 

relating the year of testing to CRF. Changes in mean CRF were expressed as absolute and 

percent changes. Absolute changes (mL/kg/min per year) were calculated as the slope of 
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the regression line, and percent changes (% per year) as the slope of the regression line 

expressed as a percentage of the sample-weighted mean value (a series of slopes on the 

polynomial curves were calculated by differentiation for every included year of testing). 

To interpret the magnitude of change, standardised effect sizes (ES) of 0.2, 0.5 and 0.8 

were used as thresholds for small, moderate and large respectively, with effects <0.2 

considered to be negligible and ≥0.2 considered to be substantial.
24

 Positive changes 

indicated increases in mean CRF and negative changes indicated declines. 

The temporal trends were described as follows: starting with the first year (Y1) covered by 

any study-country-sex-age group, every group including Y1 in its span of years was 

located, with every change (dx1, mL/kg/min or % per year) recorded.
13,23

 This process 

was applied to all years for which change data were available (Y1 ... Yn), yielding a series 

of yearly changes. The post-stratified population-weighted mean yearly change was 

calculated for year (Y1),
25

 which was repeated for Y2, Y3, Y4… until the last year covered 

by any study, Yn. This process yielded a series of population-weighted mean yearly 

changes (dx1, …, dxn) that describe the temporal patterns of change; a process that was 

performed for all children and for different sex, age and country groups. Population 

estimates were standardised to the mean measurement year of 2000 using United Nations 

data.
26

 The post-stratification population-weighting procedure helped to correct the trends 

for systematic bias associated with over- and under-sampling, and to standardise the 

trends to underlying country-sex-age-specific demographics. Temporal trends were 

estimated using best-fitting population-weighted linear or polynomial regression models 

relating the year of testing to the yearly changes, and were graphically illustrated using an 

iterative procedure described elsewhere.
13

 



 

177 

 

 

Results 

Temporal trends in CRF were estimated from 965,264 children and youth aged 9–17 

years from 19 countries (1,408 country-sex-age-year groups) between 1981 and 2014 

(Table 1). These 19 countries represented 6 of 7 continents, approximately 15% of the 

world’s population, and included 17 high-income and two upper-middle-income 

countries.
27

 National surveys provided 64% of all data points, state/provincial studies 

24%, and community studies 12% (Supplement 1). Trends were calculated for 262 

country-sex-age groups (boys: 125; girls: 137; children [9–12 year-olds]: 107; youth [13–

17 year-olds]: 155), with a median sample size of 1,138 (range: 100 to 54,567) and a 

median span of 16 years (range: 5 to 30).  

<<< Table 1 >>> 

Between 1981 and 2014, mean CRF collectively declined by 3.3 mL/kg/min (95%CI: 

−3.5 to −3.1; ES: moderate) at 1.0 mL/kg/min per decade (95%CI: −1.1 to −0.9), 

equivalent to a decline of 7.3% (95%CI: −7.8 to −6.7) at 2.2% per decade (95%CI: −2.4 

to −2.0) (Table 2; Figure 2a). CRF declined in boys by 4.3 mL/kg/min (95%CI: −4.7 to 

−3.9; ES: large) at 1.3 mL/kg/min per decade (95%CI: −1.4 to −1.2), which was larger 

than the decline in girls (ES difference: small), who declined by 2.3 mL/kg/min (95%CI: 

−2.6 to −2.0; ES: small) at 0.7 mL/kg/min per decade (95%CI: −0.8 to −0.6) (Table 2; 

Figure 2a). The collective decline in CRF in children and youth was similar (ES 

difference: negligible; Table 2; Figure 2a). 

<<< Table 2 and Figure 2 >>> 

Internationally, the decline in mean CRF was not uniform over time, with the rate of 
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decline slowing from 1981 to 2000 and stabilising near zero thereafter (Figure 2b). Since 

1981, the rate of decline in CRF has diminished from −2.2 mL/kg/min per decade 

(95%CI: −2.4 to −2.0; ES: small) in the 1980s, −1.6 mL/kg/min per decade (95%CI: −1.7 

to −1.5; ES: small) in the 1990s, −0.4 mL/kg/min per decade (95%CI: −0.5 to −0.3; ES: 

negligible) in the 2000s, to −0.2 mL/kg/min per decade (95%CI: −0.4 to 0.0; ES: 

negligible) in the 2010s. This trend was consistent across different sex and age groups 

(Figure 2b). 

 

Temporal trends in mean CRF differed by country, ranging from a decline of 5.6 

mL/kg/min per decade (95%CI: −6.2 to −5.0; ES: large) in Poland (1992–2007) to an 

increase of 1.4 mL/kg/min per decade (95%CI: 1.3 to 1.5; ES: small) in Japan (1998–

2014) (Table 2). Most countries experienced declines in CRF (17 of 19 or 89%), ranging 

from large declines (ES<−0.8) in Australia, Canada, France, Hungary, Lithuania, Poland, 

and Seychelles, to negligible declines (ES<−0.2) in Belgium, Estonia, and Greece. The 

increases in Brazil and Japan were small (ES>0.2). While most country trends were 

approximately uniform (linear), Figure 3 indicates non-uniform (curvilinear) changes 

evidenced by a slowing or stabilising of the rate of decline near the year 2000 for several 

countries (Australia, Canada, Greece, South Africa and Spain), a shift from declines to 

increases in Belgium, and a shift from increases to declines in the UK. Cross-country 

correlations were very strong between boys and girls (r=0.96 [95% CI: 0.89 to 0.99]) and 

children and youth (r=0.86 [95% CI: 0.66 to 0.95]). 

<<< Figure 3 >>> 
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Discussion 

This analysis indicates that since 1981: (i) there has been a substantial international 

decline in CRF, which has slowed markedly since 2000 and stabilised with almost no 

change recently; (ii) despite most countries experiencing a decline in CRF, both the rate 

and pattern of change differed between countries; and (iii) the decline in CRF has been 

larger for boys than for girls. As low CRF in late adolescence and adulthood is 

significantly associated with all-cause mortality later in life,
11,12 

these temporal declines 

in CRF are therefore suggestive of meaningful declines in population health and well-

being. This highlights a cause for concern. For example, the observed international 

decline in CRF of 3.3 mL/kg/min, approximately 1 MET, has been associated with an 

increase in cardiovascular and all-cause mortality of 15% and 13%, respectively.
9
  

 

Slowing international decline in CRF 

While the declines in CRF observed in the 1980s and 1990s are consistent with those 

reported in several other comprehensive summaries of temporal trends in CRF,
13,20

 this 

study provides evidence that the decline in CRF has diminished and stabilised with 

almost no change recently, contradicting the popular belief that CRF is still declining in 

children and youth. Temporal trends in field-based CRF are probably caused by trends in 

a network of environmental, social, behavioral, physical, psychosocial and physiological 

factors.
13,15,23

 Causes of a temporal decline in CRF are not only a function of changes in 

𝑉̇O2peak but also changes in mechanical efficiency and fractional utilisation of oxygen, 

with psychosocial issues (e.g., motivation) also important.
28–30

 Unfortunately, there are 

no compelling trend data for these factors. Physiological changes are affected by physical 
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changes, such as increased fatness. An increase in fatness could lead to a decline in CRF 

either directly through the increased energy demand associated with moving a heavier 

body mass through space, or indirectly through the likely effect of reduced regular 

moderate-to-vigorous physical activity.
15,31

 There is overwhelming evidence of an 

international increase in children’s fatness over the past 50 years,
32–33

 which may have 

stabilised since the mid 1990s in high-income countries.
34

 This increase and recent 

stabilisation in fatness has coincided with the decline and recent stabilisation in CRF. 

Direct analysis of this causal connection indicates that increases in fatness explain 35–

70% of the declines in CRF.
31,35

 Other factors, such as a decline in physical activity or an 

increase in sedentary behaviours, are very likely involved.
13

 Unfortunately, temporal 

trends in these behaviors are not clear, because of the difficulty in obtaining accurate 

measurements and temporal differences in sampling and methodology.
36

 Recent reviews 

of temporal trends in self-report and objective measures of physical activity in children 

suggested that physical activity levels and sport participation have not changed in recent 

decades.
36,37

 Given that physical fitness assesses an individual’s physiological response to 

their total physical activity profile, temporal trends in CRF could therefore suggest that 

physical activity levels have declined in the 1980s and 1990s and stabilised thereafter, at 

least in the predominantly high-income countries in this dataset.  

 

Furthermore, it is not clear whether the observed decline in mean CRF has been uniform 

or skewed across the distribution. Several studies have reported that temporal trends are 

skewed in the distribution of CRF, with declines in distance running performance larger 

in children with low CRF than in children with average or high CRF.
38,39

 However, 
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temporal trends in skewness are probably an artifact of expressing CRF in running time, 

and are possibly attenuated when expressed in mL/kg/min, which is typically normally 

distributed and more appropriate for parametric statistical analysis. 

 

Temporal differences in CRF between countries 

Our analysis was largely representative of high-income countries that are well along the 

physical activity and epidemiological transition,
40

 which may help explain why CRF has 

recently stabilised. Many of these countries have placed substantial effort into developing 

campaigns, policies, programs, and interventions to promote increased sport participation 

and daily physical activity.
41,42

 The cumulative effect of these efforts appears to have 

resulted in the recent stabilisation of overweight and obesity rates seen in many high-

income countries (as noted above).
34

 These are promising findings that may provide a 

‘lesson learned’ for low- and middle-income countries that are likely to experience (or 

are experiencing) substantial declines in CRF similar to those experienced in high-

income countries in the 1980s and 1990s. Evidence from trends in CRF
43

 and overweight 

and obesity rates
44

 in these countries supports this theory. This highlights the need for 

low- and middle-income countries to collect CRF data to track trends in population health 

and fitness in order to help inform policies to prevent declines like those seen in high-

income countries in the 1980s and 1990s. The 20mSRT is an excellent tool for population 

surveillance because it is valid and reliable for use with children, is low cost, requires 

minimal equipment and personnel, can be used across multiple locations (e.g., indoors, 

outdoors, smaller spaces) and is practical for mass testing.
13,19,45

 Lang and colleagues 

recently suggested establishing an international 20mSRT data repository to help monitor 
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CRF.
46

 This type of data repository would be excellent for tracking trends in CRF in low- 

and middle- income countries with minimal finances to support other surveillance efforts.  

 

Temporal differences in CRF between sexes 

It is not clear why declines in CRF were larger for boys than for girls. Olds
32

 indicated 

that increases in percentage body fat were larger for boys (1.0% per decade) than for girls 

(0.7% per decade) in 30 high-income countries between 1952 and 2003. Cross-

sectionally, the negative relationship between fatness (sum of skinfolds) and CRF 

(20mSRT performance) is stronger for boys than for girls,
47

 suggesting that any given 

increase in fatness will result in a greater decline in boys’ CRF. The temporal difference 

in CRF between sexes may also be a result of a temporal difference in physical activity 

participation between sexes, which is apparent in elite sport. For example, the 2012 

Olympic Games marked the first time a female athlete was part of every competing 

country’s delegation, with females comprising 44% of all athletes, increasing from 23% 

in 1984 and 11% in 1960.
48

 Although this highlights the diminishing gender gap in elite 

sport, it may reflect that sport participation for girls of all ages has increased 

internationally. Perhaps the recent promotion of gender equality policies and programs
49

 

has helped narrow the gender gap in CRF through sport participation and other physical 

activity areas.  

 

Strengths and limitations 

Using a systematic search and analytical strategy, this study cumulated data from 137 

studies on 965,264 children and youth from 19 countries to estimate and compare 
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international temporal trends in CRF. Although not the first study examining 

international trends in CRF, it does update previous comprehensive studies
13,20

 by: (i) 

extending the end of the temporal picture from 2003 to 2014; (ii) reporting absolute and 

percent trends for a single validated measure, (iii) reporting trends in 𝑽̇O2peak which 

reflect underlying trends in the energetic cost of exercise, and (iv) describing trends using 

weighted regression and a post-stratification population weighting procedure.  

 

There are however several limitations. First, the reported trends are representative of 

high-income and upper-middle-income countries, and it is not known whether similar 

trends exist for low-income countries that may be experiencing a physical activity 

transition.
40

 Second, this study pooled data from studies that used different sampling 

methods (probability and non-probability sampling) and sampling frames (national, 

state/provincial, and community levels), which raises the issue of representativeness. 

However, because trends in population-representative samples could not always be 

estimated, trend estimates across state/provincial and community samples of children 

were included because they were considered to provide meaningful insight into country-

level trends. Third, differences in testing conditions (e.g., climate, altitude, practice, and 

running surfaces) and measurement errors (e.g., methodological drift and diurnal 

variation) might have occurred, although the large number of included data points should 

have minimised these methodological issues. Fourth, international, regional, and country 

temporal trends were estimated from available country-sex-age-specific trend data, and 

therefore may not be representative of all country-sex-age groups or all measurement 

years. Finally, temporal trends in CRF will be affected by concurrent trends in biological 
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maturation,
50

 which generally favor children of the same chronological age in more 

recent years and may underestimate the true temporal declines.
20

  

 

Conclusion 

This study indicates that there has been a substantial decline in CRF in high-income 

countries since 1981, which has slowed over time and recently stabilised near zero. While 

declines in CRF have typically been observed at the national level, variability exists in 

both the rate and pattern of change with boys experiencing larger declines than girls. This 

study highlights a gap in CRF trend data for low- and middle-income countries, 

highlighting a need to improve the international monitoring of CRF across populations 

because temporal declines are indicative of declines in population health and well-being. 

The recent diminishing and stabilising of the decline in CRF in high-income countries is 

a promising new finding and may be the result of the numerous campaigns and 

interventions promoting increased physical activity and sport participation at the 

community, state, national and international levels. To most accurately track trends in 

child and youth health, it is recommended that large-scale, harmonised national health 

and fitness surveys be regularly conducted, especially among low- and middle-income 

countries. 
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Table 1 Summary of the included studies by country.  

Country Sex Ages 

(years) 

Sample size Country-sex-age-

year groups 

Span of years 

Australia
w1–w12

 Boys+Girls 9–16  25,961  101 1988–2010 

Belgium
w13–w23

 Boys+Girls 9–17  23,358  117 1985–2010 

Brazil
w24–w26

 Girls 9–17  2,826  24 1998–2006 

Canada
w27–w32

 Boys+Girls 9–17  29,009  91 1981–2011 

Estonia
w21,w33–w38

 Boys+Girls 10–17  7,906  46 1992–2002 

France
w18,w39–w45

 Boys+Girls 9–14  5,763  32 1985–2007 

Greece
w18,w46–w50

 Boys+Girls 9–17  268,382  55 1991–2014 

Hungary
w18,w21,w51,w52

 Boys+Girls 12–17  2,455  22 1990–2013 

Italy
w18,w53–w58

 Boys+Girls 12–17  5,218  31 1986–2007 

Japan
w59–w75

 Boys+Girls 9–17  279,732  306 1998–2014 

Lithuania
w34,w35

  Boys+Girls 11–17  6,479  28 1992–2002 

Netherlands
w76–w78

 Boys+Girls 12–16  3,457  22 1987–2006 

Poland
w79–w82

 Boys+Girls 13–17  22,895  19 1992–2007 

Portugal
w83–w89

 Boys+Girls 9–17  29,857  71 1999–2011 

Seychelles
w90,w91

  Boys+Girls 11–16  7,913  24 1990–2004 

South Africa
w92–w99

 Boys+Girls 11–16  2,668  30 1996–2012 

Spain
w18,w100–w112

 Boys+Girls 9–17  25,950  151 1985–2010 

UK
w113–w126

 Boys+Girls 9–16  48,535  116 1986–2014 

USA
w127–w137

 Boys+Girls 9–17  166,900  122 1995–2013 

Note: UK=United Kingdom; USA=United States of America.  
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Table 2 National and international temporal trends in mean CRF (per decade) from 

965,264 children aged 9–17 years from 19 countries between 1981 and 2014.  

Group Absolute changes in means 

per decade mL/kg/min 

(95%CI) 

Percent changes in means per 

decade (95%CI) 

Australia −1.7 (−2.0 to −1.4)  −3.9 (−4.6 to −3.2) 

Belgium  −0.4 (−0.7 to −0.1)  −1.0 (−1.7 to −0.3) 

Brazil  1.2 (0.7 to 1.7)  3.0 (1.8 to 4.2) 

Canada  −1.4 (−1.6 to −1.2) −3.0 (−3.4 to−2.6) 

Estonia  −0.2 (−0.4 to 0.0)  −0.3 (−0.6 to 0.0) 

France  −2.7 (−3.0 to −2.4)  −5.7 (−6.3 to −5.1) 

Greece  −0.4 (−0.5 to −0.3)  −0.8 (−1.1 to −0.5) 

Hungary  −1.8 (−2.0 to −1.6)  −4.4 (−4.8 to −4.0) 

Italy  −0.6 (−0.8 to −0.4)  −1.6 (−2.2 to −1.0) 

Japan  1.4 (1.3 to 1.5)  2.9 (2.8 to 3.0) 

Lithuania  −5.0 (−5.2 to −4.8)  −11.2 (−11.6 to −10.8) 

Netherlands  −0.7 (−0.9 to −0.5)  −1.6 (−2.0 to −1.2) 

Poland  −5.6 (−6.2 to −5.0)  −12.9 (−14.4 to −11.4) 

Portugal  −0.9 (−1.2 to −0.6)  −1.9 (−2.6 to −1.2) 

Seychelles  −3.1 (−3.2 to −3.0)  −7.3 (−7.5 to −7.1) 

South Africa  −2.5 (−3.2 to −1.8)  −5.8 (−7.3 to −4.3) 

Spain  −0.8 (−0.9 to −0.7)  −1.8 (−2.1 to −1.5) 

United Kingdom  −1.0 (−1.2 to −0.8)  −2.2 (−2.6 to −1.8) 

United States  −0.9 (−1.2 to −0.6)  −2.2 (−2.8 to −1.6) 

Boys  −1.3  (−1.4 to −1.2)  −2.9  (−3.1 to −2.7) 

Girls  −0.7  (−0.8 to −0.6)  −1.6  (−1.8 to −1.4) 

Children (9–12 year-olds)  −1.0  (−1.1 to −0.9)  −2.1  (−2.3 to −1.9) 

Youth (13–17 year-olds)  −1.0  (−1.1 to −0.9)  −2.4  (−2.6 to −2.2) 

All  −1.0  (−1.1 to −0.9)  −2.2  (−2.4 to −2.0) 

Note: positive changes in means indicate trend increases in mean CRF and negative values indicate trend 

declines; 95%CI=95% confidence interval.  
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Figure captions 

Figure 1 Flow chart outlining the identification of the included studies. 

 

Figure 2 International temporal trends in mean CRF (mL/kg/min) between 1981 and 

2014. Note: Figure 2a shows the absolute differences in CRF, with the grey child-like figure 

indicating mean CRF in 1981 and the white child-like figure indicating mean CRF in 2014. 

Figure 2b shows the time-related patterns of change in CRF. Data are standardised to the year 

2000=0 mL/kg/min, with positive values indicating better CRF and negative values poorer CRF; 

the solid lines represent the international change in mean CRF and the shaded areas the 95%CIs, 

with upward sloping lines indicating increases over time and downward sloping lines declines; 

mean (95%CI) absolute changes (per decade) are shown at the top of each panel. 

 

Figure 3 National temporal trends in mean CRF (mL/kg/min) between 1981 and 2014.  

Note: data are standardised to the year 2000=0 mL/kg/min, with positive values indicating better 

CRF and negative values poorer CRF; the solid lines represent the national changes in mean CRF 

and the shaded areas the 95%CIs, with upward sloping lines indicating increases over time and 

downward sloping lines declines; mean (95%CI) absolute changes (per decade) are shown at the 

top of each panel. 
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Figure 2a 
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Figure 2b 
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Figure 3 
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Appendix A: Study Registration 

 

Description: Approved PROSPERO registration for the systematic review found in 

Chapter 3. 
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Appendix B: Chapter 3 Supplemental Materials 

 

Description: Supplement 1 is the systematic search strategy. Supplement 2 are the 

additional references. Supplement 2 is a summary of the 142 studies included in Chapter 

3. 
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Supplement 1 
Search strategies 
 

MEDLINE, Embase, PsycINFO, CENTRAL 

1. ((Shuttle adj2 (run* or test)) or SRT).tw. 

2. ((Beep or Bleep or bip) adj3 test*).tw. 

3. (PACER or Progressive Aerobic Cardiovascular Endurance).tw. 

4. (FITNESSGRAM or Eurofit test battery).tw. 

5. (Leger test or course navette or test Leger navette or test navette).tw. 

6. ((Multi-stage or multistage) adj2 (test* or fitness)).tw. 

7. Prefit.tw. 

8. ((20 m or 20m or 20 metre) adj3 (test* or run)).tw. 

9. or/1-8 

10. 9 and (boy OR boys OR girl* OR child* OR adolescen* OR juvenil* OR youth* OR teen* 

OR  pediatric* OR paediatric* OR school*).mp. 

11. remove duplicates from 10 

 

 

SportDiscus 

 

( Shuttle N2 run* or shuttle n2 test or SRT ) OR ( Beep n3 test or Bleep N3 test or bip N3 test* ) 

OR ( PACER or Progressive Aerobic Cardiovascular Endurance ) OR ( FITNESSGRAM or 

Eurofit test battery or Prefit ) OR ( Leger test or course navette or test Leger navette or test 

navette ) OR ( Multi-stage N2 test* or multistage N2 test* or Multistage N2 fitness or multistage 

N2 fitness ) OR ( 20 m test* or 20 m run or 20m test* or 20m run or 20 metre test* or 20 metre 

run )  

( health* OR wellness OR well being OR wellbeing OR “quality of life” OR  social behav* OR 

prosocial behav* OR behavio* conduct or conduct disorder* OR aggression OR delinquen* OR 

academic achievement OR educational achievement OR grade point average OR GPA OR drop 

out OR dropout OR attention or concentrat* OR psychomotor performance OR motor 

development OR motor skill* OR motor activit* OR movement OR physical competenc* OR 

physical* litera* OR postural balance OR depression OR depressive OR depressed OR mood 

disorder* or anxiety OR distress OR worry OR burnout OR burn out OR psycho-social 

adjustment or psychosocial adjustment OR self esteem OR self concept OR (bone N2 density) 

OR (bone N2 mass) OR hypertens* OR high blood pressure OR cholesterol OR hypercholester* 

OR hyperlipid* OR dyslipid* OR lipids* OR lipoprotie* OR obese OR obesity OR overweight 

OR body mass index OR BMI OR waist OR adipos* OR fat OR metabolic syndrome OR insulin 

resistance OR  diabet* OR glucose OR HBA1C OR fitness or physical condition*  or  (Quality 

N2 life) or QOL or Suicid* or physical self-perception  or physical self concept or   perceived 

sport competen*) 

( boy OR boys OR girl* OR child* OR schoolchild* OR adolescen* OR juvenil* OR youth* OR 

teen* OR pediatric* OR paediatric* or school* ) 

S1 and S2 and S3 
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Supplement 3 
Summary of included studies 

 
Supplement Table 1. 20mSRT performance and adiposity in children and youth  

Note: β indicates standardized Beta; B indicates unstandardized Beta 

Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1368 

Baranowski 

(2012); 

USA 

Longitudinal 

(1 yr follow-

up) 

n = 3998 

T1: Grade 6 

T2: Grade 8 

Baseline age = 11.3 

yr 

 

 

VO2max 

Leger 

Weight status (CDC-cut 

points) determined from 

BMI (calculated from 

objectively measured 

height and weight) 

Adiposity Boys that remained obese at 

follow-up had lower 20mSRT 

performance at baseline 

compared to all other groups 

β = 2.79, SE = 0.67 

 

Girls that remained overweight 

or at healthy BMI at follow-up 

had higher baseline 20mSRT 

performance than all groups, 

except for the increased BMI 

group 

OW β = 3.54, SE = 0.62 

Healthy β = 3.71, SE = 0.59 

Baseline 

20mSRT 

Baseline 

BMI 

1379 

Rodrigues 

(2013); 

Portugal  

Longitudinal 

(9 yr follow-

up) 

n = 518 

T1 = 6 yr 

T2 = 15 yr 

 

n/a SSF (mm) were 

calculated at two sites 

(subscapular, triceps). 

Adiposity A positive change in 20mSRT 

performance predicted positive 

changes in adiposity over time 

β = -0.08, SE = 0.01, p<0.01 

SSF 

Age 

Sex 

Flexed arm 

hang 

Standing 

long jump 

Sit-ups 

50m dash 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1387 

Brouwer 

(2013); 

Netherlands 

Longitudinal 

(5 yr follow-

up) 

n = 565 

range = 11-16 yr 

T1 age = 11.4 yr 

T2 age = 16.1 yr 

VO2max 

Leger 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance at baseline 

was negatively associated with 

WC at follow-up.  

Boys r = -0.289, p<0.01 

Girls r = -0.229,p<0.01 

n/a 

1617 

He (2011); 

China 

Longitudinal 

(18 month 

follow-up) 

n = 1795 

range = 8-10 yr 

age = 10.2 yr 

 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance at baseline 

was inversely associated with 

changes in BMI at T2  

p<0.001 

 

Boys with low 20mSRT 

performance at T1 had higher 

odds of being ow/obese at T2 

OR 8.71, 95 % CI 2.59-29.26  

 

No significant odds were 

observed in girls at follow-up 

OR 6.87, 95 % CI 0.96-49.09  

District 

School 

Age 

PA level 

BMI at T1 

20mSRT 

difference 

between  

T1-T2 

1992 

Kim (2005);  

USA 

Longitudinal 

(1 yr follow-

up) 

n = 6297 

range = 5-14 yr 

 

PACER 

HFZ 

BMI was calculated from 

measured height and 

weight 

Adiposity Not attaining the HFZ at baseline 

was associated with incidence of 

overweight at follow-up in girls 

but not in boys  

Girls OR 1.96, 95 % CI 1.10-

3.50  

Boys OR 0.98, 95 % CI 0.58-

1.67   

Age group 

Race 

Lunch 

program 

Baseline 

BMI 

2519 

Savva 

(2014); 

Cyprus 

Longitudinal n = 4878 

T1 range = 10-13.5 

yr 

T2 range = 14.4-

17.9 yr 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

Adiposity Boys and girls in the highest 

quartile of 20mSRT performance 

at baseline had the lowest odds 

of becoming ow/obese at follow-

up 

Baseline  age 

Follow-up 

Living area 

Air temp 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

T1 age = 11.4 yr 

T2 age = 16.1 yr 

Boys OR 0.40,  

95 % CI 0.26-0.61 

Girls OR 0.57, 

95 % CI 0.33-0.99 

Boys p<0.001; Girls p<0.05 

3150 

Aires 

(2010); 

Portugal 

Longitudinal 

(3.6 to 6.1 

yr follow-

up) 

n = 345 

range = 11-16 yr 

Baseline age = 11.4 

yr 

Follow-up age = 

16.1 yr 

PACER 

HFZ 

BMI was calculated from 

measured height and 

weight 

Adiposity Low 20mSRT performance at 

baseline was positively 

associated with BMI at follow-up  

β = 0.76, 95 % CI 0.29-1.24, 

 p = 0.002 

Age 

Sex 

        

5 

de Araujo 

(2015); 

Brazil 

Cross-

sectional 

n = 288 

range = 9.5-14.5 yr 

age = 12.2 yr 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

inversely associated with BMI 

for boys and girls 

Boys R
2
 = 0.85, p = 0.03 

Girls R
2
 = 0.91, p = 0.01 

n/a 

211 

Williams 

(2013); 

USA 

Cross-

sectional 

n = 171 

range = 17-18 yr 

age = 17.3 yr 

VO2max 

Fitnessgram 

BF% was measured using 

BIA 

Adiposity 20mSRT performance was 

negatively related with BF% 

r = -0.44, p<0.001 

Age 

Sex 

220 

Borras 

(2011); 

Spain 

Cross-

sectional 

n = 302 

range = 11-12 yr 

Boy age = 11.6 yr 

Girl age = 10.7 yr 

Decimal 

stages 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related with BMI 

r = -0.241, p<0.001 

n/a 

238 

Silva 

(2013); 

Portugal 

Cross-

sectional 

n = 633 

range = 10-18 yr 

age = 14.3 yr 

VO2max 

Fitnessgram 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

negatively related to WC 

r = -0.50, p<0.001 

 

WC was lower in the fit group 

compared to the low fit group  

Age 

Sex 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

F = 212.80, p<0.001 

292 

Klincarov 

(2011); 

Macedonia 

Cross-

sectional 

n = 156 

range = 14 yr 

age = 14.0 yr 

Stages Triceps skinfold thickness 

(mm) was measured 

according to standardized 

procedures 

 

BMI was calculated from 

measured height and 

weight 

Adiposity Triceps skinfold was different 

between low, medium and high 

20mSRT performance groups  

F = 39.6, p<0.0001 

 

BMI was different between low, 

medium and high 20mSRT 

performance groups  

F = 14.5, p<0.0001 

n/a 

298 

Colquitt 

(2012); 

USA 

Cross-

sectional 

n = 122 

range = 11-15 yr 

age = 12.8 yr 

VO2max 

Fitnessgram 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI  

r = -0.43, p<0.01 

n/a 

339 

Thomas 

(2008); 

Wales 

Cross-

sectional 

n = 164 

range = 12-13 yr 

age = 12.9 yr 

Shuttles BMI was calculated from 

measured height and 

weight 

 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

negatively related to BMI  

Boys r = -0.63, p<0.01 

Girls r = -0.52, p<0.01 

n/a 

396 

Geok 

(2015); 

Malaysia 

Cross-

sectional 

n = 240 

range = 10-11 yr 

 

VO2max 

Leger 

BF% was calculated from 

measured triceps and calf 

skinfold thickness 

Adiposity 20mSRT performance was 

negatively related to BF%  

r = -0.28, p<0.01 

n/a 

446 

Hussey 

(2007); 

Ireland 

Cross-

sectional 

n = 224 

range = 7-10 yr 

 

VO2max  

Leger 

BMI z-score calculated 

from measured height and 

weight using British 

norms 

 

WC (cm) was measured 

Adiposity 20mSRT performance was 

negatively related to BMI z-score 

Boys r = -0.43, p<0.01 

Girls r = -0.22, p<0.01 

 

20mSRT performance was 

Age 

Sex 

WC 

BMI 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

according to standardized 

procedures 

negatively related to WC 

Boys r = -0.50, p<0.01 

Girls r = -0.33. p<0.01 

 

20mSRT performance was a 

negative predictor of BMI z-

score 

 B = -1.12, SE = 0.2, p<0.01 

 

20mSRT performance was a 

positive predictor of WC 

B = 0.22, SE = 0.04, p<0.01 

470 

Aguiar 

Santos 

(2011); 

Portugal 

Cross-

sectional 

n = 266 

range = 12-18 yr 

 

VO2max 

Fitnessgram 

BF% was measured using 

a handheld BIA 

Adiposity 20mSRT performance was 

negatively associated with BF% 

β = -0.003, SE = 0.00, p<0.001 

Age 

Ethnicity 

Sex 

534 

Marshall 

(1996); 

Canada 

Randomized 

Factorial 

n = 200 

range = 5-6 & 9-10 

yr 

 

Laps Adiposity status was 

determined using the 

Marshall Visual Rating 

Scale 

Adiposity Normal weight children had 

higher 20mSRT performance 

than obese children 

F = 21.1, p<0.001 

n/a 

594 

Raudsepp 

(1996); 

Estonia 

Cross-

sectional 

n = 77 

range = 10-11 yr 

age = 10.5 yr 

Stages SSF (mm) measured at 5 

sites (triceps, biceps, 

subscapular, abdominal, 

medial calf); mean of 3 

measurements/site used 

Adiposity 20mSRT performance was 

negatively related to SSF 

r = -0.51, p<0.05 

n/a 

601 

Grassi 

(2006); 

Italy 

Cross-

sectional 

n = 290 

range = 14-18 yr 

 

Speed last 

completed 

 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI  

Boys r = -0.45, p<0.001 

Girls r = -0.319, p<0.01 

 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

20mSRT performance was 

negatively related to BMI 

Boys r = -0.41, p<0.001 

Girls r = -0.34, p<0.001 

647 

Lloyd 

(2003); 

USA 

Cross-

sectional 

n = 200 

range = 10-12 yr 

 

Laps SSF (mm) measured at 

triceps and gastrocnemius  

 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related with SSF 

r = -0.42, p<0.05 

 

20mSRT performance was 

negatively related with BMI 

r = -0.49, p<0.05 

n/a 

720 

Raudsepp 

(1996); 

Estonia 

Cross-

sectional 

n = 203 

range = 7-10 yr 

 

Stages SSF (mm) measured at 5 

sites (triceps, biceps, 

subscapular, abdominal, 

medial calf)  

Adiposity 20mSRT performance was 

negatively related with SSF 

Age 7 r = -0.56, p<0.01 

Age 8 r = -0.36, p<0.05 

Age 9 r = -0.57, p<0.05 

Age 10 r = -0.48, p<0.01 

n/a 

745 

Saar (2001); 

Estonia 

Cross-

sectional 

n = 80 

range = 13-15 yr 

age = 13.4 yr 

Minutes SSF (mm) measured at 9 

sites (triceps, subscapular, 

biceps, iliac crest, 

supraspinatus, abdominal, 

front thigh, medial calf, 

mix-axilla).   

Adiposity 20mSRT performance was a 

significant predictor of SSF 

R
2
 = 17.6, p<0.0001 

n/a 

847 

Raudsepp 

(1996); 

Estonia 

Cross-

sectional 

n = 92 

range = 7-9 yr 

Boy age = 8.1 yr 

Girl age = 14.1 yr 

Minutes BMI was calculated from 

measured height and 

weight 

 

SSF (mm) measured at 5 

sites (triceps, subscapular, 

supraspinatus, abdomen, 

thigh); mean of 3 

Adiposity 20mSRT performance was not 

related to BMI 

Boys r = -0.39, p = ns 

Girls r = -0.12, p = ns 

 

20mSRT performance was 

negatively related to SSF 

Boys r = -0.52, p<0.05 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

measurements/site used Girls r = -0.45, p<0.05  

1083 

Agha-

Alinejad 

(2015); 

Iran 

Cross-

sectional 

n = 381 

range = 5-6 yr 

 

VO2max 

n/a 

WC (cm) was measured 

according to standardized 

procedures 

 

BMI was calculated from 

measured height and 

weight 

 

Waist to hip ratio was 

calculated from measured 

circumferences 

 

Waist to height ratio was 

calculated from measured 

metrics 

 

BF% was calculated from 

measured skinfolds  

Adiposity 20mSRT performance was 

negatively related to WC 

Boys r = -0.27, p<0.001 

Girls r = -0.16, p<0.05 

 

20mSRT performance was 

negatively related to BMI in girls 

but not boys 

Boys r = -0.08, p = ns 

Girls r = -0.21, p<0.01 

 

20mSRT performance was 

negatively related to waist to hip 

ratio in boys but not girls 

Boys r = -0.160, p<0.05 

Girls r = 0.001, p = ns 

 

20mSRT performance was 

negatively related to waist to 

height ratio 

Boys r = -0.28, p<0.001 

Girls r = -0.35, p<0.01 

 

20mSRT performance was 

negatively related to BF% in 

boys but not girls 

Boys r = -0.18, p<0.05 

Girls r = -0.09, p = ns 

n/a 

1086 

Carrel 

Cross-

sectional 

n = 141 

range = 10-14 yr  

PACER z-

score from 

BMI z-score was 

calculated from measured 

Adiposity 20mSRT z-score was negatively 

related to BMI z-score 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

(2014); 

USA 

age = 12.7 yr laps height and weight r = -0.47, 95 % CI -0.58 to -0.33, 

p<0.0001 

1110 

Bovet 

(2007); 

Seychelles 

Cross-

sectional 

n = 4343 

range = 12-15 yr 

 

VO2max 

n/a 

BMI was calculated from 

measured height and 

weight. IOTF cut-offs for 

lean, normal overweight 

and obese were used 

Adiposity Normal weight children attained 

healthy 20mSRT levels more 

than lean, overweight or obese 

children p<0.05 

n/a 

1113 

Albarwani 

(2008); 

Oman 

Cross-

sectional 

n = 529 

range = 15-16 yr 

 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

 

Adiposity 20mSRT performance was 

negatively related with BMI in 

urban but not rural children 

Urban Boys r = -0.24, p = 0.05 

Urban Girls r = -0.23, p = 0.01 

Rural Boys r = -0.10, p = ns 

Rural Girls r = -0.0.16, p = ns  

n/a 

1134 

Palomaki 

(2015);  

Finland 

Cross-

sectional 

n = 3559 

range = 15-16 yr 

2003 age: 15.2 yr 

2010 age: 15.3 yr 

Shuttles BMI was calculated from 

self-reported height and 

weight 

Adiposity Normal weight children 

completed more shuttles in 2003 

and in 2010 than overweight 

children  

all p<0.001 

n/a 

1169  

Pienaar 

(2015); 

South 

Africa 

Cross-

sectional 

n = 214 

range = 15-16 yr 

age = 15.8 yr 

VO2max 

n/a 

Lean tissue mass (%) was 

calculated using the 

Poortman’s equation 

 

Hip circumference (cm) 

was measured according 

to standardized 

procedures 

Adiposity Lean mass % was a positive 

predictor of 20mSRT 

performance 

β = 0.63, p<0.001 

 

Hip circumference was a 

negative predictor of 20mSRT 

performance 

β = -0.16, p = 0.006 

Sport 

participation 

Stature 

% Lean Mass 

Ectomorphy 

Mid-thigh 

girth 

Living area  

1205 

Arango 

(2013); 

Cross-

sectional 

n = 546 

range = 11-18 yr 

age = 14.4 yr 

VO2max 

Leger 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

negatively associated with WC in 

boys but not in girls 

Screen use 

TV viewing 

TST 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Colombia  

BMI z-score was 

calculated from measured 

height and weight, with z-

scores calculated from 

WHO data 

Boys β = -0.03, SE = 0.01,  

p <0.01 

Girls β = -0.05, SE = 0.02, p = ns 

 

20mSRT performance was 

negatively associated with BMI 

in girls but not in boys 

Boys β = -0.02, SE = 0.01, p = ns 

Girls β = -0.05, SE = 0.01, 

 p = 0.01 

Age 

Location 

PA level 

Institution 

SSB 

Fast food 

Fried food 

1234 

Andrade 

(2014); 

Ecuador 

Cross-

sectional 

n = 648 

range = 11-15 yr 

age = 13.6 yr 

Laps BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

inversely related to BMI 

β = -2.39, p<0.01 

Sex 

BMI 

SES 

Cluster 

1237 

Scudder 

(2013);  

USA 

Cross-

sectional 

n = 397 

range = 6-9 yr 

age = 7.6 yr 

Laps BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

r = -0.32, p not reported 

n/a 

1253 

Diez-

Fernandez 

(2014); 

Spain 

Cross-

sectional 

n = 1158 

range = 8-11 yr 

age = 9.5 yr 

Stages 

(recorded to 

half stags) 

BMI was calculated from 

measured height and 

weight 

 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

negatively associated with BMI 

Boys β = -0.56, p<0.001 

Girls β = -0.45, p<0.001 

 

20mSRT performance was 

negatively associated with WC 

Boys β = -0.56, p<0.001 

Girls β = -0.44, p<0.001 

Age 

1306 

Tambalis 

(Greece); 

2013 

Cross-

sectional 

n = 141,169  

range = 7-10 yr 

 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

Boys r = -0.27, p<0.01 

Girls r = -0.25, p<0.01 

Age 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1307 

Buchan 

(2013);  

Scotland 

Cross-

sectional 

n = 192 

range = 14-16 yr 

age = 15.0 yr 

Laps BMI was calculated from 

measured height and 

weight 

 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

negatively related to BMI 

r = -0.27, p<0.001 

 

20mSRT performance was 

negatively related to WC 

r = -0.29, p<0.001 

Age 

Sex 

Maturity 

1335 

Coe (2013); 

USA 

Cross-

sectional 

n = 1701 

range = Grade 6 & 

9 

 

PACER 

No units 

specified 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

Gr. 6 r = -0.30, p<0.01 

Gr. 9 r = -0.21, p<0.01 

n/a 

1342 

Jimenez-

Pavon 

(2013);  

International 

Cross-

sectional 

n = 1053 

range = 12.5-17.5 

yr 

age = 14.9 yr 

VO2max 

Leger 

WC (cm) was measured 

according to standardized 

procedures 

 

BF% was calculated from 

SSF (biceps, triceps, 

subscapular, suprailiac, 

thigh, medial calf) 

 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to WC 

Boys r = -0.30, p<0.001 

Girls r = -0.25, p<0.001 

 

20mSRT performance was 

negatively related to BF% 

Boys r = -0.39, p<0.001 

Girls r = -0.36, p<0.001 

 

20mSRT performance was 

negatively related to BMI 

Boys r = -0.35, p<0.001 

Girls r = -0.34, p<0.001 

Pubertal 

status 

1359  

Burns 

(2013);  

USA 

Cross-

sectional 

n = 134 

range = Grades 6-8 

age = 12.9 yr 

Laps BMI was calculated from 

measured height and 

weight 

 

SSF (mm) (triceps, calf) 

were used to measure 

Adiposity 20mSRT performance was not 

related to BMI 

Boys r = -0.004, p = ns 

Girls r = -0.19, p = ns 

 

20mSRT performance was 

BMI 

Age 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

BF% 

 

BF% was measured using 

a handheld BIA 

 

WC (cm) was measured 

according to standardized 

procedures 

negatively related to SSF 

Boys r = -0.54, p<0.001 

Girls r = -0.26, p<0.05 

 

20mSRT performance was 

negatively related to BF% in 

boys but not girls 

Boys r = -0.54, p<0.001 

Girls r = -0.20, p = ns 

 

20mSRT performance was not 

related to WC 

Boys r = 0.03, p = ns 

Girls r = -0.17, p = ns 

1376 

Martins 

(2013); 

Portugal 

Cross-

sectional 

n = 79 

range = 11-13 yr 

 

VO2max 

Fitnessgram 

BMI was calculated from 

measured height and 

weight 

 

WC was measured 

according to standardized 

procedures 

Adiposity Fit children presented lower BMI 

values than unfit children 

p<0.05 

 

Fit children presented lower WC 

values than unfit children 

(p<0.05) 

n/a 

1396 

Ganzalez-

Suarez 

(2013); 

Philippines  

Cross-

sectional 

n = 1021 

range = 10-12 

 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity Normal weight children 

presented higher 20mSRT 

performance than overweight or 

obese children 

p<0.0001 

 

Overweight boys had decreased 

odds of performing poorly on the 

20mSRT compared to normal 

weight boys. No difference was 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

observed in girls.  

Boys OR 0.84, 95 % CI 0.78-

0.91 

Girls OR 1.42, 95% CI 0.94-2.16 

 

Obese children had increased 

odds of performing poorly on the 

20mSRT compared to normal 

weight children 

Boys OR 4.54, 95% CI 2.64-7.79 

Girls OR 2.51, 95% CI 1.31-4.80 

 

20mSRT performance was 

negatively related to BMI 

Boys r = -0.41, p<0.0001 

Girls r = -0.28, p<0.0001 

 

20mSRT performance was 

negatively related to WC 

Boys r = -0.38, p<0.0001 

Girls r = -0.27, p<0.0001 

1407 

Coe (2012);  

USA 

Cross-

sectional 

n = 312 

range = 12-14 yr 

age = 12.1 yr 

Laps BF% was calculated 

using the Slaughter 

equation from SSF 

measures (calf, triceps).   

Adiposity 20mSRT performance was 

negatively related to BF% 

r = -0.54, p<0.01 

n/a 

1423 

Lewitt 

(2012); 

Wales 

Cross-

sectional 

n = 247 

range = Gr. 8 

Boy age = 13.5 yr 

Girl age = 13.5 yr 

Laps BF% was calculated 

using the Slaughter 

equation from SSF 

measures (triceps, biceps, 

subscapular, suprailiac). 

 

Adiposity 20mSRT performance was 

negatively related to BF% but 

varied across maturity levels 

Boys Early r = -0.59, p<0.001 

Boys Late r = -0.53, p<0.001 

Girls Early r = -0.55, p<0.001 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

WC (cm) was calculated 

according to standardized 

procedures 

Girls Late r = -0.55, p<0.001 

 

20mSRT performance was 

negatively related to WC  

Boys Early r = -0.49, p<0.01 

Boys Late r = -0.40, p<0.01 

Girls Early r = -0.55, p<0.01 

Girls Late r = -0.36, p<0.01 

1427 

Galaviz 

(2012); 

Mexico 

Cross-

sectional 

n = 193 

range = 10-12 yr 

Boy age = 10.1 yr 

Girl age = 10.2 yr 

VO2max 

Leger 

WC (cm) was measured 

according to standardized 

procedures 

 

BMI was calculated from 

measured height and 

weight 

 

SSF (mm) was calculated 

from site measurements 

(triceps, biceps, calf). 

Adiposity 20mSRT performance was 

negatively related to WC 

Boys r = -0.59, p<0.001 

Girls r = -0.57, p<0.001 

 

 20mSRT performance was 

negatively related to BMI 

Boys r = -0.57, p<0.001 

Girls r = -0.57, p<0.001 

 

20mSRT performance was 

negatively related to SSF 

Boys r = -0.64, p<0.001 

Girls r = -0.58, p<0.001 

 

20mSRT performance was a 

negative predictor for WC 

 R
2
 = 0.23, p<0.01 

 

20mSRT performance was a 

negative predictor for BMI 

 R
2
 = 0.23, p<0.01 

 

Age 

Sex  

PA level 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

20mSRT performance was a 

negative predictor of SSF  

R
2
 = 0.34, p<0.01  

1432 

Musa 

(2012); 

Nigeria 

Cross-

sectional 

n = 3243 

range = 9-15 yr 

Boy age = 10.1 yr 

Girl age = 10.2 yr 

Male age = 13.5 yr 

Female age = 13.6 

yr  

Laps BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was not 

related to BMI 

Boys r = 0.02 

Girls r = -0.18 

Male r = 0.002 

Female r = 0.04  

p = ns for all 

n/a 

1433 

Llorente-

Cantarero 

(2012); 

Spain 

Cross-

sectional 

n = 141 

range = 7-12 yr 

 

Stages BMI was calculated from 

measured height and 

weight 

 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity Children with low 20mSRT 

performance presented higher 

BMI values  

p<0.0001 

 

Children with low 20mSRT 

performance presented higher 

WC values  

p<0.0001 

n/a 

1444 

Duncan 

(2012); 

Portugal 

Cross-

sectional 

n = 445 

range = 10-17 yr 

age = 13.9 yr 

VO2max 

Ruiz 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

Boys r = -0.70, p = 0.0001 

Girls r = -0.69, p = 0.001 

n/a 

1461 

Machado-

Rodgrigues 

(2012);  

Portugal 

Cross-

sectional 

n = 362 

range = 13-16 yr 

 

Laps BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

Rural r = -0.35, p<0.01 

Urban r = -0.42, p<0.01 

 

Higher levels of 20mSRT 

performance were associated 

with a lower risk of being 

Age 

Sex 

SB level 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

overweight or obese 

Rural β =  -1.51, SE = 0.42  

95% CI 0.10-0.50, p<0.01 

Urban β =  -1.37, SE = 0.58 

95% CI 0.08-0.80, p = 0.02  

1480 

Joshi 

(2012); 

USA 

Cross-

sectional 

n = 6625 

range = 5-17 yr 

 

HFZ BMI was calculated from 

measured height and 

weight 

Adiposity Normal weight children were 

more likely to achieve the 

healthy levels of 20mSRT 

performance than obese children 

Chi-square = 192.6 

OR 3.45, p<0.001 

n/a 

1483 

Ebenegger 

(2012); 

Switzerland 

Cross-

sectional 

n = 600 

range = 4-6 yr 

age = 5.1 yr 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

higher in normal weight children 

than overweight or obese 

children 

p<0.001 

Sex 

Age 

Parental 

migrant 

status 

Education 

1484 

Niederer 

(2012); 

Switzerland 

Cross-

sectional 

n = 501 

range = 5-6 yr 

 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity Overweight and obese children 

had lower 20mSRT performance 

compared to normal weight 

children 

p<0.001, effect size = 0.34 

Age 

BMI 

Sex 

Class cluster 

BMI group-

age group x 

1526 

Artero 

(2011); 

International  

Cross-

sectional 

n = 709 

range = 12.5-17.5 

yr 

age = 14.9 yr 

Stages WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

negatively related to WC 

r = -0.29, p<0.001 

Age 

Sex 

Pubertal 

status 

Centre 

1550 

Aires 

(2011); 

Cross-

sectional 

n = 1708 

range = 11-19 yr 

 

VO2max 

Ruiz 

SSF (mm) was measured 

using three sites (triceps, 

subscapular and calf). 

Adiposity 20mSRT performance was 

negatively associated with SSF 

B = -0.07, 95 % CI -0.076 to -

Sex 

Maturation 

SES 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Portugal 0.060 

p = 0.000 

PA index 

TV time 

PC time 

School 

commute 

1553 

Castro-

Pinero 

(2011);  

Spain 

Cross-

sectional 

n = 2462 

range = 6-17.9 yr 

 

Stages BMI was calculated from 

measured height and 

weight  

Adiposity Normal weight children 

completed more 20mSRT stages 

than overweight and obese 

children.  

Normal vs Overweight p<0.001 

Normal vs Obese p<0.001 

Age 

1563 

Gonzalez-

Suarez 

(2011); 

Philippines  

Cross-

sectional 

n = 380 

range = 11-12 yr 

 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight  

Adiposity Normal weight children had 

higher 20mSRT performance 

than overweight children  

p = 0.001 

 

Children with 20mSRT 

performance below the median 

score were more likely to be 

classified as overweight or obese 

OW OR 0.5, 95 % CI 0.3-0.8 

Obese OR 0.2, 95 % CI 0.1-0.5 

n/a 

1572 

Jimenez-

Pavon 

(2011); 

International 

Cross-

sectional 

n = 1053 

range = 12.5-17.5 

yr 

age = 14.9 yr 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

Boys r = -0.45, p<0.01 

Girls r = -0.40, p<0.01 

n/a 

1620 

Moliner-

Urdiables 

(2011); 

Cross-

sectional 

n = 363 

range = 12.5-17.5 

yr 

Boy age = 14.8 yr 

Stages Total body fat (kg) was 

quantified by DXA 

 

Total body fat (kg) was 

Adiposity 20mSRT performance was 

inversely associated with BF 

measured by DXA 

Boys β = -0.54, R
2
 = 0.26, 

Age 

Pubertal 

status 

PA level 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

International Girl age = 14.8 yr  measured by BodPod 

 

Total body fat was 

measured by SSF (mm) 

(biceps, triceps, 

subscapular, suprailiac, 

thigh, calf) 

 

WC (cm) was measured 

according to standardized 

procedures 

p<0.001 

Girls β = -0.46, R
2
 = 0.33, 

p<0.001  

 

20mSRT performance was 

inversely associated with BF 

measured by BodPod 

Boys β = -0.55, R
2
 = 0.28, 

p<0.001 

Girls β = -0.40, R
2
 = 0.25, 

p<0.001 

 

20mSRT performance was 

inversely associated with BF 

measured by SSF 

Boys β = -0.54, R
2
 = 0.34, 

p<0.001 

Girls β = -0.41, R
2
 = 0.20, 

p<0.001  

  

20mSRT performance was 

inversely associated with WC in 

boys but not girls 

Boys β = -0.53, R
2
 = 0.28, 

p<0.001 

Girls β = 0.12, R
2
 = 0.07, p = 

0.143 

1624 

Pino-Ortega 

(2010); 

Spain 

Cross-

sectional 

n = 293 

range = 9-11 yr 

age = 9.9 yr 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity Normal weight children had 

increased odds of having higher 

20mSRT performance 

OR 12.14, 95 % CI 4.9-30.5, 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

p<0.000 

1628 

Marques-

Vidal; 

(2010); 

Portugal 

Cross-

sectional 

n = 4689 

range = 10-18 yr 

Boy age = 14.6 yr 

Girl age = 14.6 yr 

VO2max  

Fitnessgram 

BMI was calculated from 

measured height and 

weight 

 

BF% was measured by 

handheld BIA 

Adiposity 20mSRT performance was 

negatively related to BMI 

Boys r = -0.53, p<0.01 

Girls r = -0.50, p<0.01 

 

20mSRT performance was 

negatively related to BF% 

Boys r = -0.45, p<0.01 

Girls r = -0.33, p<0.01 

n/a 

1630 

Ostojic 

(2010); 

Serbia 

Cross-

sectional 

n = 84 

range = 10-11 yr  

age = 11.9 yr 

VO2max 

Ruiz 

BMI was calculated from 

measured height and 

weight 

 

WC (cm) was measured 

according to standardized 

procedures 

 

Abdominal skinfold 

thickness (mm) was 

measured in triplicate 

 

BF% was measured by 

BIA 

 

Muscle Mass % was 

measured by Bia 

Adiposity 20mSRT performance was 

negatively related to BMI  

Overweight r = -0.51, p<0.05 

Non-overweight r = -0.40, 

p<0.05 

 

20mSRT performance was 

negatively related to WC in 

overweight children but not in 

non-overweight children 

Overweight r = -0.51, p<0.05 

Non-overweight r = -0.11, p = ns 

 

20mSRT performance was 

negatively related to abdominal 

skinfold thickness 

Overweight r = -0.54, p<0.05 

Non-overweight r = -0.27, 

p<0.05 

 

20mSRT performance was 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

negatively related to BF% 

Overweight r = -0.62, p<0.05 

Non-overweight r = -0.36, 

p<0.05 

 

20mSRT performance was 

related to muscle mass in 

overweight children but not in 

the non-overweight group 

Overweight r = 0.68, p<0.05 

Non-overweight r = 0.20, p = ns 

1644 

Ostojic 

(2010); 

Serbia 

Cross-

sectional 

n = 245 

Overweight = 8.8 

yr 

Non-overweight = 

8.9 yr 

 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

 

WC (cm) was measured 

according to standardized 

procedures 

 

SSF (mm) were measured 

in triplicate (abdominal, 

biceps, triceps, 

subscapular, suprailiac) 

 

BF% was calculated from 

the Slaughter equations 

Adiposity 20mSRT performance was 

negatively related to BMI in the 

non-overweight group but not in 

the overweight group 

Overweight r = -0.15, p = ns 

Non-overweight r = -0.43, 

p<0.05 

 

20mSRT performance was 

negatively related to WC in the 

non-overweight group but not in 

the overweight group 

Overweight r = -0.12, p = ns 

Non-overweight r = -0.37, 

p<0.05 

 

20mSRT performance was 

negatively related to abdominal 

skinfold thickness 

Overweight r = -0.38, p<0.05 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Non-overweight r = -0.43, 

p<0.05 

 

20mSRT performance was 

negatively related to subscapular 

skinfold thickness 

Overweight r = -0.29, p<0.05 

Non-overweight r = -0.41, 

p<0.05 

 

20mSRT performance was 

negatively related to suprailiac 

skinfold thickness 

Overweight r = -0.43, p<0.05 

Non-overweight r = -0.47, 

p<0.05 

 

20mSRT performance was 

negatively related to BF% 

Overweight r = -0.36, p<0.05 

Non-overweight r = -0.38, 

p<0.05 

1653 

Houwen 

(2010); 

Netherlands 

Cross-

sectional 

n = 60 

range = 6-12 yr 

age = 8.9 yr 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

r = -0.39, 95 % CI -0.60 to 0.13 

p<0.01 

Age 

Sex 

1657 

Martinez-

Gomez 

(2010); 

Spain 

Cross-

sectional 

n = 192 

range = 13-17 yr 

age = 14.8 yr 

Laps BMI was calculated from 

measured height and 

weight 

 

SSF (mm) was measured 

Adiposity 20mSRT performance was 

negatively related to BMI 

r = -0.35, p<0.001 

 

20mSRT performance was 

Age 

Sex 

Pubertal 

status 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

according to standardized 

procedures 

 

WC (cm) was measured 

according to standardized 

procedures 

negatively related to SSF 

r = -0.45, p<0.001 

 

20mSRT performance was 

negatively related to WC  

r = -0.30, p<0.001 

1677 

Jago (2010); 

USA 

Cross-

sectional 

n = 4955 

range = 11-12 yr 

Boy age = 11.4 yr 

Girl age = 11.3 yr 

Laps WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

associated with WC 

Boys F = 33.5, p<0.0001 

Girls F = 36.3, p<0.0001 

Race, 

Household 

education 

Pubertal 

stage 

BMI 

1692 

Vale (2010);  

Portugal 

Cross-

sectional 

n = 788 

range = 12-18 yr 

age = 15.1 yr 

VO2max 

Fitnessgram 

BMI was calculated from 

measured height and 

weight 

Adiposity Overweight children completed 

fewer 20mSRT laps than normal 

weight children 

Boys p<0.0001 

Girls p<0.0001 

 

Boys and girls with low 20mSRT 

performance were at increased 

odds of being overweight or 

obese 

Boys OR 3.75, 95 % CI 2.14-

6.59 

Girls OR 2.66, 95 % CI 1.02-

2.67 

Both p<0.05 

n/a 

1709 

Aires 

(2010); 

Portugal 

Cross-

sectional 

n = 111 

range = 11-18 yr 

age = 14.5 yr 

VO2max 

Fitnessgram 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

r = -0.20, p<0.05 

 

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Children with higher 20mSRT 

performance had lower odds of 

being overweight or obese  

OR 0.97, 95 % CI 0.94-0.998,  

p = 0.037 

1735 

Martinez-

Gomez 

(2009); 

Spain 

Cross-

sectional 

n = 202 

range = 13-17 yr 

Boy age = 14.7 yr 

Girl age = 14.9 yr 

Laps BMI was calculated from 

measured height and 

weight 

 

SSF (mm) was measured 

on 6 sites on the left side 

of the body (triceps, 

biceps, subscapular, 

suprailiac, thigh, calf) 

 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

negatively related to BMI 

r = -0.27, p<0.001 

 

20mSRT performance was 

negatively related to SSF 

r = -0.44, p<0.001 

 

20mSRT performance was 

negatively related to WC 

r = -0.26, p<0.001 

Age 

Sex 

Maturity 

 

1769 

Stigman 

(2009); 

Finland 

Cross-

sectional 

n = 304 

range = 8-9 yr 

age = 8.6 yr 

Laps WC (no units reported) 

was measured according 

to standardized 

procedures 

 

Abdominal fat % was 

quantified by DXA 

 

BF% was quantified by 

DXA 

Adiposity 20mSRT performance was 

negatively related to WC 

p = 0.001 

 

20mSRT performance was 

negatively related to abdominal 

fat %  

p<0.001 

 

20mSRT performance was 

negatively related to BF% 

p<0.001 

Age 

Sex 

1781  Cross- n = 573 Stages BF% was quantified by Adiposity Higher BF% was associated with n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Sakuragi 

(2008); 

Australia 

sectional range = 10 yr 

age = 10.1 yr 

DXA decreased 20mSRT performance 

p<0.0001 

1784 

Ortega 

(2009); 

Spain 

Cross-

sectional 

n = 1801 

range = 13-18.5 yr 

Boy age = 15.3 yr 

Girl age = 15.4 yr 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

 

Fat free mass (kg) was 

calculated using the 

Slaughter equations from 

skinfold thickness 

 

BF% was calculated 

using the Slaughter 

equations from skinfold 

thickness 

 

WC (cm) was measured 

according to standardized 

procedures 

Adiposity 20mSRT performance was 

negatively related to BMI 

Boy r = -0.35, p<0.001 

Girl r = -0.25, p<0.001 

 

20mSRT performance was not 

related to FFM 

Boy r = 0.07, p = 0.06 

Girl r = -0.06, p = 0.12 

 

20mSRT performance was 

negatively related to BF% 

Boy r = -0.47, p<0.001 

Girl r = -0.31, p<0.001 

 

20mSRT performance was 

negatively related to WC 

Boy r = -0.34, p<0.001 

Girl r = -0.21, p<0.001 

n/a 

1797 

Hoekstra 

(2008); 

Ireland 

Cross-

sectional 

n = 2016 

range = 12 & 15 yr  

 

VO2max 

n/a 

SSF (mm) from 4 sites 

(biceps, triceps, 

subscapular, suprailiac) 

were measured according 

to published methods 

Adiposity 20mSRT performance was 

inversely associated with SSF 

Boy 12 yr β = -1.54, 95 % CI -

1.86 to -1.22, p<0.001 

Boy 15 yr β = -1.28, 95 % CI -

1.57 to -0.99, p<0.001 

 

Girl 12 yr β = -0.86, 95 % CI -

1.15 to -0.56, p<0.001 

Maturation  

SES 

PA score 

Muscular 

fitness 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Girl 15 yr β = -0.92, 95 % CI -

1.21 to -0.63, p<0.001 

1838 

Downs 

(2008);  

Canada 

Cross-

sectional 

n = 178 

range = 9-12 yr 

 

Minutes WC (cm) was measured 

according to standardized 

procedures 

Adiposity Meeting or exceeding the 20
th

 

percentile for 20mSRT was 

associated with a reduced risk for 

central adiposity 

OR 0.11, 95 % CI 0.04-0.33, 

p<0.05 

 

Children with central adiposity 

had shorter 20mSRT durations 

than children without central 

adiposity  

p<0.0001 

Age 

Sex 

1846  

Cairney 

(2008); 

Canada 

Cross-

sectional 

n = 2245 

range = 9-10 yr 

age = 9.4 yr 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

inversely associated with BMI  

β = -0.19, SE = -0.42, p<0.001 

Sex 

1850 

Buck 

(2007); 

USA 

Cross-

sectional 

n = 74 

range = 7-12 yr 

age = 9.3 yr 

Laps BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

negatively related to BMI 

r = -0.49, p<0.05 

n/a 

1872 

Casajus 

(2007);  

Spain 

Cross-

sectional 

n = 1068 

range = 7-12 yr 

 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity Normal weight children 

completed more 20mSRT laps 

than overweight or obese 

children 

F = 46.8, p<0.05 

n/a 

1915 

Burke 

(2006);  

Australia 

Cross-

sectional 

n = 599 

range = 11-14 yr 

Boy age = 12.0 yr 

Girls age = 12.0 yr 

Laps BMI was calculated from 

measured height and 

weight 

Adiposity Risk of overweight/obesity was 

lower in those children who 

completed more 20mSRT laps 

Boy OR 0.64, 95 % CI 0.47-0.86 

School 

cluster 

Age 

SES 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Girl OR 0.95, 95 % CI 0.91-0.99 TV viewing 

Computer 

use 

Video games 

Other SB 

Walk/cycle 

to school 

1921 

Ng (2006); 

Canada 

Cross-

sectional 

n = 82 

range = 9-12 yr 

 

Minutes BMI was calculated from 

measured height and 

weight 

Adiposity Obese children obtained lower 

20mSRT performance scores 

compared to overweight and 

normal weight children.  

F = 21.01, p<0.0001 

n/a 

1928 

Tokmakisis 

(2006); 

Greece 

Cross-

sectional 

n = 709 

range = n/a 

age = 8.9 yr 

VO2max 

Leger 

BMI was calculated from 

measured height and 

weight 

Adiposity Normal weight children had 

higher 20mSRT performance 

levels than obese children 

Boys p<0.01 

Girls p<0.01 

 

Normal weight boys had higher 

20mSRT performance levels 

than overweight boys; no 

difference was observed in girls 

Boys p<0.05 

Girls p = ns 

n/a 

1992 

Kim (2005); 

USA  

Cross-

sectional 

n = 6297 

range = 5-14 yr 

 

HFZ BMI was calculated from 

measured height and 

weight 

Adiposity Not attaining healthy levels of 

20mSRT performance was 

associated with being overweight 

Boys OR 2.34, 95 % CI 2.08-

2.64 

Girls OR 2.32, 95 % CI 2.02-

2.66 

Age 

Race 

Lunch 

program 

Baseline 

BMI 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

2015 

Nassis 

(2005); 

Greece 

Cross-

sectional 

n = 1362 

range = 6-13 yr 

 

Stages SSF (mm) were measured 

in triplicate at four sites 

(triceps, biceps, 

subscapular, suprailiac) 

 

BF% was quantified from 

SSF using the Slaughter 

equations 

 

BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance 

favourably affected SSF in fit 

normal weight and overweight 

children  

Both p<0.01 

 

20mSRT performance 

favourably affected BF% in fit 

normal weight and overweight 

children  

Both p<0.01 

 

20mSRT performance was 

negatively related to BMI  

r = -0.27, p<0.001  

n/a 

2049 

Gonzalez-

Gross 

(2003); 

Spain 

Cross-

sectional 

n = 101 

range = 15-18 yr 

 

Stages SSF (mm) was measured 

according to standardized 

protocols (biceps, triceps, 

subscapular, suprailiac) 

Adiposity 20mSRT performance was 

negatively related to SSF 

Boys r = -0.65, p<0.01 

Girls r = -0.43, p<0.01 

n/a 

2051 

Cieslack 

(2003); 

Canada 

Cross-

sectional 

n = 61 

range = 10-11 yr 

 

VO2max 

Leger 

BF% was measured by 

BIA 

Adiposity 20mSRT performance was not 

related to BF%  

r = 0.11, p = ns 

n/a 

2066 

Deforche 

(2003); 

Belgium 

Cross-

sectional 

n = 3214 

range = 12-18 yr 

 

n/a BMI was calculated from 

measured height and 

weight 

Adiposity Non-obese children performed 

better on the 20mSRT  

F = 359.3, p<0.001 

n/a 

 

2083 

Mota 

(2002); 

Cross-

sectional 

n = 494 

range = 8-16 yr 

 

VO2max 

Leger 

SSF (mm) were measured 

twice at each location 

(triceps, subscapular) by a 

Adiposity 20mSRT performance was not 

related to SSF 

Boys r = 0.13, p = ns 

Maturity 

Age 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Portugal trained technician 

 

BF% was quantified from 

SSF using the Slaughter 

equations 

Girls r = -0.12, p = ns 

 

20mSRT performance was 

negatively related to BF% 

Boys r = -0.49, p<0.01 

Girls r = -0.34, p<0.01 

 

20mSRT performance was 

associated with skinfold 

thickness 

Boys F = 23.84, R
2
 = 0.28, 

p<0.001 

Girls F = 13.20, R
2
 = 0.18, 

p<0.001 

 

20mSRT performance was 

associated with BF% 

Boys F = 34.52, R
2
 = 0.28, 

p<0.001 

Girls F = 20.58, R
2
 = 0.18, 

p<0.001 

2458 

Coledam 

(2015); 

Brazil 

Cross-

sectional 

n = 781 

range = 10-18 yr 

 

Criterion 

Ref. 

Leger 

BMI was calculated from 

measured height and 

weight 

Adiposity Meeting the healthy level for 

BMI was associated with 

20mSRT performance 

PR 1.49, 95 % CI 1.27-1.75, 

p<0.001 

Sex 

Age  

SES 

2542 

Saavedra 

(2014); 

Spain 

Cross-

sectional 

n = 351 

range = 8-9 yr 

age = 8.7 yr 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was not 

associated with BMI 

β = -0.36, 95 % CI -0.453 to -

0.263, p<0.05 

n/a 

2681 Cross- n = 1206 Laps BMI was calculated from Adiposity 20mSRT performance was Age 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Coelho-e-

Silva 

(2013); 

Portugal 

sectional range = 11-15 yr 

 

measured height and 

weight 

 

BF% was calculated from 

measured skinfold 

thickness 

negatively related to BMI 

r = -0.29, 95 % CI -0.31 to -0.24 

p<0.01 

 

20mSRT performance was 

negatively related to BF% 

r = -0.35, 95 % CI -0.40 to -0.30 

 

Fit children were less likely to be 

classified as overweight  

Boys PR 0.86, 95 % CI 0.81-0.91 

Girls PR 0.87, 95 % CI 0.82-0.91 

 

Fit children were less likely to be 

classified as overfat 

Boys PR 0.86, 95 % CI 0.82-0.91 

Girls PR 0.88, 95 % CI 0.84-0.93  

2922 

Vale (2011); 

Portugal 

Cross-

sectional 

n = 779 

range = 12-18 yr 

Boy age = 14.8 yr 

Girl age = 15.2 yr 

Laps Waist to height ratio was 

calculated from measured 

WC and height 

Adiposity Children in the risk category for 

waist to height ratio had lower 

20mSRT performance 

Boys p<0.001 

Girls p<0.001 

 

Children with low 20mSRT 

performance were more likely to 

have abdominal obesity than 

their fit peers 

Boys OR 6.43, 95 % CI 3.33-

12.39, 

p<0.05 

Girls OR 1.78, 95 % CI 1.14-

n/a 
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Ref # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

2.78, 

p<0.05 

3109 

Artero 

(2010); 

Spain 

Cross-

sectional 

n = 2474 

range = 13-18.5 yr 

Boy age = 15.2 yr 

Girl age = 15.4 yr 

Stages BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was 

associated with weight status 

when adjusting for FFM  

Boys p<0.001; Girls p<0.001 

 

20mSRT performance was not 

associated with weight status 

when adjusting for FM 

Boys p = 0.06; Girls p = 0.053 

Age 

Maturation 

Fat Mass 

3609 

Fogelholm 

(2008); 

Finland 

Cross-

sectional 

n = 2266 

range = 15-16 yr 

 

Laps BMI was calculated from 

measured height and 

weight 

Adiposity 20mSRT performance was not 

associated with weight status in 

children 

Boys β = -0.24, p = ns 

Girls β = -0.24, p = ns  

n/a 

Note* 20mSRT, 20 meter shuttle run test; BIA, bioelectrical impedance analysis; BF, body fat; BMI, body mass index; DXA, dual-energy x-ray absorptiometry; HFZ, Healthy Fitness Zone; NIZ, Needs 

Improvement Zone; PACER, Progressive Aerobic Cardiovascular Endurance Run; SSF, sum of skinfolds; WC, waist circumference 

“Age” in sample column refers to mean age unless stated otherwise. If “age” is not stated in the sample column it’s due to the authors not reporting mean age of sample.  
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Supplement Table 2. 20mSRT performance and cardiometabolic biomarkers in children and youth  

Note: β indicates standardized Beta; B indicates unstandardized Beta 

Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1422 

Telford 

(2012); 

Australia 

Longitudinal 

(4 yr follow-

up) 

n age 8 

yr = 734 

n age 10 

yr = 586 

n age 12 

yr = 534 

Stages HOMA-IR was 

calculated using standard 

procedures 

Cardiometabolic 20mSRT performance 

was not a within-child 

predictor of HOMA-IR 

from age 8 to 12 years  

Boys β = -0.06, SE = 

0.088,  

p = ns 

Girls β = -0.118, SE = 

0.094,  

p = ns 

Sex 

School 

SES 

Pubertal status 

Weight 

BF% 

PA level 

1582  

Puder (2011); 

Switzerland 

Longitudinal 

(9 mo. 

Follow-up) 

n = 83 

T1 

range = 

6-7 yr 

T1 

range = 

11-12 yr 

Stages CRP (mg/L) was 

measured following 

standard procedures 

 

HOMA-IR was 

calculated using standard 

procedures 

Cardiometabolic  20mSRT performance 

was not a predictor of 9 

month change in CRP  

β = -0.06, 95 % CI -0.24 

to 0.12, 

p = 0.50 

 

20mSRT performance 

was not a predictor of 9 

month change in HOMA-

IR  

β = -0.05, 95 % CI -0.17 

to 0.28, 

 p = 0.60  

Age group 

Sex 

Pubertal status 

1742 

Telford 

(2009);  

Australia 

Longitudinal 

(2 yr follow-

up) 

N = 498 

T1 age 

= 8 yr 

T2 age 

Stages HOMA-IR was 

calculated from measured 

fasting insulin and 

glucose 

Cardiometabolic 20mSRT performance 

was inversely associated 

with HOMA-IR at 

follow-up in boys but not 

n/a 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

= 10 yr girls 

Boys p = 0.05  

Girls p = 0.31 

        

238 

Silva (2013); 

Portugal 

Cross-

sectional 

n = 633 

range = 

10-18 yr 

age = 

14.3 yr 

VO2max 

Fitnessgram 

TC (mg/dl) was 

measured using standard 

procedures 

 

HDL (mg/dl) was 

measured using standard 

procedures 

 

LDL (mg/dl) was 

measured using standard 

procedures 

 

TG (mg/dl) were 

measured using standard 

procedures 

 

Glucose (mg/dl) was 

measured from fasting 

blood samples 

 

SBP (mmHg) was 

measured using standard 

procedures 

 

DBP (mmHg) was 

measured using standard 

procedures 

 

Cardiometabolic 20mSRT performance 

was negatively related 

with TC  

r = -0.102, p<0.05 

 

There was no difference 

in TC between high and 

low fit groups  

(F = 0.159, p = ns) 

 

20mSRT performance 

was not related with HDL  

r = -0.035, p = ns 

 

There was no difference 

in HDL between high and 

low fit groups  

F = 1.009, p = ns 

 

20mSRT performance 

was not related with LDL  

r = -0.05, p = ns  

 

There was no difference 

in LDL between high and 

low fit groups  

F = 0.474, p = ns 

 

Age 

Sex 

WC 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

MAP (mmHg) was 

calculated using standard 

procedures 

 

CMR was calculated 

from 4 health markers: 

HDL, TG, Glucose, and 

MAP 

20mSRT performance 

was negatively related 

with TG  

r = -0.115, p<0.05  

 

There was a difference in 

TG between high and low 

fit groups  

F = 8.711, p<0.05 

 

20mSRT performance 

was not related with 

glucose  

r = 0.029, p = ns 

 

There was no difference 

in glucose levels between 

high and low fit groups  

F = 0.471, p = ns 

 

20mSRT performance 

was not related with SBP  

r =-0.009, p = ns  

 

There was no difference 

in SBP between high and 

low fit groups  

F = 1.080, p = ns 

 

20mSRT performance 

was not related with DBP  

r = -0.064, p = ns  
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

There was no difference 

in DBP between high and 

low fit groups  

F = 1.874, p = ns 

 

20mSRT performance 

was not related with 

MAP  

r = -0.046, p = ns  

 

There was no difference 

in MAP between high 

and low fit groups  

F = 1.893, p = ns 

 

20mSRT performance 

was negatively related 

with CMR  

r = -0.095, p<0.05 

 

There was a difference in 

CMR between high and 

low fit groups  

F = 5.999, p<0.05 

 

Those with low 20mSRT 

performance had greater 

odds of having high 

cardiometabolic risk than 

those with high 20mSRT 

performance 

OR 2.06, 95 % CI 1.24 to 

3.43,  p<0.05 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

339 

Thomas 

(2008); 

Wales 

Cross-

sectional 

n = 164 

range = 

12-13 yr 

age = 

12.9 yr 

Shuttles CRP (mg/l) was 

measured from fasting 

blood samples 

Cardiometabolic 20mSRT performance 

was not related with CRP 

Boys r = -0.02, p = 0.099 

Girls r = -0.11, p = 0.301 

n/a 

999 

Sobrinho 

(2015); 

Portugal 

Cross-

sectional 

n = 386 

range = 

12-18 yr 

age = 

14.03 yr 

VO2max 

Léger 

CRP (mg/l) was 

measured from fasting 

blood samples 

Cardiometabolic 20mSRT performance 

was negatively related 

with CRP in girls but not 

boys 

Boys r = -0.039, p = ns  

Girls r = -0.215, p<0.001  

Age 

Maturation 

BMI 

1056 

Buchan 

(2015); 

Scotland 

Cross-

sectional 

n = 192 

range = 

15-17.5 

yr 

age = 

16.7 yr 

Shuttles 

 

CMR was calculated 

from 5 health markers: 

interleukin-6, PAI-1, 

CRP, adiponectin 

(inverted), and fibrinogen 

Cardiometabolic 20mSRT performance 

was a negative predictor 

of CMR score  

β = -0.015, p<0.001 

Sex 

Age 

PA level 

WC 

Maturation 

Muscular 

fitness 

1086 

Carrel (2014); 

USA 

 

Cross-

sectional 

n = 141 

range = 

grades 

5-8 

age = 

12.7 yr 

Laps HOMA-IR was 

calculated from measured 

glucose and insulin 

Cardiometabolic 20mSRT performance 

was negatively related 

with HOMA-IR  

r = -0.60, 95 % CI -0.70 

to -0.48,  p<0.0001 

n/a 

1098 

Curtis (2012); 

USA 

Cross-

sectional 

n = 203 

range = 

11-14 yr 

age = 

12.2 yr 

Laps HOMA-IR was 

calculated from measured 

glucose and insulin 

 

CRP (mg/l) was 

measured using standard 

procedures 

 

Cardiometabolic 20mSRT performance 

was inversely associated 

with HOMA-IR in boys 

but not girls 

Boys p = 0.004 

Girls p = ns 

 

20mSRT performance 

n/a 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 was inversely associated 

with CRP  

Boys p<0.01 

Girls p<0.01 

1106 

Varness 

(2009);  

USA 

Cross-

sectional 

n = 82 

age = 

13.0 yr 

Laps and VO2max 

Léger 

HOMA-IR was 

calculated from measured 

glucose and insulin 

Cardiometabolic 20mSRT performance 

was inversely associated 

with HOMA-IR 

rs = -0.60, p<0.0001 

 

Predicted VO2max was a 

predictor of HOMA-IR 

β = -0.21, SE = 0.04, 

p<0.001 

 

20mSRT performance 

was a predictor of 

HOMA-IR 

β = -0.012, SE = 0.004, p 

= 0.05 

Age 

Sex 

BMI z-score 

1117 

Benser 

(2015); 

International 

Cross-

sectional 

n = 713 

range = 

12.5-

17.5 yr 

age = 

14.8 yr 

Stages and VO2max 

Léger 

Homocysteine (µmol/l) 

was measured from 

fasting blood samples 

Cardiometabolic 20mSRT performance 

was positively associated 

with homocysteine in 

boys but not girls  

Boys β = 0.015, p = 

0.051  

Girls β = -0.278, p = 

0.222 

 

Predicted VO2max was not 

a predictor of 

homocysteine 

Boys β = -0.246, p = 

Age 

Maturation 

Folate  

Cobalamin 

Creatinine 

Smoking 

Supplement 

use 

MTHFR 

677C/T 

polymorphism 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

0.100 

Girls β = 0.096, p = 0.370 

1157 

Machado-

Rodrigues 

(2015); 

Brazil 

Cross-

sectional 

n = 924 

range = 

11-17 yr 

age = 

13.7 yr 

Laps CMR was calculated 

from 5 health markers: 

insulin, TG, glucose, 

HDL, BP 

Cardiometabolic  20mSRT performance 

was inversely associated 

with CMR score  

Boys β = -0.14, 95 % CI -

0.03 to -0.01 

Girls β = -0.06, 95 % CI -

0.04 to 0.00 

MVPA 

Age 

WC 

1201 

Artero 

(2013); 

Europe 

Cross-

sectional 

n = 639 

range = 

12.5-

17.5 yr 

age = 

14.9 yr 

Half stages CRP (mg/l) was 

measured from fasting 

blood samples 

 

Complement factor 

C3(g/l) was measured 

from fasting blood 

samples 

 

Complement factor C4 

(g/l) was measured from 

fasting blood samples 

 

White blood cell count 

(10
3
/µl) was measured 

using standard 

procedures 

 

Inflammatory marker 

score was calculated 

from 5 inflammation 

markers  

Cardiometabolic 20mSRT performance 

was negatively related 

with CRP  

r = -0.141, p<0.001 

 

20mSRT performance 

was negatively related 

with complement factor 

C3  

r = -0.198, p<0.001 

 

20mSRT performance 

was negatively related 

with complement factor 

C4  

r = -0.177, p<0.001 

 

20mSRT performance 

was negatively related 

with white blood cell 

count  

r = -0.308, p<0.05 

 

Sex 

Age 

Pubertal status 

Test centre 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

20mSRT performance 

was negatively related 

with inflammatory 

marker score  

r = -0.308, p<0.001 

1234 

Andrade 

(2014);  

Ecuador 

Cross-

sectional 

n = 648  

range = 

11-15 yr 

age = 

13.6 yr 

Laps and health / 

unhealthy fitness 

(Fitnessgram cut-

points) 

Dyslipidemia was 

classified when at least 

one lipid profile reached 

a risk level 

 

Cholesterol (mg/l) was 

measured from fasting 

blood samples 

 

HDL (mg/l) cholesterol 

was measures from 

fasting blood samples 

 

LDL (mg/l) cholesterol 

was measures from 

fasting blood samples 

 

TG were measured from 

fasting blood samples 

Cardiometabolic 20mSRT performance 

was not a predictor of 

dyslipidemia  

β = 0.85, p = 0.20 

 

20mSRT performance 

was not a predictor of 

cholesterol  

Urban β% = -1.54, p = 

0.18 

Rural β% = -2.70, p = 

0.11  

 

20mSRT performance 

was not a predictor of 

HDL  

β% = -053,  p = 0.65 

 

20mSRT performance 

was not associated with 

LDL  

Urban β% = -1.72, p = 

0.34 

Rural β% = -5.70, p = 

0.13 

 

20mSRT performance 

Sex 

BMI 

SES 

Energy intake 

Residence 

Cluster 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

was not associated with 

TG 

β% = -0.23, p = 0.95 

 

Healthy fitness was not a 

predictor of dyslipidemia  

β = 0.85, p = 0.46 

 

Healthy fitness was 

associated with 

cholesterol levels in rural 

but not urban children  

Rural β% = -8.91, p<0.01 

Urban β% = -5.25, p = 

0.46 

 

Healthy fitness was not 

associated with HDL  

β% = -5.31, p = 0.08 

 

Healthy fitness was 

associated with LDL in 

rural but not urban 

children 

Rural β% = -11.71, p = 

0.04 

Urban β% = -3.31, p = 

0.46  

 

Healthy fitness was not 

associated with TG in 

children  

β% = -4.03, p = 0.67   
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1241 

Machado-

Rodrigues 

(2014); 

Brazil 

Cross-

sectional 

n = 924 

range = 

11-17 yr 

age = 

13.7 yr 

Laps CMR was calculated 

from 5 health markers: 

insulin, TG, glucose, 

HDL, and BP 

Cardiometabolic 20mSRT performance 

was a negative predictor 

of CMR in children  

Β = -0.18, B = -0.02, 95 

% CI -0.03 to -0.01, 

p<0.01 

Age 

Sex 

BMI 

MVPA 

Parental 

education 

1253 

Diez-

Fernandez 

(2014); 

Spain 

Cross-

sectional 

n = 

1158 

range = 

8-11 yr 

age = 

9.49 yr 

Half stages 

 

CMR was calculated 

from 5 health markers: 

WC, TG/HDL ratio, 

MAP, insulin 

 

Insulin (mg/dl) was 

measured from fasting 

blood samples 

 

TG/HDL (mg/dl) 

cholesterol ratio was 

measured from fasting 

blood samples 

 

MAP (mmHg) was 

calculated from measured 

systolic and diastolic 

blood pressure 

Cardiometabolic 20mSRT performance 

was a negative predictor 

of CMR 

Boys β = -0.429, p<0.001 

Girls β = -0.321, p<0.001 

 

20mSRT performance 

was a negative predictor 

of insulin  

Boys β = -0.409, p<0.001  

Girls β = -0.284, p<0.001 

 

20mSRT performance 

was a negative predictor 

of TG/HDL ratio  

Boys β = -0.308, p<0.001 

Girls β = -0.311, p<0.001 

 

20mSRT performance 

was a negative predictor 

of MAP 

Boys β = -0.251, p<0.001  

Girls β = -0.159, p<0.001 

Age 

1267 

Buchan 

(2014); 

Cross-

sectional 

n = 209  

range = 

15-17.5 

Laps TC/HDL ratio was 

calculated from measured 

fasting blood samples 

Cardiometabolic 20mSRT performance 

was not related with 

TC/HDL ratio  

Sex 

Age 

PA level 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Scotland yr 

age = 

16.7 yr 

 

SBP (mmHg) was 

measured using standard 

procedures 

 

Adiponectin (mg 1
-1

) was 

measured from fasting 

blood samples 

 

CRP (mg l
-1

) was 

measured from fasting 

blood samples 

 

Interleukin-6 (pg ml
-1

) 

was measured from 

fasting blood samples 

 

HOMA-IR was 

calculated from measured 

insulin and glucose 

 

TG (mmol 1
-1

) was 

measured from fasting 

blood samples 

 

CMR score was 

calculated from 7 health 

markers: SBP, TC:HDL 

ratio, HOMA-IR, TG, 

CRP, interleukin-6, and 

Adiponectin 

r = 0.093, p = ns 

 

20mSRT performance 

was not related with SBP 

r = -0.023, p = ns 

 

20mSRT performance 

was not related with 

adiponectin  

r = 0.079, p = ns 

 

20mSRT performance 

was not related with CRP 

r = -0.074, p = ns 

 

20mSRT performance 

was not related with 

interleukin-6  

r = -0.005, p = ns 

 

20mSRT performance 

was not related with  

HOMA-IR  

r = 0.023, p = ns 

 

20mSRT performance 

was not related with TG  

r = -0.085, p = ns 

 

20mSRT performance 

was not related with 

CMR  

r = 0.025, p = ns  

Maturation 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 

20mSRT performance 

was not a predictor of 

CMR  

β = -0.004, p = 0.507 

 

1292 

Ogunleye 

(2012);  

England 

Cross-

sectional 

n = 

5983 

range = 

10-16 yr 

 

VO2max 

Léger 

Dichotomized 

using Fitnessgram 

standards 

MAP (mmHg) was 

calculated from measured 

blood pressure 

Cardiometabolic Low performance on the 

20mSRT was not 

associated with higher 

odds of elevated MAP  

Boys OR 1.02, 95 % CI 

0.80 to -1.30  

Girls OR 1.03, 95 % CI 

0.76 to -1.39 

BMI 

Sex 

Age 

1307 

Buchan 

(2013); 

Scotland 

Cross-

sectional 

n = 192 

range = 

14-16 yr 

age = 

15.0 yr 

Laps Adiponectin (mg/l) was 

measured from fasting 

blood samples 

 

CRP (mg/l) was 

measured from fasting 

blood samples 

 

Interleukin-6 (pg/ml) was 

measured from fasting 

blood samples 

 

CMR was calculated 

from 5 health markers: 

SBP, HDL, LDL, 

HOMA-IR, and TG 

Cardiometabolic 20mSRT performance 

was not related with 

adiponectin  

r = 0.08, p = ns 

 

20mSRT performance 

was not related with CRP 

r = 0.01, p = ns 

 

20mSRT performance 

was not related with 

interleukin-6  

r = -0.11, p = ns 

 

20mSRT performance 

was not related with 

CMR  

r = 0.02, p = ns  

Age 

Sex 

Maturation 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 

20mSRT performance 

was a negative predictor 

of CMR  

β = -0.078, p<0.001 

1337 

Moreira 

(2013); 

Portugal 

Cross-

sectional 

n = 468 

range = 

15-18 yr 

age = 

16.5 yr 

 

VO2max 

Léger 

Dichotomized 

using Fitnessgram 

standards 

CMR was calculated 

from 5 health markers: 

TC:HDL ratio, TG, 

HOMA-IR, SBP, Waist-

to-height ratio 

Cardiometabolic CMR scores were 

different between unfit 

and fit groups  

p<0.001 

Pubertal status 

1342 

Jimenez-

Pavon (2013);  

Europe 

Cross-

sectional 

n = 

1053 

range = 

12.5-

17.5 yr 

age = 

14.9 yr 

VO2max 

Léger 

Insulin (µIU/ml) was 

measured from fasting 

blood samples 

 

QUICKI (insulin 

sensitivity) was measured 

from fasting blood 

samples 

HOMA-IR was measured 

from fasting blood 

samples 

 

Glucose (mmol/l) was 

measured from fasting 

blood samples 

 

Cardiometabolic 20mSRT performance 

was negatively related 

with insulin  

Boys r = -0.248, p<0.001 

Girls r = -0.29, p<0.001 

 

20mSRT performance 

was negatively related 

with QUICKI  

Boys r = 0.223, p<0.001  

Girls r = 0.281, p<0.001 

 

20mSRT performance 

was negatively related 

with HOMA-IR  

Boys r = -0.291, p<0.001 

Girls r = -0.302, p<0.001 

 

20mSRT performance 

was negatively related 

with glucose in boys but 

Pubertal status 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

not girls 

Boys r = -0.15, p<0.05 

Girls r = -0.11, p = ns 

1376 

Martins 

(2013); 

Portugal 

Cross-

sectional 

n = 79 

range = 

11-13 yr 

 

VO2max 

Léger 

Dichotomized 

using Fitnessgram 

standards 

CRP (mg/l) was 

measured from fasting 

blood samples 

 

Serum aminotransferase 

(U/l) was measured from 

fasting blood samples 

Cardiometabolic CRP levels did not differ 

between fit and unfit 

groups  

p = ns 

 

Serum aminotransferase 

was different between fit 

and unfit groups  

p<0.01  

 

Fit individuals had lower 

odds of having high 

serum aminotransferase 

compared to low fit 

individuals 

OR 0.03, 95 % CI 0.01-

0.17 

Sex 

Maturation 

Weight 

1387 

Brouwer 

(2013); 

Netherlands 

 

Cross-

sectional 

n = 565 

range = 

11-16 yr 

T1 age 

= 11.4 

yr 

T2 age 

= 16.1 

yr 

 

VO2max 

Léger 

CMR was calculated 

from 5 health markers: 

WC, glucose, TG, MAP, 

and HDL 

 

CMR was calculated 

from 4 health markers, 

excluding WC 

 

MAP (mmHg) was 

calculated according to 

standard procedures 

Cardiometabolic 20mSRT performance 

was negatively related 

with CMR  

Boys r = -0.253, p<0.01 

Girls r = -0.174, p<0.01 

 

20mSRT performance 

was a negative predictor 

of CMR independent of 

BMI and BMI change in 

boys but not a predictor 

in girls 

Age 

Test location 

Tanner stage 

Pubertal status 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 

DBP (mmHg) was 

measured according to 

standard procedures 

 

SBP (mmHg) was 

measured according to 

standard procedures 

 

TG (mmol/l) was 

measured from fasting 

blood samples 

 

HDL (mmol/l) was 

measured from fasting 

blood samples 

 

LDL (mmol/l) was 

measured from fasting 

blood samples 

 

Insulin (mU/l) was 

measured from fasting 

blood samples 

 

HOMA-IR was 

calculated using standard 

procedures 

Boys β = -0.014, 95 % CI 

-0.023 to -0.005, p<0.05 

Girls β = -0.009, 95 % CI 

-0.019 to 0.001, p = ns  

 

20mSRT performance 

was negatively related 

with CMR in boys but 

not girls 

Boys r = -0.175, p<0.01  

Girls r = -0.103, p = ns 

 

20mSRT performance 

was negatively related 

with MAP in boys but not 

girls 

Boys r = -0.120, p<0.05 

Girls r = 0.065, p = ns 

 

20mSRT performance 

was negatively related 

with DBP in boys but not 

girls 

Boys r = -0.156, p<0.01 

Girls r = 0.071, p = ns 

 

20mSRT performance 

was not related with SBP 

Boys r = -0.026, p = ns  

Girls r = 0.061, p = ns 

 

20mSRT performance 

was negatively related 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

with TG in boys but not 

girls 

Boys r = -0.119, p<0.05 

Girls r = -0.086, p = ns 

 

20mSRT performance 

was positively related 

with HDL in girls but not 

boys 

Boys r = 0.007, p = ns 

Girls r = 0.159, p<0.01 

 

20mSRT performance 

was not related with LDL 

Boys r = -0.107, p = ns  

Girls r = 0.045, p = ns 

 

20mSRT performance 

was not related with TC  

Boys r = -0.086, p = ns 

Girls r = 0.089, p = ns 

 

20mSRT performance 

was negatively related 

with glucose in boys but 

not girls 

Boys r = -0.166, p<0.01 

Girls r = -0.042, p = ns 

 

20mSRT performance 

was negatively related 

with insulin  

Boys r = -0.314, p<0.01  
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Girls r = -0.180, p<0.01 

 

20mSRT performance 

was negatively related 

with HOMA-IR 

Boys r = -0.314, p<0.01 

Girls r = -0.180, p<0.01 

 

20mSRT performance 

was a negative predictor 

of HOMA-IR 

Boys B = -0.021, 95 % 

CI -0.03 to -0.012, 

p<0.01  

Girls B = -0.012, 95 % CI 

-0.021 to -0.002, p<0.05 

1408 

Marcelino 

(2012); 

Portugal 

Cross-

sectional 

n = 

4036 

range = 

10-18 yr 

VO2max 

Dichotomized 

using Fitnessgram 

standards 

Blood pressure (mmHg) 

was measured using 

standard procedures 

Cardiometabolic 20mSRT performance 

was associated with SBP 

across BMI categories in 

boys but not girls 

Boys p<0.05  

Girls p = ns 

 

20mSRT performance 

was not associated with 

DBP across BMI 

categories 

p = ns 

 

20mSRT performance 

was associated with SBP 

in girls but not boys 

n/a 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

across %BF categories 

Boys p = ns 

Girls p<0.05 

 

20mSRT performance 

was associated with DBP 

in boys and girls across 

%BF categories 

Boys p<0.05 

Girls p<0.01 

1418 

Naidoo 

(2012); 

South Africa  

Cross-

sectional 

n = 170 

range = 

grades 

3-7 

age = 

9.4 yr 

VO2max 

Léger 

Dichotomized by 

the 50
th

 percentile 

CRP concentration 

(pg/ml) was calculated as 

the secretion rate of 

salivary CRP 

 

Salivary CRP rate 

(pg/min) was calculated 

by multiplying absolute 

salivary CRP by salivary 

flow rate 

Cardiometabolic Those with low 20mSRT 

performance had greater 

odds of having high CRP 

compared to those with 

high 20mSRT 

performance 

OR 3.9, 95 % CI 1.7-8.9,  

p = 0.001  

 

Those with low 20mSRT 

performance had greater 

odds of having a higher 

salivary CRP rate 

compared to those with 

high 20mSRT 

performance 

OR 2.7, 95 % CI 1.2-6.1,  

p = 0.02 

BMI 

BF% 

1432 

Musa (2012); 

Nigeria 

Cross-

sectional 

n = 

3243 

range = 

9-15 yr 

Laps Resting SBP and DBP 

(mmHg) were measured 

using an automated 

digital blood pressure 

Cardiometabolic 20mSRT performance 

was not a predictor of 

SBP in children 

Boys β = -0.056, p = ns  

Age 

Blood Pressure 

BMI 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 monitor Girls β = 0.006, p = ns  

 

20mSRT performance 

was not a predictor of 

DBP in children  

Boys β = 0.025, p = ns  

Girls β = 0.033, p = ns  

 

20mSRT performance 

was not a predictor of 

SBP in adolescents 

Boys β = -0.012, p = ns 

Girls β = -0.058, p = ns 

 

20mSRT performance 

was not a predictor of 

DBP in adolescents 

Boys β = -0.002, p = ns 

Girls β = 0.067, p = ns  

1433 

Llorente-

Cantarero 

(2012); 

Spain 

Cross-

sectional 

n = 141 

range = 

7-12 yr 

 

Stages 

Dichotomized into 

low 20mSRT 

performance and 

high 20mSRT 

performance 

groups 

SBP and DBP (mmHg) 

were measured using 

standardized procedures 

 

HDL cholesterol (mg/dl) 

was measured from 

fasting blood samples 

 

TAG (mg/dl) was 

measured from fasting 

blood samples 

 

Glucose (mg/dl) was 

Cardiometabolic There were no 

differences in SBP 

between low and high 

20mSRT performance 

groups 

p = 0.15  

 

There were no 

differences in DBP 

between low and high 

20mSRT performance 

groups  

p = 0.82 

n/a 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

measured from fasting 

blood samples 

 

Insulin (mU/l) was 

measured from fasting 

blood samples 

 

HOMA-IR was 

calculated from measured 

insulin and glucose 

 

Aspartate 

aminotransferase (U/l) 

was measured from 

fasting blood samples 

 

CRP (mg/dl) was 

measured from fasting 

blood samples 

 

LDL (mg/dl) cholesterol 

was measured from 

fasting blood samples 

 

 

 

HDL cholesterol was 

higher in the high 

20mSRT performance 

group compared with the 

low 20mSRT 

performance group 

p = 0.001 

 

 TAG was higher in the 

low 20mSRT 

performance group when 

compared with the high 

fitness group 

p = 0.004 

 

20mSRT performance 

was negatively related 

with TAG  

r = -0.196, p = 0.023  

 

Glucose levels were 

higher in the low 

20mSRT performance 

group when compared 

with the high 20mSRT 

performance group 

p = 0.033 

 

Insulin levels were higher 

in the low 20mSRT 

performance group when 

compared with the high 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

20mSRT performance 

group 

p<0.001 

 

HOMA-IR was higher in 

the low 20mSRT 

performance group when 

compared with the high 

20mSRT performance 

group p<0.001 

 

20mSRT performance 

was negatively related 

with HOMA-IR 

 r = -0.240, p = 0.05 

 

Aspartate 

aminotransferase was 

higher in the high 

20mSRT performance 

group when compared 

with the low 20mSRT 

performance group 

p = 0.001 

 

CRP was higher in the 

low 20mSRT 

performance group when 

compared with the high 

20mSRT performance 

group 

p = 0.02 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

20mSRT performance 

was negatively related 

with LDL cholesterol  

r = -0.227, p = 0.008 

1487 

Martinez-

Gomez 

(2012); 

Spain 

Cross-

sectional 

n = 198 

range = 

13-17 yr 

age = 

14.8 yr 

 

Laps  

 

VO2max 

Léger 

Dichotomized 

using Fitnessgram 

standards 

Adiponectin (µg/ml) was 

measured from fasting 

blood samples 

Cardiometabolic Adiponectin was higher 

in the low 20mSRT 

performance group when 

compared with the high 

20mSRT performance 

group p = 0.014 

 

20mSRT performance 

was a negative predictor 

of adiponectin levels  

β = -0.193, p = 0.028 

Age 

Sex 

Pubertal status 

WC 

1526 

Artero 

(2011); 

Europe 

Cross-

sectional 

n = 709 

range = 

12.5-

17.5 yr 

age = 

14.9 yr 

Stages SBP and DBP (mmHg) 

were measured using an 

automated blood pressure 

monitor 

 

HOMA-IR was 

calculated from measured 

insulin and glucose 

 

TG (mg/dl) was 

measured from fasting 

blood samples 

 

TC/HDL-c ratio was 

calculated from measured 

values using standard 

procedures 

Cardiometabolic 20mSRT performance 

was not related with SBP  

r = -0.046, p = ns 

 

20mSRT performance 

was negatively related 

with HOMA-IR  

r = -0.265, p<0.001 

 

20mSRT performance 

was negatively related 

with TG 

r = -0.168, p<0.001 

 

20mSRT performance 

was negatively related 

with TC/HDL ratio  

Age 

Sex 

Pubertal status 

Center 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 

CMR was measured from 

5 health markers: WC, 

SBP, HOMA-IR, TG and 

TC:HDL ratio 

r = -0.208, p<0.001 

 

20mSRT performance 

was negatively related 

with CMR 

r = -0.313, p<0.001 

 

20mSRT performance 

was a negative predictor 

of CMR 

β = -0.264, p<0.001 

 

Those in the least fit 

20mSRT performance 

quartile had increased 

odds of having  higher 

CMR scores compared to 

the high 20mSRT 

performance quartile 

 OR 4.3, 95 % CI 2.0-9.3, 

p<0.001 

1545 

Neto (2011); 

Brazil 

Cross-

sectional 

n = 456 

range = 

10-18 yr 

 

VO2max 

Léger 

 

CMR was determined 

using the age-modified 

standards of the ATP III 

MetS criteria which uses 

5 health markers: WC, 

SBP, TG, HDL, and 

hyperglycemia 

Cardiometabolic  A higher prevalence of 

high CMR was observed 

in those with low 

20mSRT performance 

when compared with 

20mSRT performance 

groups 

p<0.05  

 

There were increased 

odds of having higher 

Age 

Sex 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

MRS in those with low 

20mSRT performance 

compared with those with 

high 20mSRT 

performance 

 OR 3.0, 95 % CI 1.13-

7.94  

1572 

Jimenez-

Pavon (2011);  

Europe 

Cross-

sectional 

n = 

1053 

range = 

12.5-

17.5 yr 

age = 

14.9 yr 

VO2max 

Léger 

 

Insulin (µIU/ml) was 

measured from fasting 

blood samples 

 

Glucose (mmol/l) was 

measured from fasting 

blood samples 

 

HOMA-IR was 

calculated from measured 

insulin and glucose levels 

Cardiometabolic 20mSRT performance 

was negatively related 

with insulin levels  

Boys r = -0.23, p<0.01  

Girls r = -0.21, p<0.01 

 

20mSRT performance 

was negatively related 

with glucose levels in 

boys but not in girls 

Boys r = -0.13, p<0.01 

Girls r = -0.02, p = ns 

 

20mSRT performance 

was negatively related 

with HOMA-IR 

Boys r = -0.23, p<0.01 

Girls r = -0.18, p<0.01 

Test center 

Age 

Pubertal status 

Body 

composition 

1582  

Puder (2011); 

Switzerland 

Cross-

sectional 

n = 83 

T1 

range = 

6-7 yr 

T1 

range = 

11-12 yr 

Stages CRP (mg/l) was 

measured from a blood 

sample. 

 

HOMA-IR was 

calculated using standard 

procedures 

Cardiometabolic 20mSRT performance 

was a negative predictor 

of CRP  

β = -0.16, 95 % CI -0.28 

to -0.03,  

p = 0.02  

 

Age  

Sex 

Pubertal status 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

20mSRT performance 

was a negative predictor 

of HOMA-IR  

β = -0.08, 95 % CI -0.14 

to -0.01,  

p = 0.02  

1657 

Martinez-

Gomez 

(2010); Spain 

Cross-

sectional 

n = 192 

range = 

13-17 yr 

age = 

14.8 yr 

Laps Glucose (mmol/l) was 

measured from fasting 

blood samples 

 

Insulin (mU/dl) was 

measured from fasting 

blood samples 

 

HOMA-IR was 

calculated from measured 

insulin and glucose levels 

 

CRP (mg/l) was 

measured from fasting 

blood samples 

 

Interleukin-6 (pg/ml) was 

measured from fasting 

blood samples 

 

Complement factor C3 

and complement factor 

C4 (g/l) were measured 

from fasting blood 

samples 

Cardiometabolic 20mSRT performance 

was not related with 

glucose levels  

r = -0.125, p = ns 

 

20mSRT performance 

was negatively related 

with insulin levels  

r = -0.151, p<0.05 

 

20mSRT performance 

was negatively related 

with HOMA-IR  

r = -0.158, p<0.05 

 

20mSRT performance 

was negatively related 

with CRP 

 r = -0.148, p<0.05 

 

20mSRT performance 

was not a predictor of 

CRP  

β = -0.121, p = 0.227 

 

20mSRT performance 

Age 

Sex 

Pubertal status 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

was not related with 

interleukin-6  

r = 0.019, p = ns 

 

20mSRT performance 

was not a predictor of 

interleukin-6  

β = 0.045, p = 0.691 

 

20mSRT performance 

was negatively related 

with complement factor 

C3  

r = -0.323, p<0.001  

 

20mSRT performance 

was a negative predictor 

of complement factor C3  

β = -0.227, p = 0.022  

 

 

20mSRT performance 

was negatively related 

with complement factor 

C4 

r = -0.250, p<0.001  

 

20mSRT performance 

was not a predictor of 

complement factor C4  

β = -0.163, p = 0.113 

1677 Cross- n = Laps TC (mg/dl) was Cardiometabolic 20mSRT performance Race, 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Jago (2010); 

USA 

sectional 4955 

range = 

11-12 yr 

 

measured from fasting 

blood samples 

 

HDL cholesterol (mg/dl)  

was measured from 

fasting blood samples 

 

LDL cholesterol (mg/dl)  

was measured from 

fasting blood samples 

 

TG (mg/dl)  was 

measured from fasting 

blood samples 

 

SBP and DBP (mmHg) 

were measured using an 

automated blood pressure 

analyzer 

 

Glucose (mg/dl) was 

measured from fasting 

blood samples 

 

Insulin ( µU/ml)was 

measured from fasting 

blood samples 

was not associated with 

TC  

Boys F = 2.00, p = 0.09 

Girls F = 1.43, p = 0.22 

 

20mSRT performance 

was not associated with 

HDL cholesterol  

Boys F = 1.85, p = 0.12 

Girls F =1.05, p = 0.38 

 

20mSRT performance 

was associated with LDL 

cholesterol in boys but 

not girls 

Boys F = 3.48, p = 0.008 

Girls F = 1.96, p = 0.10 

 

20mSRT performance 

was associated with TG 

in girls but not boys 

Boys F = 1.10, p = 0.36 

Girls F = 3.15, p = 0.01  

 

20mSRT performance 

was associated with SBP 

Boys F = 6.17, p<0.0001 

Girls F = 2.11, p = 0.08 

 

20mSRT performance 

was associated with DBP 

in girls but not boys 

Boys F = 0.82, p = 0.51 

Household 

education 

Pubertal stage 

BMI 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 Girls F = 2.54, p = 0.04  

 

20mSRT performance 

was not associated with 

glucose  

Boys F = 0.60, p = 0.66  

Girls F = 0.50, p = 0.74 

 

20mSRT performance 

was associated with 

insulin  

Boys F = 7.35, p<0.0001 

Girls F = 6.50, p<0.0001 

1735 

Martinez-

Gomez 

(2009); 

Spain 

Cross-

sectional 

n = 202 

range = 

13-17 yr 

Laps SBP and DBP (mmHg) 

were measured using an 

automated blood pressure 

monitor 

 

TC (mg/dl) was 

measured from fasting 

blood samples 

 

HDL cholesterol (mg/dl) 

was measured from 

fasting blood samples 

 

TG (mg/dl) was 

measured from fasting 

blood samples 

 

Glucose (mg/dl) was 

measured from fasting 

Cardiometabolic 20mSRT performance 

was not related with SBP  

r = -0.014, p = ns 

 

20mSRT performance 

was not related with DBP 

r = -0.129, p = ns 

 

20mSRT performance 

was not related with TC 

r = -0.019, p = ns 

 

20mSRT performance 

was not related with HDL 

cholesterol  

r = 0.085, p = ns 

 

20mSRT performance 

was negatively related 

n/a 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

blood samples 

 

Insulin (mU/dl) was 

measured from fasting 

blood samples 

 

CMR was calculated 

from using methods from 

three different studies 

with TG  

r = -0.179, p<0.05 

 

20mSRT performance 

was not related with 

glucose levels  

r = -0.098, p = ns 

 

20mSRT performance 

was negatively related 

with insulin 

r = -0.194, p<0.05 

 

20mSRT performance 

was inversely associated 

with all three CMR 

scores  

Corpus Christi Study  

β = -0.322, p = 0.002 

Aerobic Center Study  

β = -0.216, p = 0.016  

European Youth Heart 

Study 

β = -0.357, p = 0.001  

1742 

Telford 

(2009);  

Australia 

Cross-

sectional 

N = 498 

T1 age 

= 8 yr 

 

Stages HOMA-IR was 

calculated from measured 

fasting insulin and 

glucose 

Cardiometabolic 20mSRT performance 

was inversely associated 

with HOMA-IR at T1 

Boys p = 0.02  

Girls p<0.001 

n/a 

1781 

Sakuragi 

(2008); 

Cross-

sectional 

n = 573 

range = 

10 yr 

Stages Pulse wave velocity (m/s) 

was assessed non-

invasively using the 

Cardiometabolic 20mSRT performance 

was negatively related 

with pulse wave velocity  

n/a 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Australia age = 

10.1yr 

Sphygmocor system 

 

 

r = -0.233, p<0.0001  

 

20mSRT performance 

was a negative predictor 

of pulse wave velocity 

β = -0.047, 95 % CI -0.07 

to -0.024, p<0.0001 

1797 

Hoekstra 

(2008);  

Ireland 

Cross-

sectional 

n = 

2016 

range = 

12 and 

15 yr 

VO2max 

 

Resting SBP and DBP 

(mmHg) were measured 

manually 

 

TC (mmol/l) was 

measured from fasting 

blood samples  

 

HDL cholesterol 

(mmol/l) was measured 

from fasting blood 

samples 

Cardiometabolic 20mSRT performance 

was a negative predictor 

of SBP in 12 year old 

boys but not girls 

Boys β = -0.291, 95 % CI 

-0.478 to -0.104, p = 

0.002 

Girls β = -0.127, 95 % CI 

-0.305 to 0.051, p = 0.162 

 

20mSRT performance 

was a negative predictor 

of SBP in 15 year olds 

Boys β = -0.242, 95 % CI 

-0.450 to -0.034, p = 

0.027 

Girls β = -0.199, 95 % CI 

-0.374 to -0.023, p = 

0.027 

 

20mSRT performance 

was a negative predictor 

of DBP in 12 year olds 

Boys β = -0.201, 95 % CI 

-0.346 to -0.057, p = 

Maturation 

SES 

PA score 

Muscular 

fitness 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

0.006 

Girls β = -0.151, 95 % CI 

-0.284 to -0.018, p = 

0.026 

 

20mSRT performance 

was a negative predictor 

of DBP in 15 year old 

girls but not boys 

Boys β = -0.090, 95 % CI 

-0.228 to 0.047, p = 0.196 

Girls β = -0.220, 95 % CI 

-0.357 to -0.084, p = 

0.002  

 

20mSRT performance 

was a negative predictor 

of TC in 12 year olds 

Boys β = -0.012, 95 % CI 

-0.024 to -0.001, p = 

0.039 

Girls β = -0.012,  95 % 

CI -0.024 to 0.000, p = 

0.042 

 

20mSRT performance 

was a negative predictor 

of TC in 15 year old boys 

but not girls 

Boys β = -0.024, 95 % CI 

-0.034 to -0.013, p = 

0.039 

Girls β = -0.004, 95 % CI 



 

273 

 

Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

-0.015 to 0.007, p = 0.457 

 

20mSRT performance 

was a positive predictor 

of HDL cholesterol in 12 

year olds 

Boys β = 0.008, 95 % CI 

0.003-0.013, p = 0.003  

Girls β = 0.006, 95 % CI 

0.001-0.010, p = 0.018 

 

20mSRT performance 

was a positive predictor 

of HDL cholesterol in 15 

year olds 

Boys β = 0.005, 95 % CI 

0.00-0.01, p = 0.043 

Girls β = 0.008, 95 % CI 

0.003 0.013, p = 0.002 

 

20mSRT performance 

was negative predictor of 

TC:HDL ratio in 12 year 

olds 

Boys β = -0.033, 95 % CI 

-0.046 to -0.019, p<0.001  

Girls β = -0.025, 95 % CI 

-0.038 to -0.011, p<0.001 

 

20mSRT performance 

was a negative predictor 

of TC:HDL ratio in 15 

year olds 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Boys β = -0.036, 95 % CI 

-0.051 to -0.021, p<0.001 

Girls β = -0.021, 95 % CI 

-0.035 to -0.007, p = 

0.003 

1885 

Garcia-Artero 

(2007); 

Spain 

Cross-

sectional 

n = 460 

range = 

13-18.5 

yr 

VO2max 

Léger 

 

CMR was calculated 

from 4 health markers: 

TG, HDL, LDL, and 

glucose 

Cardiometabolic Lipid CMR was different 

between 20mSRT 

performance tertiles for 

boys but not girls  

Boys 1
st
 vs 3

rd
, p = 0.003; 

 2
nd

 vs 3
rd

, p = 0.027  

Girls p = ns 

Age 

Maturation 

PA 

Muscular 

strength 

1910 

Ruiz (2007); 

Spain 

Cross-

sectional 

n = 156 

range = 

13-18.5 

yr 

age = 

14.8 yr 

VO2max 

Léger 

 

Homocysteine (mg/l) was 

measured from fasting 

blood samples 

Cardiometabolic 20mSRT performance 

was negatively related 

with homocysteine in 

girls but not boys 

Boys r = 0.05, p = ns 

Girls r = -0.38, p<0.02 

 

20mSRT performance 

was a negative predictor 

of homocysteine in girls 

but not boys 

Boys β = 0.12, 95 % CI -

0.03 to 0.06, p = 0.51 

Girls β = -0.40, 95 % CI -

0.11 to -0.02, p = 0.007  

Age 

Pubertal stage 

Birth weight 

Smoking  

SES 

Sum of SF 

Serum folic 

acid 

Serum vitamin 

B12 

Genotype 

marker 

1952 

Mesa (2006); 

Spain 

Cross-

sectional 

n = 

2090 

range = 

13-18.5 

yr 

Stages 

 

TC (mg/dl) was 

measured from fasting 

blood samples 

 

TG (mg/dl) was 

Cardiometabolic 20mSRT performance 

was not associated with 

TC 

Boys p for trend = 0.915 

Girls p for trend = 0.903 

Age 

Maturation 

SES 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 measured from fasting 

blood samples 

 

LDL cholesterol (mg/dl) 

was measured from 

fasting blood samples 

 

HDL cholesterol (mg/dl) 

was measured from 

fasting blood samples 

 

Apolipoprotein A (mg/dl) 

was measured from 

fasting blood samples 

 

Apolipoprotein B (mg/dl) 

was measured from 

fasting blood samples 

 

Lipoprotein A (mg/dl) 

was measured from 

fasting blood samples 

 

CMR was calculated 

from 4 health markers: 

TG, HDL, LDL, and 

glucose 

 

 

 

20mSRT performance 

was associated with TG 

in boys but not in girls 

Boys p for trend = 0.004  

Girls p for trend = 0.191 

 

20mSRT performance 

was not associated with 

LDL cholesterol  

Boys p for trend = 0.202 

Girls p for trend = 0.415 

 

20mSRT performance 

was associated with HDL 

cholesterol  

Boys p for trend = 0.013 

Girls p for trend = 0.045 

 

20mSRT performance 

was associated with Apo 

A in boys but not girls  

Boys p for trend = 0.028  

Girls p for trend = 0.173 

 

20mSRT performance 

was not associated with 

Apo B  

Boys p for trend = 0.840  

Girls p for trend = 0.261 

 

20mSRT performance 

was not associated with 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

lipoprotein A  

Boys p for trend = 0.773  

Girls p for trend = 0.573 

 

20mSRT performance 

was inversely associated 

with CMR score in 

children 

Normal weight p for 

trend<0.05 Overweight p 

for trend<0.05  

2070 

Nielsen 

(2003); 

International 

Cross-

sectional 

n = 

13557 

range = 

15-20 yr 

age = 

17.2 yr 

VO2max 

Léger 

 

SBP and DBP (mmHg) 

were measured using 

both manual and 

automated techniques 

Cardiometabolic Those in the lowest 

20mSRT performance 

quintile had increased 

odds of having 

hypertension compared 

with those in the higher 

20mSRT performance 

group 

Boys OR 1.3, 95 % CI 

1.1-1.7, 

p = 0.01  

Girls OR 1.5, 95 % CI 

1.3-1.8, p<0.00  

Age 

BMI 

Daily smoking 

Hash smoking 

Alcohol 

Sweets 

Coffee 

2091 

Guerra 

(2002); 

Portugal 

Cross-

sectional 

n = 529 

range = 

8-15 yr 

 

VO2max 

Léger 

 

SBP and DBP (mmHg) 

were measured using 

automated blood pressure 

monitors 

Cardiometabolic 20mSRT performance 

was not associated with 

SBP  

Boys F = 0.313, p = ns 

Girls F = 0.426, p = ns 

 

20mSRT performance 

was not associated with 

Age 

Weight 

Height 

Fat free mass 

Fat percentage 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

DBP  

Boys F = 0.020, p = ns 

Girls F = 0.125,p = ns 

2118 

Boreham 

(2001); 

Ireland 

Cross-

sectional 

n = 

1015 

range = 

12 and 

15 yr 

 

Laps 

 

SBP and DBP (mmHg) 

were measured using 

manual techniques 

 

TC (mmol/l) was 

measured from non-

fasting blood samples 

 

HDL cholesterol 

(mmol/l) was measured 

from non-fasting blood 

samples 

 

TC:HDL ratio was 

calculated from non-

fasting blood samples  

Cardiometabolic 20mSRT performance 

was not a predictor of 

SBP in 12 year olds  

Boys β = 0.01, p = ns  

Girls β = 0.11, p = ns 

 

20mSRT performance 

was not a predictor of 

SBP in 15 year olds  

Boys β = 0.03, p = ns  

Girls β = -0.09, p = ns 

 

20mSRT performance 

was not a predictor of 

DBP in 12 year olds 

Boys β = 0.11, p = ns 

Girls β = 0.02, p = ns 

 

20mSRT performance 

was not a predictor of 

DBP in 15 year olds  

Boys β = 0.09, p = ns 

Girls β = -0.11, p = ns 

 

20mSRT performance 

was not a predictor of TC 

in 12 year olds  

Boys β = -0.11, p = ns  

Girls β = 0.12, p = ns 

Social class 

Maturation 

Fatness 
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 

20mSRT performance 

was not a predictor of TC 

in 15 year olds  

Boys β = -0.10, p = ns  

Girls β = 0.04,p = ns 

 

20mSRT performance 

was not a predictor of 

HDL cholesterol in 12 

year olds 

Boys β = -0.05, p = ns  

Girls β = 0.08, p = ns 

 

20mSRT performance 

was not a predictor of 

HDL cholesterol in 15 

year olds 

Boys β = 0.09, p = ns  

Girls β = -0.04, p = ns 

 

20mSRT performance 

was not a predictor of 

TC:HDL cholesterol ratio 

in 12 year olds  

Boys β = -0.04, p = ns  

Girls β = 0.03, p = ns 

 

20mSRT performance 

was not a predictor of 

TC:HDL cholesterol ratio 

in 15 year olds  

Boys β = -0.13, p = ns  
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Reference # 

Author 

(year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Girls β = 0.07, p = ns 
*Note 20mSRT, 20 meter shuttle run test; BP, blood pressure; CMR, cardiometabolic risk; CRP, c-reactive protein; DBP, diastolic blood pressure; HDL, high density lipoprotein; HOMA-IR, homeostatic 
model assessment – insulin resistance; LDL, low density lipoprotein; MAP, mean arterial pressure; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides 
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Supplement Table 3. 20mSRT performance and cognition/academic achievement in children and youth 

Note: β indicates standardized Beta; B indicates unstandardized Beta; ***Indicates questionnaire has good psychometric properties 

Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1591 

Niederer 

(2011); 

Switzerland 

Longitudinal 

(9 month 

follow-up) 

n = 245 

range = 4-6 yr 

age = 5.2 yr 

Stages Spatial working memory 

was measured using a 

validated intelligence 

scale from the 

Intelligence and 

Development Scales *** 

 

Attention was measured 

using the validated 

KHV-VK test for 

preschoolers *** 

Cognition  

20mSRT performance was not 

associated with spatial working 

memory at follow-up 

β = 0.08, 95 % CI -0.09 to 0.24, 

p = 0.37 

 

20mSRT performance was 

positively associated with 

attention at follow-up 

β = 0.25, 95 % CI 0.03-0.48, 

p = 0.03 

Sex 

Age 

BMI 

Migration 

status 

Parental 

education 

Native 

language 

Linguistic 

region 

        

211 

Williams 

(2013); 

USA 

Cross-

sectional 

n = 171 

range = 17-18 

yr 

age = 17.3 yr 

 

VO2max 

Fitnessgram 

Health knowledge was 

measured using FitSmart 

Cognition 20mSRT performance was 

associated with Health knowledge 

(r = 0.26, p = 0.001) 

 

20mSRT performance was a 

positive predictor of Health 

knowledge  

β = 0.56, p<0.001 

Age 

Sex 

280 

Du Toi 

(2011); 

South Africa 

Cross-

sectional 

n = 212 

range = 9-12 

yr 

age = 10.7 yr 

 

Boys = 10.8 yr 

Laps Academic achievement 

was determined by end-

year averages from 8 

courses 

Cognition 20mSRT performance was 

positively related with academic 

achievement in girls but not boys 

Boys r = 0.12, p = ns 

Girls r = 0.21, p<0.05 

n/a 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Girls = 10.6 yr 

310 

Joshi (2011); 

USA 

Cross-

sectional 

n = 19695 

range = Gr. K-

12 

 

VO2max 

Fitnessgram 

Standardized state-wide 

tests for math and 

English-Language Arts  

Cognition 20mSRT performance was 

positively related to English 

Language Arts score  

X
2
 = 139.5, p<0.001 

 

20mSRT performance was 

positively related to math score  

X
2
 = 98.6, p<0.001 

n/a 

606 

Wittberg 

(2010); 

USA 

Cross-

sectional 

n = 1941 

range = 9-13 

yr 

 

Laps Academic achievement 

was assessed by state-

wide standardized 

reading, math, science 

and social studies tests 

(WESTEST) 

 

 

Cognition 20mSRT performance was 

positively associated with reading 

score in girls but not boys 

Boys r = 0.06, p = ns 

Girls r = 0.16, p<0.001 

 

20mSRT performance was 

positively associated with math 

score in girls but not boys 

Boys r = 0.04, p = ns 

Girls r = 0.16, p<0.001 

 

20mSRT performance was 

positively associated with science 

score in girls but not boys 

Boys r = -0.06, p = ns 

Girls r = 0.10, p <0.01 

 

20mSRT performance was 

positively associated with social 

studies score in girls but not boys 

Boys r = -0.03, p = ns 

n/a 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Girls r = 0.12, p<0.01 

1179 

Hansen 

(2014); 

USA 

Cross-

sectional 

n = 687 

age = 7.8 

Laps Academic achievement 

was assessed using the 

Weschsler Individual 

Achievement Test (3
rd

 

ed) to measure reading, 

spelling and mathematics 

Cognition 20mSRT performance was not a 

predictor of reading scores 

B = 0.06, 95 % CI -0.10 to 0.22, 

p = 0.463 

 

20mSRT performance was a 

positive predictor of spelling 

scores 

B = 0.32, 95 % CI 0.14 to 0.50, 

p = 0.001 

 

20mSRT performance was a 

positive predictor of mathematics 

score 

B = 0.55, 95 % CI 0.37 to 0.72, 

p<0.001 

Grade 

Sex 

Race 

Ethnicity 

Mother’s 

education level 

Household 

income 

 BMI 

Test site 

1216 

Sardinha 

(2014); 

Portugal 

Cross-

sectional 

n = 1531 

range = 12-14 

yr 

age = 12.3 yr 

VO2max 

Fitnessgram 

Academic achievement 

was assessed by using 

end of year grades 

Cognition Fit students from 20mSRT 

performance had increased odds 

of having higher academic 

achievement compared to unfit 

students 

High AA OR 2.27, 95 % CI  

1.46-3.52 

p<0.001  

Sex 

Weight status 

Cohort 

1237 

Scudder 

(2013); 

USA 

Cross-

sectional 

n = 397 

range = 6-9 yr 

age = 7.6 yr 

Laps Inhibitory control was 

measured using the 

Flanker task *** 

 

Memory was assessed 

using the spatial n-back 

Cognition 20mSRT performance was 

negatively associated with 

compatible reaction time, both 

congruent and incongruent tests 

Cong. β = -0.20, p<0.01 

InCong. β = -0.18, p<0.01 

Grade 

Sex 

Household 

income 

BMI 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

task ***  

20mSRT performance was 

positively associated with 

compatible accuracy, both 

congruent and incongruent tests 

Cong. β = 0.12, p<0.05 

InCong. β = 0.11, p<0.05 

 

20mSRT performance was 

negatively associated with 

incompatible reaction time, both 

congruent and incongruent tests 

Cong. β = -0.12, p<0.05 

InCong. β = -0.11, p<0.05 

 

20mSRT performance was 

positively associated with 

incompatible congruent accuracy, 

but not incongruent accuracy 

Cong. β = 0.13, p<0.05 

InCong. β = 0.08, p = ns 

 

20mSRT performance was 

positively associated with 

working memory during the 1- 

and 2-back tasks 

1-back β = 0.17, p<0.01 

2-back β = 0.19, p<0.01  

1316 

Rauner 

(2013); 

Cross-

sectional 

n = 11743 

range = Gr. 4-

11 

VO2max 

Fitnessgram 

Academic achievement 

was assessed using state-

wide math and reading 

Cognition Unfit students from 20mSRT 

performance had lower odds of 

passing the math test 

SES 

 Sex 

Grade level 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

USA  tests OR 0.70, p<0.05 

Unfit students from 20mSRT 

performance had lower odds of 

passing the reading test  

OR 0.70, p<0.05 

Ethnicity 

School 

1334 

Bass (2013) 

USA 

Cross-

sectional 

n = 838 

range = Gr. 6-

8 

age = 13.1 yr 

Laps Academic achievement 

was assessed using state-

wide math and reading 

tests 

Cognition 20mSRT performance was 

positively related to reading test 

scores 

Boys r = 0.12, p<0.05 

Girls r = 0.20, p<0.05 

 

20mSRT performance was 

positively related to math test 

score 

Boys r = 0.16, p<0.05 

Girls r = 0.27, p<0.05 

 

Children with high 20mSRT 

performance had increased odds 

of meeting or exceeding reading 

test score cut-offs 

Boys OR 2.81, 95 % CI 1.56-5.07 

Girls OR 2.58, 95 % CI 1.39-4.78 

 

Children with high 20mSRT 

performance had increased odds 

of meeting or exceeding math test 

score cut-offs 

Boys OR 3.15, 95 % CI 1.90-5.21 

Girls OR 2.08, 95 % CI 1.10-3.93 

SES 

Age 

1335 Cross- n = 1701 n/a Academic achievement Cognition 20mSRT performance was not n/a 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Coe (2013); 

USA 

sectional range = Gr. 3,6 

and 9 

 

was assessed by state-

wide math, English and 

social studies tests 

related to math score in Grade 6 

or Grade 9  

Gr. 6 r = 0.07, p = ns 

Gr. 9 r = 0.02, p = ns 

 

20mSRT performance was not 

related to English score in Grade 

6 or Grade 9 

Gr. 6 r = 0.03, p = ns 

Gr. 9 r = 0.04, p = ns 

 

20mSRT performance was not 

related to social studies score in 

Grade 6 or Grade 9  

Gr. 6 r = 0.06, p = ns 

Gr. 9 r = 0.07, p = ns 

1407 

Coe (2012); 

USA 

Cross-

sectional 

n = 312 

range = Gr. 6-

8 

age = 12.1 yr 

Laps Academic achievement 

was assessed using end 

of year grades from 4 

classes 

Cognition 20mSRT performance was 

positively related with student 

grades  

r = 0.22, p <0.01 

n/a 

1482 

Telford 

(2012); 

Australia 

Cross-

sectional 

n = 757 

range = 8-10 

yr 

 

Stages Academic achievement 

was determined by 

government mandated 

reading, numeracy and 

writing tests 

Cognition 20mSRT performance was not 

associated with child reading 

scores  

β = 2.0, SE = 8.7, p = 0.82 

 

20mSRT performance was 

positively associated with child 

numeracy scores 

β = 17.3, SE = 7.7, p = 0.03 

 

20mSRT performance was 

PA level 

BF % 

SES 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

positively associated with child 

writing scores 

β = 14.9, SE = 7.0, p = 0.03 

1502  

Padilla-

Moledo 

(2011) 

Spain 

Cross-

sectional 

n = 684 

range = 6-17.9 

yr 

 

Children = 6-

11.9 yr 

Adolescents = 

12-17.9 yr 

VO2max 

Leger 

Academic achievement 

was self-reported on a 

Likert scale using the 

HSBC questionnaire 

Cognition 20mSRT performance was not 

associated with Academic 

Achievement in children or 

adolescents 

Children β = 0.09, p = 0.09 

Adolescents β = -0.08, p = 0.14 

Sex 

1850 

Buck (2007); 

USA 

Cross-

sectional 

n = 74 

range = 7-12 

yr 

age = 9.3 yr 

Laps Concentration was 

measured by the Stroop 

Colour and Word test 

 

Executive function was 

measured using the 

Kaufman Brief 

Intelligence Test 

Cognition 20mSRT performance was 

positively related with the Stroop 

word, colour, and colour/word 

tests but not the interference test. 

Word r = 0.39, p<0.05 

Colour r = 0.37, p<0.05 

Colour/Word r = 0.37, p<0.05 

Interference r = 0.04, p = ns 

 

20mSRT performance was not 

correlated with IQ 

r = 0.09, p = ns 

 

Higher 20mSRT performance was 

associated with better 

performance on the word, colour 

and colour/word tests but not the 

interference test 

Word B = 0.38, SE = 0.11, β = 

0.34 

Age 

IQ 

BMI 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

p<0.01 

Colour B = 0.20, SE = 0.09, β = 

0.25 

p<0.05 

Colour/Word B = 0.24, SE = 

0.09,  

β = 0.30, p<0.01 

Interference = no data, p = ns 
Note* 20mSRT, 20 m shuttle run test 
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Supplement Table 4. 20mSRT performance and mental health in children and youth 

Note: β indicates standardized Beta; ***Indicates questionnaire has good psychometric properties 

Reference 

# Author 

(year); 

country 

Study 

Design 

Sample Metric and/or 

equation used 

from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1344 

Rieck 

(2013); 

USA 

Cross-

sectional 

n = 986 

range = 11-15 yr 

age = 12.5 yr 

VO2max 

Fitnessgram® 

HFZ 

Depression was 

self-reported via 

the CES-DC***  

Mental 

Health 

Low 20mSRT performance was 

not associated with higher odds 

of depression 

Boys OR 1.63, 95 % CI 0.08-

3.17 

Girls OR 2.09, 95 % CI 0.96-

4.57 

Age 

SES 

Ethnicity 

Other fitness 

tests 

 

1640 

Greenleaf 

(2010); 

USA 

Cross-

sectional 

n = 1022 

range = 11-15 yr 

Boy age = 12.5 

yr 

Girl age = 12.4 yr 

Fitnessgram® 

HFZ 

Depression was 

self-reported via 

the CES-DC*** 

Mental 

Health 

Girls in the HFZ of 20mSRT 

performance reported lower 

levels of depression but no 

relationship was observed in 

boys 

Boys F = 5.14, r = -0.25, p = ns 

Girls F = 8.64, r = -0.54, p = 

0.01 

SES 

Note* 20mSRT, 20 m shuttle run test; CES-DEC, Center for Epidemiology Studies–Depression Scale for Children 
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Supplement Table 5. 20mSRT performance and psychosocial health in children and youth 

Note: β indicates standardized Beta; ***Indicates questionnaire has good psychometric properties 

Reference # 

Author 

(year); 

country 

Study 

Design 

Sample Metric and/or 

equation used 

from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

116 

Zhu (2015); 

USA 

Cross-

sectional 

n = 141 

range = 11-15 

yr 

age = 12.8 yr 

Laps Self-efficacy was self-

reported using an adapted 

questionnaire*** 

Psychosocial 

health 

20mSRT performance was 

positively related to self-efficacy 

r = 0.71, p<0.01 

 

Self-efficacy was positively 

associated with 20mSRT 

performance 

β = 0.45, p<0.05 

n/a 

298 

Colquitt 

(2012); 

USA 

Cross-

sectional 

n = 122 

range = 11-15 

yr 

age = 12.8 yr 

VO2max 

Fitnessgram® 

Enjoyment was self-reported 

via questionnaire*** 

Psychosocial 

health 

20mSRT performance was 

positively related to enjoyment 

r = 0.41, p<0.01 

 

20mSRT performance was a 

positive predictor of enjoyment  

β = 0.41, p<0.001 

n/a 

438 

Gao (2009): 

USA 

Cross-

sectional 

n = 252 

range = 12-15 

yr 

age = 13.2 yr 

VO2max 

Fitnessgram® 

Self-efficacy was self-

reported via an adapted 

questionnaire*** 

 

Outcome expectancy was 

self-reported using an 

adapted questionnaire*** 

Psychosocial 

health 

20mSRT performance was 

positively related to self-efficacy  

r = 0.37, p<0.01 

 

20mSRT performance was 

positively related with outcome 

expectancy 

r = 0.23, p<0.01 

n/a 

1278 

Gao (2013); 

USA 

Cross-

sectional 

n = 276 

range = 12-15 

yr 

age = 13.3 yr 

Laps Self-efficacy was self-

reported using an adapted 

questionnaire*** 

Psychosocial 

health 

20mSRT performance was 

positively related to self-efficacy  

r = 0.27, p<0.01 

n/a 
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1304 

Morales 

(2013); 

Spain 

Cross-

sectional 

n = 1158 

range = 8-11 yr 

Boy age = 9.5 

yr 

Girl age = 9.5 

yr 

Stages Moods and emotions were 

self-reported using the 

KIDSCREEN-52 

questionnaire*** 

Psychosocial 

health 

20mSRT performance was 

positively associated with moods 

and emotions in girls but not 

boys 

Boys β = 0.05, p = 0.43 

Girls β = 0.14, p = 0.009 

Age 

Note* 20mSRT, 20 meter shuttle run test 
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Supplement Table 6. 20mSRT performance and self-esteem and physical self-perception in children and youth 

Note: β indicates standardized Beta; B indicates unstandardized Beta; ***Indicates questionnaire has good psychometric properties 

Reference # 

Author (year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

3075 

Olive (2012); 

Australia 

Longitudinal 

(4 yr. follow-

up) 

n = 821 

range = 7-

9 yr 

baseline 

age = 8.2 

yr 

follow-up 

boy age = 

12.09 yr 

follow-up 

girl age = 

12.05 yr 

Square Root of 

CRF 

Body dissatisfaction was 

measured from an adapted 

version of the Body Self-

Esteem Scale for 

children*** 

Self-

esteem/Physical 

self-perception 

20mSRT performance at 

baseline was not 

associated with body 

dissatisfaction at 4-yr 

follow up 

Boys β = -4.67, SE = 

3.33,  

p = 0.16 

Girls β = -4.96, SE = 

3.95,  

p = 0.21 

BF% 

         

298  

Colquitt 

(2012); 

USA 

Cross-

sectional 

n = 122 

range = 

11-15 yr 

age = 

12.8 yr 

PACER 

 

VO2max 

Fitnessgram 

Perceived usefulness was 

measured using a published 

survey*** 

Self-esteem/ 

Physical self-

perception 

20mSRT peformance 

was positively related 

with perceived usefulness 

r = 0.35, p<0.01 

 

20mSRT performance 

was a positive predictor 

of perceived usefulness 

β = 0.27, p = 0.005 

n/a 

650  

Gao (2008); 

USA 

Cross-

sectional 

n = 307 

range = 

12-15 yr 

age = 

13.4 yr 

PACER 

 

VO2max 

Fitnessgram 

Perceived sport competence 

was measured using the 

Self-Perceived Competence 

in Physical Education 

Scale*** 

Self-esteem/ 

Physical self-

perception 

20mSRT performance 

was a positive predictor 

of perceived sport 

competence 

β = 0.44, p<0.01 

n/a 

1175 

Riiser (2014); 

Cross-

sectional 

n = 120 

age = 

Speed at the 

last completed 

Self-determined motivation 

was measure by a translated 

Self-esteem/ 

Physical self-

20mSRT performance 

was a positive predictor 

n/a 
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Reference # 

Author (year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

Norway 13.7 yr 

 

  

stage version of the Behavioural 

Regulation in Exercise-2 

questionnaire*** 

perception of self-determined 

motivation 

B = 2.08, p<0.01 

1304 

Morales 

(2013); 

Spain 

Cross-

sectional 

n = 1158 

range = 8-

11 yr 

Half stages Self-perception and 

autonomy were measured 

using the KIDSCREEN-52 

questionnaire*** 

Self-esteem/ 

Physical self-

perception 

20mSRT performance 

was a positive predictor 

of self-perception in girls 

but not boys 

Boys β = 0.036, p = 

0.528 

Girls β = 0.131, p = 

0.014 

 

20mSRT performance 

was not a predictor of 

autonomy 

Boys β = 0.0045, p = 

0.418 

Girls β = 0.045, p = 

0.418 

Age 

BMI 

Muscular 

fitness 

1640 

Greenleaf 

(2012); 

USA 

Cross-

sectional 

n = 1022 

range = 

11-15 yr 

PACER 

 

Fitnessgram 

Healthy 

Fitness Zone 

Self-esteem and 

self-concept were measured 

using the Self-Description 

questionnaire II*** 

 

Body satisfaction was 

measured using the BPSS-

R questionnaire*** 

Self-esteem/ 

Physical self-

perception 

Those in the healthy 

fitness zone for 20mSRT 

performance reported 

higher self-esteem for 

girls but not boys 

Boys F = 5.24, r = 0.25, 

p = ns  

Girls F = 8.46, r = 0.53, p 

= 0.01 

 

Those in the healthy 

fitness zone for 20mSRT 

performance reported 

higher self-perceived 

SES 
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Reference # 

Author (year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

strength 

Boys F = 10.21, r = 0.35, 

p = 0.001 

Girls F = 6.87, r = 0.48, p 

= 0.01 

 

There were no 

differences in perceived 

flexibility between 

healthy fitness and needs 

improvement zones for 

20mSRT performance 

Boys F = 5.04, r = 0.24, 

p = ns 

Girls F = 5.70, r = 0.44, p 

= ns 

 

 Those in the healthy 

fitness zone for 20mSRT 

performance reported 

higher self-perceived 

endurance 

Boys F = 80.18, r = 0.97,  

p = 0.0001 

Girls F = 26.14, r = 0.93,  

p = 0.0001 

 

Those in the healthy 

fitness zone for 20mSRT 

performance reported 

higher body satisfaction 

Boys F = 8.29, r = 0.31, 

p = 0.01 

Girls F = 8.41, r = 0.53, p 
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Reference # 

Author (year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

= 0.01 

1846 

Cairney (2008); 

Canada 

Cross-

sectional 

n = 2245 

range = 9-

10 yr 

age = 9.4 

yr 

Stages Perceived adequacy, 

predilection, and enjoyment 

in physical education was 

measured using the 

CSAPPA questionnaire*** 

Self-esteem/ 

Physical self-

perception 

20mSRT performance 

was a positive predictor 

of perceived adequacy  

β = 0.080, SE = 0.187, 

p<0.001 

 

20mSRT performance 

was a positive predictor 

of predilection  

β = 0.033, SE = 0.080, 

p<0.05 

 

20mSRT performance 

was not a predictor of 

enjoyment in physical 

education 

β = 0.001, SE = 0.001, p 

= ns 

n/a 

1865 

Shen (2007); 

USA 

Cross-

sectional 

n = 653 

range = 

11-15 yr 

age = 

12.4 yr 

Laps Perceived competence was 

measured using the 

Intrinsic Motivation 

Inventory questionnaire*** 

Self-esteem/ 

Physical self-

perception 

20mSRT performance 

was positively related 

with perceived 

competence in physical 

education 

r = 0.21, p<0.01 

n/a 

2043 

Jurimae (2003); 

Estonia 

Cross-

sectional 

n = 525 

range = 

10-17 yr 

Minutes Perceived endurance was 

measured using a self-

report questionnaire 

Self-esteem/ 

Physical self-

perception 

20mSRT performance 

was positively related 

with perceived endurance 

range of r = 0.31–0.51, 

p<0.05 

n/a 

3075 

Olive (2012); 

Australia 

Cross-

sectional 

n = 821 

range = 7-

9 yr 

Square Root of 

CRF 

Body dissatisfaction was 

measured from an adapted 

version of the Body Self-

Self-

esteem/Physical 

self-perception 

Low 20mSRT 

performance was 

associated with greater 

BF% 
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Reference # 

Author (year); 

country 

Study Design Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

age = 8.2 

yr 

Esteem Scale for 

children*** 

body dissatisfaction  

Boys β = -9.87, SE = 

2.60,  

p<0.001 

Girls β = -11.03, SE = 

3.47,  

p = 0.002 
Note* 20mSRT, 20 meter shuttle run test; BPSS-R, Body Parts Satisfaction Scale–Revised; CSAPPA, Children's Self‐Perceptions of Adequacy in and Predilection for Physical Activity 
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Supplement Table 7. 20mSRT performance and quality of life and wellbeing in children and youth 

***Indicates questionnaire has good psychometric properties (i.e., valid, reliable, appropriate for age group tested).  

Reference # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

220 

Borras 

(2011); 

Spain 

Cross-

sectional 

n = 302 

range = 11-12 yr 

Boy age = 11.6 yr 

Girl age = 10.7 yr 

Decimal 

Stages 

Satisfaction with health, 

Physical Comfort, Emotional 

Comfort and Restricted 

Activity were self-reported 

using the Spanish version of 

the CHIPCE/PRF*** 

 

Quality of Life 

& Wellbeing 

20mSRT performance was not 

related to satisfaction with health  

r = 0.053, p = 0.37 

 

20mSRT performance was 

negatively related to physical 

comfort  

r = -0.13, p = 0.03 

 

20mSRT performance was not 

related to emotional comfort  

r = -0.08, p = 0.19 

 

20mSRT performance was not 

related to restricted activity  

r = -0.01, p = 0.86 

n/a 

1175 

Riiser (2014); 

Norway 

Cross-

sectional 

n = 120 

age = 13.7 yr 

Speed Health related quality of life 

was self-reported using the 

Norwegian version of the 

KIDSCREEN*** 

Quality of Life 

& Wellbeing 

20mSRT performance was a 

positive predictor of HRQoL 

β = 4.16, 95 % CI 0.3-8.02, p<0.05 

n/a 

1304 

Morales 

(2013); 

Spain 

Cross-

sectional 

n = 1158 

range = 8-11 yr 

Boy age = 9.5 yr 

Girl age = 9.5 yr 

Stages Physical wellbeing and 

psychological wellbeing were 

self-reported using the 

KIDSCREEN-52*** 

 

 

Quality of Life 

& Wellbeing 

20mSRT performance was 

positively associated with physical 

wellbeing in girls but not boys 

Boys β = 0.09, p = 0.12 

Girls β = 0.16, p = 0.001 

 

20mSRT performance was 

Age 

BMI 

Muscular 

fitness 
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Reference # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

positively associated with 

psychological wellbeing in girls but 

not boys 

Boys β = 0.01, p = 0.82 

Girls β = 0.11, p = 0.03 

1456 

Catro-Pinero 

(2012); 

Spain 

Cross-

sectional 

n = 691 

range = 12-17 yr 

Child = 9.3 yr 

Adol = 14.8 yr 

VO2max 

Leger 

Health complaints were self-

reported using the HBSC 

questionnaire*** 

Quality of Life 

& Wellbeing 

20mSRT performance was 

inversely associated with health 

complaints 

Child β = -0.15, p = 0.005 

Adolescents β = -0.18, p = 0.002 

 

Low 20mSRT performance was 

associated with higher odds of 

having health complaints 

Child OR 2.56, 95 % CI 1.30-5.03 

Adolescent OR 1.99,  

95 % CI 1.16-3.43 

Sex 

1478 

Mota (2012); 

Portugal 

Cross-

sectional 

n = 553 

range = 12-18 yr 

age = 15.4 yr 

Laps Self-rated health was self-

reported answering one Likert 

scale question 

Quality of Life 

& Wellbeing 

Girls with positive self-rated health 

completed more laps on the 

20mSRT than negative raters  

p<0.001 

 

Unfit girls had higher odds of 

reporting negative self-rated health 

OR 2.93, 95 % CI 1.82-4.72, 

p<0.001 

BMI 

1502 

Padilla-

Moledo 

(2011); 

Spain 

Cross-

sectional 

n = 684 

Child = 6-11.9 yr 

Adol = 12-17.9 yr 

 

VO2max  

Leger 

HFZ 

Perceived health status and life 

satisfaction were self-reported 

using the HBSC questionnaire  

[only valid for adolescents] 

 

Quality of Life 

& Wellbeing 

20mSRT performance was 

positively associated with perceived 

health in adolescents but not 

children 

Child β = 0.08, p = 0.11 

Sex 
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Reference # 

Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

 Adolescents β = 0.15, p = 0.008 

 

20mSRT performance was 

positively associated with life 

satisfaction 

Child β = 0.14, p = 0.006 

Adolescents β = 0.17, p = 0.002 

 

Adolescents with poor 20mSRT 

performance were more likely to 

report their health as ‘fair’ as 

opposed to ‘excellent’. No 

increased odds were observed in 

children 

Child OR 3.77, 95 % CI 0.82-17.36 

Adol OR 2.76, 95 % CI 1.06-7.20 

 

Adolescents with poor 20mSRT 

performance had higher odds of 

reporting ‘low’ life satisfaction 

Child OR 1.77, 95 % CI 0.93-3.37 

Adol OR 1.66, 95 % CI 1.03-2.68 
Note* 20mSRT, 20 meter shuttle run test; CHIPCE/PRF, Children Health and Illness Profile-Children Edition/Parent Report Form; HRQoL, health related quality of life; HBSC, Health Behaviour in School-

aged Children 
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Supplement Table 8. 20mSRT performance and bone health in children and youth 

Note: β indicates standardized Beta; B indicates unstandardized Beta 

Reference # 

Author 

(year); 

country 

Study 

Design 

Sample Metric and/or 

equation used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1836 

Vincente-

Rodriguez 

(2008); 

Spain 

Cross-

sectional 

n = 278 

range = 13-18.5 

yr 

 

 

VO2max 

Léger 

Bone mineral content (g) 

was measured using a 

DXA scan 

Bone Health 20mSRT performance was a 

positive predictor of bone mineral 

content 

Boys B = 0.050*, SE = 0.238,  

sr = 0.426, p<0.0001 

Girls B = 0.041*, SE = 0.181,  

sr = 0.359, p<0.0001 

Height 

Maturity 

Note* 20mSRT, 20 m shuttle run test; DXA, dual energy x-ray absorptiometry. 

* indicates unstandardized Beta 
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Supplement Table 9. 20mSRT performance and musculoskeletal fitness in children and youth 

Note: β indicates standardized Beta 

Reference 

# Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

292 

Klincarov 

(2011); 

Macedonia 

Cross-

sectional 

n = 156 

range = 14 yr 

age = 14.0 yr 

Stages Standing broad jump 

(cm) was used to 

measure strength 

 

Hand grip 

dynamometry (kg) 

was used to measure 

strength 

 

30 sec sit-up (#) was 

used to measure 

muscular endurance 

 

Bent arm hang (sec) 

was used to measure 

muscular endurance 

 

10x5m shuttle run 

(sec) was used to 

measured agility 

Musculoskeletal 

fitness 

Children in the highest 

20mSRT performance 

category scored highest on 

the SBJ 

F = 20.99, p<0.0001 

 

No differences in 20mSRT 

performance categories 

were observed for HG 

strength 

F = 1.43, p = 0.24 

 

Children in the highest 

20mSRT performance 

category scored highest on 

the 30 sec sit-ups 

F = 20.48, p<0.0001 

 

Children in the highest 

20mSRT performance 

category scored highest on 

the Bent Arm Hang 

F = 32.51, p<0.0001 

 

Children in the highest 

20mSRT performance 

category scored highest on 

n/a 
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Reference 

# Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

the 10x5m test 

F = 8.32, p<0.001 

298 

Colquitt 

(2012); 

USA 

Cross-

sectional 

n = 122 

range = 11-

15 yr 

age = 12.8 yr 

VO2max 

Fitnessgram 

Push up test (#) was 

used to measure 

muscular endurance 

 

Trunk lift test 

(inches) was used to 

measure lower back 

strength 

 

Curl-up (#) test was 

used to measure 

muscular endurance 

 

Sit and Reach test 

(inches) was used to 

measure flexibility 

Musculoskeletal 

fitness 

20mSRT performance was 

positively related to the 

push-up test  

r = 0.67, p<0.01 

 

20mSRT performance was 

positively related to the 

trunk lift test  

r = 0.27, p<0.01 

 

20mSRT performance was 

positively related to the 

curl-up test  

r = 0.70, p<0.01 

 

20mSRT performance was 

not associated with the sit 

and reach test  

r = 0.01, p = ns 

n/a 

1335 

Coe 

(2013); 

USA 

Cross-

sectional 

n = 1701 

range = Gr. 3, 

6, 9 

 

n/a Sit and Reach test 

(inches) was used to 

measure flexibility 

 

Curl-up test (#) was 

used to measure 

muscular endurance 

 

Push up test (#) was 

used to measure 

Musculoskeletal 

fitness 

20mSRT performance was 

not related to the sit and 

reach test 

Gr. 6 r = -0.01, p = ns 

Gr. 9 r = 0.03, p = ns 

 

20mSRT performance was 

positively related to the 

curl-up test 

Gr. 6 r = 0.13, p<0.01 

n/a 
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Reference 

# Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

muscular endurance Gr. 9 r = 0.11, p<0.01 

 

20mSRT performance was 

positively related to the 

push up test  

Gr. 6 r = 0.11, p<0.01 

Gr. 9 r = 0.08, p<0.05 

1407 

Coe 

(2012); 

USA 

Cross-

sectional 

n = 312 

range = Gr. 

6-8 

age = 12.1 yr 

Laps Curl-up test (#) was 

used to measure 

muscular endurance 

 

Push up test (#) was 

used to measure 

muscular endurance 

 

Sit and Reach test 

(inches) was used to 

measure flexibility 

Musculoskeletal 

fitness 

20mSRT performance was 

positively related to the 

curl-up test  

r = 0.41, p<0.01 

 

20mSRT performance was 

positively related to the 

push-up test  

r = 0.53, p<0.01 

 

20mSRT performance was 

not associated with the sit 

and reach test  

r = 0.08, p = ns 

n/a  

 

1433 

Llorente-

Cantarero 

(2012); 

Spain 

Cross-

sectional 

n = 141 

range = 7-12 

yr 

 

Stages No. of abdominals 

performed in 30 sec 

was used to measure 

muscular endurance 

 

Standing broad jump 

(metres) test was 

used to measure 

lower body strength 

 

Musculoskeletal 

fitness 

Children in the high 

20mSRT performance 

group completed more 

abdominals  

p = 0.005 

 

Children in the 

high20mSRT performance 

group performed better on 

the standing broad jump  

n/a 
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Reference 

# Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

Handgrip 

dynamometry (kg) 

was used to measure 

upper body strength 

p<0.0001 

 

No differences were 

observed in 20mSRT 

performance in handgrip 

dynamometry  

p = ns 

1653 

Houwen 

(2010); 
Netherlands 

Cross-

sectional 

n = 60 

range = 6-12 

yr 

age = 8.9 yr 

Stages Sit and Reach test 

(cm) was used to 

measure flexibility 

 

Standing broad jump 

test (cm) was used to 

measure lower body 

strength 

 

Handgrip 

dynamometry (kg) 

was used to measure 

upper body strength 

 

No. of abdominals 

performed in 30 sec 

was used to measure 

muscular endurance 

 

10x5m (sec) shuttle 

run was used to 

measured agility 

Musculoskeletal 

fitness 

20mSRT performance was 

not related to the sit and 

reach test  

r = 0.20, 95 % CI -0.08 to 

0.45, p = ns 

 

20mSRT performance was 

not related to the standing 

broad jump test 

r = 0.32, 95 % CI 0.05-

0.55, p = ns 

 

20mSRT performance was 

not related to the handgrip 

strength test 

r = 0.16, 95 % CI -0.12 to 

0.42, p = ns 

 

20mSRT performance was 

positively related to 

performance on the sit-up 

test 

r = 0.36, 95 % CI 0.09-

0.58, p<0.05 

n/a 
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Reference 

# Author 

(year); 

country 

Study 

Design 

Sample Metric 

and/or 

equation 

used from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled 

for 

 

20mSRT performance was 

not related to 5x10m test  

r = -0.10, 95 % CI -0.37 to 

0.18, p = ns 

1885 

Garcia-

Artero 

(2007); 

Spain 

Cross-

sectional 

n = 460 

range = 13-

18.5 yr 

Boy age = 

15.2 yr 

Girl age = 

15.3 yr 

VO2max 

Leger 

Muscular strength 

score was generated 

from the standing 

broad jump, 

handgrip strength 

and bent arm hang 

tests 

Musculoskeletal 

fitness 

20mSRT performance was 

positively related to 

muscular strength score  

Boys r = 0.26, p<0.001 

Girls r = 0.29, p<0.001 

n/a 

2155 

Reeves 

(1999);  

USA 

Cross-

sectional 

n = 51 

range = 5-6 

yr 

age = 5.4 yr 

Laps Strength was 

measured following 

Bruininks-Oseretsky 

Test of Motor 

Proficiency 

Musculoskeletal 

fitness 

20mSRT performance was 

positively related to 

strength 

r = 0.41, p = 0.002 

n/a 

2458 

Coledam 

(2015); 

Brazil 

Cross-

sectional 

n = 781 

range = 10-

18 yr 

Criterion 

Reference 

Strength was 

measured using the 

elbow-flexion test 

 

*no units provided* 

Musculoskeletal 

fitness 

Meeting the HFZ of 

20mSRT performance was 

associated with meeting 

criterion reference for 

strength 

PR 1.81, 95 % CI 1.47-

2.24, p<0.001 

Sex 

Age 

SES 

20mSRT, 20 meter shuttle run test; HFZ, healthy fitness zone; HGS, hand-grip strength; NIZ, needs improvement zone; SAR, sit and reach; SBJ, standing broad jump 
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Supplement Table 10. 20mSRT performance and motor skill development in children and youth 

Note: β indicates standardized Beta 

Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric and/or 

equation used 

from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

534 

Marshall 

(1996); 

Canada 

Cross-

sectional 

n = 200 

range = 5-6 & 

9-10 yr 

Laps Motor skill was 

assessed by the 

TGMD-2 

Motor Skill 20mSRT performance 

was positively 

associated with motor 

skill 

r = 0.48, p<0.05 

n/a 

628 

Okely (2001); 

Australia 

Cross-

sectional 

n = 2026 

range = Gr. 8-

10 

 

Laps Motor skill was 

assessed using an 

observational 

behavioural 

instrument 

Motor Skill 20mSRT performance 

was positively related 

with all motor skills  

r range = 0.10-0.34, all 

p<0.01 

 

20mSRT performance 

was positively 

associated with sprint 

run 

Gr. 8 Boys β = 0.19, 

p<0.01 

Gr. 10 Boys β = 0.18, 

p<0.01 

Gr. 8 Girls β = 0.17, 

p<0.01 

Gr. 10 Girls β = 0.29, 

p<0.01 

 

20mSRT performance 

was positively 

associated with vertical 

jump in Gr. 8 girls only 

n/a 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric and/or 

equation used 

from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Gr. 8 Boys β = 0.03,  

p = ns 

Gr. 10 Boys β = 0.05,  

p = ns 

Gr. 8 Girls β = 0.15, 

p<0.05 

Gr. 10 Girls β = 0.09,  

p = ns 

 

20mSRT performance 

was positively 

associated with catch in 

girls only 

Gr. 8 Boys β = 0.07,  

p = ns 

Gr. 10 Boys β = -0.03,  

p = ns 

Gr. 8 Girls β = 0.11, 

p<0.05 

Gr. 10 Girls β = 0.14, 

p<0.05 

 

20mSRT performance 

was positively 

associated with throw in 

all children except Gr. 8 

boys 

Gr. 8 Boys β = 0.05,  

p = ns 

Gr. 10 Boys β = -0.09, 

p<0.05 

Gr. 8 Girls β = 0.11, 

p<0.05 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric and/or 

equation used 

from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

Gr. 10 Girls β = 0.14, 

p<0.05 

 

20mSRT performance 

was positively 

associated with kick in 

all children except Gr. 

10 girls 

Gr. 8 Boys β = 0.19, 

p<0.01 

Gr. 10 Boys β = 0.20, 

p<0.01 

Gr. 8 Girls β = 0.13, 

p<0.05 

Gr. 10 Girls β = 0.06, 

p = ns 

 

20mSRT performance 

was positively 

associated with strike in 

Gr. 10 boys only 

Gr. 8 Boys β = 0.02,  

p = ns 

Gr. 10 Boys β = 0.16, 

p<0.01 

Gr. 8 Girls β = 0.18,  

p = ns 

Gr. 10 Girls β = 0.06,  

p = ns  

1140 

Burns (2015); 

USA 

Cross-

sectional 

n = 384 

range = Gr. K 

to 6 

Laps Motor skill was 

assessed by the 

TGMD-2 

Motor skill Children scoring 1 point 

higher on the TGMD-2 

had increased odds of 

n/a 
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Reference # 

Author (year); 

country 

Study 

Design 

Sample Metric and/or 

equation used 

from 

20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

age = 8.4 yr meeting the HFZ for 

20mSRT performance 

OR 70.3, 95 % CI 2.17-

269.3, p<0.05 

1653 

Houwen 

(2010); 

Netherlands 

Cross-

sectional 

n = 60 

range = 6.12 

yr 

age = 8.9 yr 

Stages Motor skill was 

assessed by the 

TGMD-2 

 

Plate tapping test 

was used to assess 

coordination 

Motor skill 20mSRT performance 

was positively related to 

the locomotor TGMD-2 

score 

r = 0.33, 95 % CI 0.06-

0.56, p<0.05 

 

20mSRT performance 

was positively related to 

the object control 

TGMD-2 score 

r = 0.31, 95 % CI 0.04-

0.54, p<0.05 

 

20mSRT performance 

was not related to plate 

tapping test score 

r = -0.09, 95 % CI 

-0.36 to 0.19,  

p = ns 

Age 

Sex 

Note* 20mSRT, 20 m shuttle run test; TGMD, Test of Gross-Motor Skill Development 
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Supplement Table 11. 20mSRT performance and risk of injury/harm in children and youth 

Reference # 

Author 

(year); 

country 

Study 

Design 

Sample Metric and/or 

equation used 

from 20mSRT 

Outcome Outcome 

Category 

Main Findings Covariates 

controlled for 

1094 

Martin-

Diener 

(2013); 

Switzerland 

Cross-

sectional 

n = 249 

range = 7-9yr 

age = 7.9 yr 

Laps Any type of injury that 

occurred in the past 12 

month was reported by 

the parents/guardians in 

a retrospective 

questionnaire 

Risk of injury Those in the highest 20mSRT 

performance tertile had lower 

odds of sustaining and injury 

than those in the lowest 

20mSRT performance tertile 

High 20mSRT OR 0.29,  

95 % CI 0.16-0.63  

Middle 20mSRT OR 0.37,  

95 % CI 0.16-0.85 

Sex 

Age 

Parental 

education 

Migration 

background 

Overweight 

MVPA 

Motor 

quotient 

Training in 

sports club 

1592 

Clark (2011); 

Ireland 

Cross-

sectional 

n = 1590 

range = 12-16yr 

age = 13.9 yr 

Laps Injuries were categorized 

as previous fractures 

reported retrospectively 

by the parent/guardian 

Risk of injury Those in the highest 20mSRT 

performance tertile had an 

increased odds of fractures 

compared with those in the 

lowest 20mSRT performance 

tertile 

High 20mSRT OR 1.50,  

95 % CI 1.08-1.60 

 Middle 20mSRT OR 1.19, 

95 % CI 0.89-1.60 

p for trend = 0.012 

Age 

Sex 

Pubertal 

status 

Note* 20mSRT, 20 meter shuttle run test 
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Appendix C:  Ethics 

 

Description: Ethics approval for RBC-CAPL data collection and analysis described in 

Chapter 5. 
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Appendix D: In the News 

 

Description: A summary of news articles for the publication found in Chapter 6.  

Research on the 50-country comparison of young people’s aerobic fitness (September 

2016). I provided eight original media interviews, and one live interview with CTV News 

(https://youtu.be/FRzZMW7kWM0). This research was communicated by at least 100 

broadcast, print and digital media outlets in over a dozen countries: ABC News 

(http://www.abc.net.au/news/2016-09-21/fittest-kids-from-tanzania/7865978), BBC 

World Service, CBC News (https://au.news.yahoo.com/sa/a/32689167/australian-kids-

fail-the-fitness-test/#page1), Channel 7 News 

(https://au.news.yahoo.com/sa/a/32689167/australian-kids-fail-the-fitness-test/#page1), 

Fox News (http://www.foxnews.com/health/2016/09/30/child-fitness-gap-linked-to-

income-inequality.print.html), Globe and Mail 

(http://www.theglobeandmail.com/life/health-and-fitness/fitness/canadianchildren-finish-

19th-in-study-of-the-beep-fitness-test/article31985138/), Reuters Health 

(http://www.reuters.com/article/us-health-children-fitness-international-

idUSKCN11Z2ZS?feedType=RSS&feedName=healthNews), Science Daily 

(https://www.sciencedaily.com/releases/2016/09/160921104324.htm), South China 

Morning Post (http://www.scmp.com/print/lifestyle/health-beauty/article/2022001/hong-

kong-kids-would-be-left-gasping-global-childrens-race), United Press International 

(http://www.upi.com/Health_News/2016/09/22/US-ranks-near-bottom-among-countries-

for-youth-fitness-study-says/3581474552993/), Valley News Live 

(http://www.valleynewslive.com/content/news/UND-Study-American-kids-rank-at-

bottom-of-worldwide-fitness-ranking-394848781.html) , etc. (Altmetric Score = 434[Top 

5%]). 
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Appendix E: Accepted ESSR Proposal Form 

 

Description: Accepted ESSR ‘perspective for progress’ proposal form for the manuscript found 

in Chapter 7. 

  



 

314 

 

 



 

315 

 

 

 



 

316 

 

  



 

317 

 

Appendix F: Summary of Included Studies (Supplemental 

Manuscript 1) 

 

Description: A summary of the 177 studies originally included in Supplemental 

Manuscript 1, and subsequently used in Chapters 4, 6, and Supplemental Manuscript 2.  
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Supplement 2. Summary of the included studies that have assessed 20 m shuttle run performance of 9- to 17-year-olds. 

Reference Year Country Year of testing Sex Age 
range 

(years) 

Sample 
range 

Total 
sample size 

Sampling 
strategy 

Sampling 
base 

Secchi et al[39] 2014 Argentina 2012 M, F 11–17 53–137 1259 NP S 

Hardy et al[40] 2010 Australia 2010 M, F 9–15 114–720 5021 P  S 

McIntyre[41] 2009 Australia 1999–00, 2009 M, F 10 41-48 178 NP O 

Booth et al[42] 2006 Australia 2004 M, F 9–15 58–375 3143 P S 

Lloyd & Antonas[43] 2000 Australia 1998? M, F 11, 12 69–71 280 NP S 

Mulkearns et al[44] 2000 Australia 1996–98 F 9, 10 66–79 145 NP O 

Cooley & McNaughton[45] 1999 Australia 1998 M, F 11–16 339–636 6161 P S 

Booth et al[46] 1997 Australia 1997 M, F 9–15 122–491 3934 P S 

Okely et al[47] 1997 Australia 1996 M 14
c
 51 51 NP O 

ACHPER[48] 1996 Australia 1994 M, F 9–17 46–104 1282 P S 

Vandongen et al[49] 1995 Australia 1990 M, F 10–12
b
 162 972 NP O 

ASC[50] 1994 Australia 1993 M, F 12–17 301–542 4458 NP N 

Jenner et al[51] 1992 Australia 1988 M, F 11, 12
c
 264–283 1094 NP S 

Ortega et al[52]
 

2008
a
 Austria 2006–08 F 13 70 70 P O 

Vandendriessche et al[53] 2012 Belgium 2010? M, F 9–11
b
 132–235 1018 P S 

Seghers & Rutten[54] 2010 Belgium 2007 M, F 11, 12 69–90 318 P O 

Ortega et al[52] 2008
a
 Belgium 2006–08 M, F 13–15 40–44 170 P O 

Verstraete et al[55] 2007 Belgium 2002, 2004 M, F 9–11
c
 77–221 1000 P S 

Cardon et al[56] 2004 Belgium 2002? M, F 9, 10
c
 111–186 591 P S 

Heyters & Marique[57] 2004 Belgium 1994, 2004 M, F 10–17 90–306 6418 P S 

Telama et al[58] 2002
a
 Belgium 1994–95 M, F 12, 15 423–700 2225 NP S 
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Baquet et al[59] 2000 Belgium 1997 M, F 12–16
 

51–81 455 NP S 

Lefèvre et al[60] 1998 Belgium 1993, 1997 M, F 12–17 166–288 5535 P S 

Beunen et al[61] 1991 Belgium 1990 M, F 9–17 211–423 5281 P S 

Poortmans et al[62]
 

1986 Belgium 1984–85 M, F 12–17 41–82 347 P S 

Cazorla et al[63]
 

1988 Benin 1987 M, F  9–17 139–425 4141 P N 

Ribeiro et al[64] 2013 Brazil 2006 F 9–17 54–236 1290 P O 

Hobold[65] 2003 Brazil 2001? M, F 9–17 91–153 1951 P O 

Pieta[66] 2000 Brazil 1998? M, F 9–14 83–142 1287 NP O 

Veldhuizen et al[67] 2014 Canada 2005–09 M, F 9–15
c
 40–1012 15217 P O 

Voss et al[68] 2014 Canada 2005–07, 2011 M, F 10–15
c
 49–189 951 NP S 

Leone et al[69] 2011 Canada 2009–11 M, F 9–12 128–277 1828 P S 

Reed et al[70] 2006 Canada 2004 M, F 10, 11 51–59 219 P O 

Massicotte[71] 1990 Canada 1989–90 M, F 9–17 75–402 5210 P N 

Léger et al[30] 1984 Canada 1981 M, F 9–17 155–404 5584 NP S 

Garber et al[72] 2014 Chile 2011 M, F 13, 14 3416–
4886 

15863 P N 

Kain et al[73] 2004 Chile 2002 M, F 11–13 43–68 327 NP S 

Wong et al[74] 2001 China (HK) 1999? M, F 9–11 77–318 1214 P S 

Wang et al[75] 2011 China (ML) 2010 M, F 9–10
c 

72–243 548 P O 

Cubides et al[76] 2015 Colombia 2014 M, F 13, 14 41–48 350 P O 

Ortega[77] 2013 Colombia 2008 M, F 9–17 63–853 36117 P O 

Tovar Mojica et al[78] 2008 Colombia 2004 M 9–16 44–89 517 NP O 

Cazorla et al[79] 1985 Côte d’Ivoire 1985 M, F 9–17 92–314 3273 P N 

Shahin[80] 2011 Cyprus 2005 M, F 10 343–372 715 P O 

Tinazci & Emiroğlu[81] 2010 Cyprus 2006 M, F 9–11
c 

574–1537 6187 P S 
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Telama et al[58] 2002
a
 Czech 

Republic 
1994–95 M, F 12, 15 95–120 439 NP S 

Gajda[82] 1994 Czech 
Republic 

1992–93 M, F 9–14 83–188 1514 NP S 

Nielsen & Andersen[83] 2003 Denmark/GL 1996–97 M, F 15–17 183–3198 9342 P N 

Cazorla et al[84]
 

1986 Djibouti 1986 M, F 12–17 43–182 1524 P N 

Jürimäe et al[85] 2007
a
 Estonia 2002 M, F 11–17 108–234 2559 NP S 

Jürimäe& Saar[86] 2003 Estonia 2001? M, F 10–16
b
 44–62 419 P O 

Telama et al[58] 2002
a
 Estonia 1994–95 M, F 12, 15

 
312–334 1290 NP S 

Jürimäe & Volbekiene[87]
 

1998
a
 Estonia 1992 M, F 11–17 133–294 3188 NP S 

Raudsepp & Jürimäe[88] 1997 Estonia 1994–95 F 9, 10 56 – 57 113 P O 

Raudsepp & Jürimäe[89] 1996 Estonia 1994–95 M 9, 10
 

50–55 105 P O 

Kull & Jürimäe[90] 1994 Estonia 1992–93 M, F 16, 17
c
 43–131 339 NP O 

Palomäki et al[91] 2015 Finland 2003, 2010 M, F 15, 16 320–571 3560 P N 

Telama et al[58]
 

2002
a
 Finland 1995 M, F 12, 15 254–307 1109 NP S 

Viljanen et al[92] 2000 Finland 1993 M, F 10, 14, 
16 

63–249 1010 NP S 

Ortega et al[52] 2008
a
 France 2006–08 F 13–14 44–46 90 P O 

Baquet et al[93] 2006 France 1997, 2001 M, F 11–15
c
 44–54 197 NP O 

Baquet et al[94] 2001 France 1997 M, F 11–14 45–88 468 P O 

Baquet et al[95] 1999 France 1992 F 10
 

49 49 NP O 

Carzola et al[96] 1997 France 1996–97 M, F 9–11 47–110 498 P S 

Carzola et al[97] 1999 France 1999 M, F 11–17 85–234 2217 P S 

Cazorla[98] 1987 France 1987 M, F 9–12 119–693 3642 P N 

Brunet & Van Praagh[99] 1985 France 1984–85 M, F 9, 10 40–43 83 NP O 

Ortega et al[52]
 

2008
a
 Germany 2006–08 M 14–16 53–61 169 P O 



 

321 

 

Telama et al[58]
 

2002
a
 Germany 1994–95 M, F 12, 15 216–264 977 NP S 

Tambalis et al[100] 2015 Greece 2014 M, F 9–17 490–
20149 

196370 P N 

Tambalis et al[101] 2011 Greece 1997, 2007 M, F 9 2253–
15219 

66573 P N 

Ortega et al[52] 2008
a
 Greece 2006–08 M, F 14 41–60 212 P O 

Tokmakidis et al[102] 2006 Greece 2004 M, F 9–11 43–68 300 NP O 

Manios et al[103] 2004 Greece 2001–02 M, F 11
c
 52–61 113 P O 

Georgiadis[104] 1993 Greece 1990–91 M, F 9–17
 

255–297 4814 P N 

Welk et al[105] 2015 Hungary 2013 M, F 11–17 110–204 2187 P N 

Ortega et al[52]
 

2008
a
 Hungary 2006–08 M, F 13–15 52–59 279 P O 

Telama et al[58]
 

2002
a
 Hungary 1994–95 M, F 12, 15 100–114 439 NP S 

Barabás[106] 1992 Hungary 1990? F 14–17 49–130 389 NP O 

Gunnarsson & 
Sigriksson[107] 

1999 Iceland 1998 M, F 9–15 359–528 6130 NP N 

Ortega et al[52] 2008
a
 Italy 2006–08 F 16 43 43 P O 

Grassi et al[108] 2006 Italy 2001 F 14–17 42–53 95 NP O 

Cilia et al[109] 1998 Italy 1997 M, F 15–17 44–68 273 NP O 

Cilia et al[110] 1997 Italy 1997 M, F 12–17 109–404 3203 NP S 

Cilia et al[111] 1996 Italy 1995 M, F 12–14 85–120 659 NP S 

Cilia & Bellucci[112] 1993 Italy 1992 M, F 12–14 189–259 1363 NP S 

Council of Europe[113] 1986 Italy 1985–86 F 14–17 44–79 264 NP S 

MoECSSaT[114] 2015 Japan 2014 M, F 9–17 920–1125 18147 P N 

MoECSSaT[114] 2014 Japan 2013 M, F 9–17 742–1089 15947 P N 

MoECSSaT[114] 2013 Japan 2012 M, F 9–17 916–1125 18062 P N 

MoECSSaT[114] 2012 Japan 2011 M, F 9–17 823–1113 17024 P N 
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MoECSSaT[114] 2011 Japan 2010 M, F 9–17 822–1117 17323 P N 

MoECSSaT[114] 2010 Japan 2009 M, F 9–17 807–1124 16850 P N 

MoECSSaT[114] 2009 Japan 2008 M, F 9–17 788–1119 16989 P N 

MoECSSaT[114] 2008 Japan 2007 M, F 9–17 765–1127 16285 P N 

MoECSSaT[114] 2007 Japan 2006 M, F 9–17 782–1128 16771 P N 

MoECSSaT[114] 2006 Japan 2005 M, F 9–17 765–1121 16510 P N 

MoECSSaT[114] 2005 Japan 2004 M, F 9–17 706–1126 15610 P N 

MoECSSaT[114] 2004 Japan 2003 M, F 9–17 676–1126 15619 P N 

MoECSSaT[114] 2003 Japan 2002 M, F 9–17 636–1126 14796 P N 

MoECSSaT[114] 2002 Japan 2001 M, F 9–17 657–1123 15423 P N 

MoECSSaT[114] 2001 Japan 2000 M, F 9–17 606–1060 14514 P N 

MoECSSaT[114] 2000 Japan 1999 M, F 9–17 701–1059 15354 P N 

MoECSSaT[114] 1999 Japan 1998 M, F 9–17 885–1120 18508 P N 

Sauka et al[115] 2011 Latvia 2004–09 M, F 9–17 62–312 3400 P N 

Jürimäe et al[85] 2007
a
 Lithuania 2002 M, F 11–17 214–426 4878 NP S 

Jürimäe & Volbekiene[87]
 

1998
a
 Lithuania 1992 M, F 11–17 66–150 1601 NP S 

Cazorla et al[116]
 

1986 Mauritius 1986 M, F 9–17 137–160 2695 P N 

Esteve-Lanao personnel 
comm 

2015 Mexico 2010–11 M, F 9–16 42–685 7449 NP S 

Galaviz et al[117] 2012 Mexico 2009 M, F 11 43–49 92 NP O 

Dadouchi et al[118] 2003 Morocco 2002 M, F 12–17 77–302 2522 NP O 

Brouwer et al[119] 2013 Netherlands 2005–07 M, F 15, 16
c 

126–144 540 P S 

Slinger et al[120] 2009 Netherlands 2002–05 M, F 12–15 53–308 1043 P O 

van Mechelen et al[121] 1991 Netherlands 1987 M, F 12–16 101–285 1874 P N 

Haugen et al[122] 2013 Norway 2004–06 M, F 13–15
c 

352–406 2305 NP O 



 

323 

 

Cossio-Bolaños & 
Arruda[123] 

2009 Peru 2001 M, F 9–12 58–81 560 P O 

Gonzalez-Suarez & Crimmer-
Sommers[124] 

2011 Philippines 2007–08 M, F 11
b 

152–188 340 P O 

Bronikowski & 
Bronikowska[125] 

2009 Poland 2007? M 13, 14
c
 84–115 314 NP O 

Pilicz et al[126] 2003 Poland 1999 M, F 9–17 2055–
3470 

53813 P N 

Maciaszek & Osinski[127] 2001 Poland 1999? M, F 10–14 245–371 3123 P O 

Mleczko et al[128] 2000 Poland 1991–92 M, F 15–17 198–303 1431 P O 

Santos et al[129] 2014 Portugal 2008 M, F 10–17 486–1695 19861 P N 

Coelho-Silva et al[130] 2013 Portugal 2008–09 M, F 11–15 61–143 1755 P S 

Rodrigues et al[131] 2013 Portugal 1997–00, 2006 M, F 9–15
c
 52–168 835 NP O 

Marta et al[132] 2012 Portugal 2011 M, F 10, 11
c
 47–111 312 NP O 

Silva et al[133] 2012 Portugal 2008–09 M, F 10–17 179–493 5712 P O 

Mota et al[134] 2002 Portugal 1998–00 M, F 9
c
 59–61 120 P O 

Oliveira personal comm 2002 Portugal 2001–02 M, F 11–17 80–250 2169 NP O 

Kim et al[135] 2011 Republic of 
Korea (South 
Korea) 

2009? F 15,16 41 82 NP O 

Cazorla et al[136]
 

1988 Senegal 1988 M, F 9–17 86–163 2243 P N 

Bovet et al[137] 2007 Seychelles 2004 M, F 11–16 174–658 5371 P N 

Cazorla et al[138] 1990 Seychelles 1990 M, F 9–17 142–258 3803 P N 

Krska et al[139] In press Slovakia 2014–15 F 9–11 76–105 181 NP O 

Krska et al[140]  In press Slovakia 2014–15 M 9–11 80–108 188 NP O 

Kyselovicová[141]  2000 Slovakia 1994 F 15 54 54 P O 

Kasa & Majherová[142] 1997 Slovakia 1996 M 11, 13 40–45 85 NP O 
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Moravec et al[143] 1996 Slovakia 1993 M, F 9–17
c
 74–554 3630 NP N 

Belej et al[144] 1995 Slovakia 1993? M, F 14 344–345 689 NP S 

Pienaar et al[145] 2015 South Africa 2012 M, F 16
 c
 45–81 182 P O 

Du Toit et al[146] 2011 South Africa 2002 F 11
c
 44 44 NP O 

Pienaar & Vilioen[147]  2010 South Africa 2000–01 M 10–15 82–134 585 P S 

Du Preez[148] 2008 South Africa 2005 M 10, 11 44–45 89 NP O 

Stadler[149] 2007 South Africa 2005 F 11, 12 40–51 91 NP O 

Du Toit et al[150] 2005 South Africa 2003? F 15, 16 46–81 127 NP O 

Van Gent et al[151] 2002 South Africa 2000–01 F 10–15 92–117 622 P S 

du Randt[152] 1996 South Africa 1995–96 M, F 11–16 45–210 1230 P N 

Gulías-González et al[153] 2014 Spain 2010 M, F 9–16 52–142 1494 P S 

Torrijos-Niño et al[154] 2014 Spain 2010 M, F 9–10
 c
 93–347 876 P S 

Chillón et al[155] 2011 Spain 1999–00 M, F 9–16 75–206 2224 P O 

Castro-Pinero et al[156] 2009 Spain 2006-07 M, F 9–17 45–171 1898 P S 

Ortega et al[52] 2008
a
 Spain 2006–07 M, F 15 44 44 P O 

Ortega et al[157] 2005 Spain 2001–02 M, F 12–17 78-290 2026 P S 

García Baena[158] 1999 Spain 1999 M, F 13–16 46–70 364 P S 

Prat et al[159] 1998 Spain 1984–85 M, F 10–17 199–267 3932 P S 

Tercedor & Delgado-
Fernando[160] 

1998 Spain 1995 M, F 10 124–160 284 P O 

Sainz[161] 1996 Spain 1990–94 M, F 9–17 54–671 6658 P S 

Ureña[162] 1996 Spain 1995–96 M, F 14–16 99–106 613 NP O 

Brito Ojeda et al[163] 1995 Spain 1993? M, F 12–17 41–50 388 P S 

Sainz[164] 1992 Spain 1986–89 M, F 10–15 69–180 1300 NP S 

Rivas[165]
 

1987 Spain 1987 M, F 9–17 88–303 3849 NP O 
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Lieveld et al[166] 1993 Suriname 1991? M 14 70–115 270 NP O 

Ortega et al[52]
 

2008
a
 Sweden 2006–08 F 15 45 45 P O 

Schmid et al[167] 2007 Switzerland 2005 M, F 11 127–138 265 P O 

Cauderay et al[168] 2000 Switzerland 1996–97 M, F 9–17 92–214 2959 P S 

Aandstad et al[169] 2006 Tanzania 2003 M, F 9–10 61–76 274 P O 

Çalis et al[170] 1992 Turkey 1991 M 15 45 45 NP O 

Richards[171] 2014 Uganda 2010 M, F 11–14 44–291 1446 P O 

Sandercock et al[172] 2015 UK (England) 2014 M, F 10
 c
 150–157 307 NP O 

Sandercock et al[173] 2012 UK (England) 2006–10 M, F 10–16 60–933 7354 NP S 

Boddy et al[174] 2010 UK (England) 1999–2010 M, F 9–10
b
 104–1213 27942 P O 

Sandercock et al[175] 2010 UK (England) 1998, 2008 M, F 10
c
 145–158 618 NP O 

Liverpool City Council[176] 2003 UK (England) 2000–03 M, F 11–12
b 

610–1123 3466 NP O 

Boreham et al[177] 2001 UK (N Ireland) 1989–90 M, F 12, 15 251–258 1015 P S 

Watkins et al[178] 2001 UK (N Ireland) 1989–90, 
1999–01 

M, F 12, 15
 

251–532 3032 P N 

Twisk et al[179] 1999 UK (N Ireland) 1992–93 M, F 15 229–230 459 P S 

Mahoney[180] 1992 UK (N Ireland) 1990–91 M, F 12 50–53 103 NP O 

Mahoney & Boreham[181] 1991 UK (N Ireland) 1989? M, F 9, 11
c 

57–87 299 P S 

Riddoch[182] 1990 UK (N Ireland) 1988–89 M, F 11–17 180–237 3012 P N 

Nichols & Riddoch[183] 1986 UK (N Ireland) 1986 M, F 12–15
c 

44–163 474 P S 

Lewitt et al[184] 2012 UK (Wales) 2007 M, F 13 97–141 238 P O 

Ranson & Taylor[185] 2012 UK (Wales) 2009–10 M, F 9–11
c
 95–164 821 NP S 

Welk et al[186] 2015 USA 2011–14 M, F 10–17 1591–
12143 

114585 NP S 

Carrel et al[187] 2012 USA 2008–10 M, F 9–17 132–2015 18005 NP S 

Liu et al[188] 2012 USA 2010? M, F 11–13
c 

103–121 672 NP O 
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Welk et al[Error! Reference 
ource not found.] 

2011 USA 2009–10 M, F 11–17 62–187 1637 NP O 

Beets et al[190] 2005 USA 2001–02 M, F  10–15 71–2787 34524 P O 

Beets & Pitetti[191] 2004 USA 1999–01 M, F 10–17 41–63 365 NP S 

Welk et al[192] 2004 USA 2002? M, F 9–16
b
 43–68 519 NP  O 

Lloyd et al[193] 2003 USA 2001? M, F 10–12 44–67 111 NP O 

Chun et al[194] 2000 USA 1997 M, F 12 116–120 236 NP O 

Wolford[195] 1998 USA 1997 M, F 10, 11
c 

43–57 195 NP O 

Mahar et al[196] 1997 USA 1995 M, F 10
c
 98–111 209 NP O 

a
Indicates multinational study. 

b
 Age reported as an age range. 

c
 Age reported as a mean and standard deviation. ? indicates year of testing not reported. P = 

Probability sampling; NP = non-probability sampling; N = national sample; NP = State/Provincial sample; O = other sample (e.g. local, city or school level). Note, 

some studies reported data for children outside of the target age range (e.g. <9 and >17 years of age), however this table only reports the data for 9- to 17-

year-olds. 
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Appendix G:  Summary of Conference Abstracts and Presentations 

 

Description: Citations of published conference abstracts and presentations for the works 

included in this dissertation.  
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