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Abstract

Cardiorespiratory fitness (CRF) is a good summative measure of the body’s ability to perform
continuous, rhythmic, dynamic, large-muscle group physical activity and exercise. In children,
CREF is meaningfully associated with health, independent of physical activity levels, and it is an
important determinant of sports and athletic performance. Although gas-analyzed peak oxygen
uptake is the criterion physiological measure of children’s CRF, it is not practical for population-
based testing. Field testing offers a simple, cheap, practical alternative to gas analysis. The 20-
meter shuttle run test (20mSRT) — a progressive aerobic exercise test involving continuous
running between two lines 20 meters apart in time to audio signals — is probably the most
widely used field test of CRF. This review aims to clarify the international utility of the 20mSRT
by synthesizing the evidence describing measurement variability, validity, reliability, feasibility,
and the interpretation of results, as well as to provide future directions for international
surveillance. We show that the 20mSRT is an acceptable, feasible and scalable measure of CRF
and functional/exercise capacity, and that it has moderate criterion validity and high-to-very high
reliability. The assessment is pragmatic, easily interpreted, and results are transferable to
meaningful and understandable situations. We recommend that CRF, assessed by the 20mSRT,
be considered as an international population health surveillance measure to provide additional

insight into pediatric population health.

Keywords: 20-m shuttle run; cardiorespiratory fitness; children; validity; reliability; criterion-

referenced standards; normative data.



1 Introduction

Cardiorespiratory fitness (CRF) provides a measure of the body’s capacity to deliver and utilize
oxygen for energy transfer to support muscle activity during physical activity and exercise (4).
The CRF of children and youth has long been recognized as important to measure and monitor.
At the turn of the 20™ century, CRF was widely seen as an important component of physical
fitness for wartime preparedness and talent identification in sports (40,97,98). In the 1970s, the
measurement of CRF progressed into an important indicator of health (39), providing a reflection
of an individual’s overall health status (18). The utility of CRF as an index of health and as an
indicator of aerobic athletic performance potential remains valued today. Although indirect
calorimetry using expired gas analysis is considered the method of choice to measure peak
oxygen uptake (peak VO,; the highest rate at which oxygen can be consumed during a
progressive exercise test to volitional fatigue), this type of testing is neither popular nor feasible
in school and public health settings. Historically, field tests of CRF have been the most common
measure, beginning with distance/timed running tests (61), and later moving into progressive
exercise shuttle run tests (68). More recently, the 20-meter shuttle run test (20mSRT), also called
the “beep” test or the PACER (Progressive Aerobic Cardiovascular Endurance Run) test, has
been identified as probably the most widely used field test of CRF among children and youth

(64,128).

The 20mSRT involves continuous running back and forth between two parallel lines 20 meters
apart in time to audio signals. It comprises a number of stages (also called levels), each lasting
about 1 minute, with each stage comprising a number of 20-meter laps (also called shuttles). At

each stage, the required running speed increases, until the child can no longer run the 20-meter



distance in time with the audio signal (on two consecutive occasions) or when the child stops due
to volitional fatigue. The test has moderate criterion validity against gas-analyzed peak VO,
(mL/kg/min) (see Section 3.1), high-to-very high test-retest reliability (see Section 3.2), and it is
meaningfully associated with a variety of health indicators among children and youth (62). The
20mSRT has been supported by European experts from the Assessing Levels of Physical
Activity (ALPHA) project (107), North American experts from the Institute of Medicine (IOM)
(58), and UK experts from the British Association of Sport and Exercise Science (13), all of

which provide authoritative recommendations about fitness testing in children and youth.

Given the international recognition of the 20mSRT, there has been a recent push to promote the
international surveillance of pediatric CRF as a way to not only monitor current population
health, but also to help anticipate future health and to help guide public health resource allocation
(62). There is also potential merit in using the 20mSRT as a feasible and objective measure to
help evaluate the impact of physical activity interventions (16,45,62,66,67,101,112,135,150).
Consistent with these views, this review aims to further clarify the international applicability of
the 20mSRT by synthesizing the evidence describing measurement variability, validity,
reliability, feasibility and interpretation. We also aim to provide future direction for international

20mSRT surveillance.

2  What are we measuring?

CREF fitness reflects the overall capacity of the physiological systems (cardiovascular,
respiratory, metabolic and neuromuscular) to perform continuous, rhythmic, dynamic, large-

muscle group physical activity of moderate-to-high intensity for long periods. Field tests of CRF



(e.g., the 20mSRT) provide a simple, single measure that assesses the integrated responses of the
physiological systems required to perform prolonged exercise in a natural setting, whereas gas-
analyzed tests of CRF (e.g., peak VO, tests) directly measure the function or contribution of the
underlying physiological systems to deliver and utilize oxygen (38). However, while laboratory-
based peak VO is an excellent prognostic measure at the individual level, field tests of CRF are
often preferred because they are low in cost and can be easily administered to a large groups of
people, simultaneously. The 20mSRT provides a progressively intense aerobic physiological
challenge that elicits a maximal effort in most children (143). At the individual level, the
20mSRT is a true indicator of peak VO» (absolute or relative to body mass) because peak VO, is
achieved at the end of a maximal 20mSRT performance (111). It is also an excellent marker of
functional/exercise capacity. It authentically imitates typical youth physical activities (e.g.,
jogging, running, sprinting, and agility through changes of speed/direction) and assesses the
physiological responses of such activities at high and maximal intensities, which is important for
children’s physical activity levels and successful sports participation. In addition, run/walk tests
induce the highest metabolic rate (peak VO2) compared to other exercise modes (e.g., cycling) in

children (5,71,132) and adults (23,60,132).

While it is widely accepted that gas-analyzed peak VO, is the criterion physiological measure of
CREF, it is not the only indicator of CRF. In addition to peak VO, maximal aerobic performance
could also be affected by other physiological (e.g., running economy, fractional utilization of
oxygen, VO kinetics, anaerobic capacity [15], agility [149]), physical (e.g., fat mass [42]) and
psychosocial factors (e.g., motivation, self-efficacy [27]). Theoretically, a lower relative peak

V0, will impair 20mSRT performance because peak VO, limits the rate at which oxygen can be



delivered and utilized in energy transfer; a lower mechanical efficiency will change the running
speed-V Os relationship and increase the oxygen cost for any given running speed; a lower
fractional utilization of oxygen will reduce the length of time sustained for any given running
speed; poorer VO, kinetics will reduce the rate at which VO rises at the start of exercise and to
meet progressive increases in running speed; a lower anaerobic capacity will reduce the amount
of energy supplied (via anaerobic metabolism) for maximal short-duration exercise, which will
be especially important for children when trying to complete the final laps of the 20mSRT or for
young and/or poorly conditioned children who can only complete a few 20mSRT stages; and,
poorer agility will impair the ability to rapidly change direction/speed and increase the oxygen

cost of running.

Fat mass could also affect 20mSRT performance. Because fat mass is partly metabolically
inactive and constitutes an additional load to carry, increased fat mass will decrease mass-
specific peak VO, (mL/kg/min) approximately on a pro rata basis (42,50). It is also possible that
increased fat mass will increase the oxygen cost of running at any given speed relative to total
body mass (94). This is because peripherally located fat mass (on the arms and legs) increases
both rotational and translational kinetic energy (31), and fat mass results in additional metabolic
maintenance costs (e.g., breathing, thermoregulation) (94). However, it is probable that major
increases in fat mass are required to alter the running mechanics enough to change energy

requirements (42).

Psychosocial factors, both cognitive (e.g., motivation, the ability to tolerate discomfort, the

ability to judge pace and effort) and affective (e.g., self-efficacy), also appear to affect 20mSRT



performance. Self-efficacy is a significant positive correlate of 20mSRT, with children who have
higher levels of generalized self-efficacy toward physical activity (i.e., those who perceive
themselves to be more physically capable and who prefer physical activities over sedentary
activities) tending to perform well on the 20mSRT (27). Fitness, fatness, physical activity and
self-efficacy can interact through many possible causal pathways (27). For example, fatter
children tend to have lower self-efficacy, which may make them less motivated to produce a
maximal aerobic effort (27). It is also possible that children with low CRF are less motivated to
exercise resulting in increased fatness, or those who are more physically active feel competent

because they are fitter and have lower fatness.

3  Validity, reliability and feasibility

3.1 Validity

Validity is the degree to which a test measures what it is supposed to measure. Validity has
important implications for: (a) predicting an individual’s criterion value, (b) deciding whether a
test has sufficient validity for tracking changes in an individual’s criterion value, (c) comparing

the validity of different tests, and (d) sample size estimation in descriptive or cross-sectional

studies (57).

The criterion validity of the 20mSRT as a measure of CRF is moderate. In a 2015 meta-analysis
of 57 studies and 78 validity correlations, Mayorga-Vega et al. (84) estimated the population
criterion validity of the 20mSRT in children and adults. For children, they reported the criterion

validity as moderate for estimating gas analyzed peak VO, in mL/kg/min (corrected mean r at



the population level [95%CI]: r,=0.78 [0.72, 0.85]). Mayorga-Vega et al. (84) showed that mean

criterion validity was considerably higher:

(1) for Léger’s protocol (68,70) than other protocol variants (e.g., the Eurofit and Queen’s
University of Belfast protocols — see Section 4 for protocol descriptions);

(2) when other variables (e.g., sex, age or body mass) were added to the prediction model; and

(3) for adults than for children.

Sex and peak VOs levels did not significantly affect the criterion validity of the 20mSRT.

Léger et al. (70) suggested that the lower criterion validity in children relative to adults may be
the result of larger inter-individual variability in biological age, since chronological age
significantly predicts peak VO in children but not adults. Despite the child-adult differences, the
20mSRT has moderate criterion validity in apparently healthy children and youth and can be
used as a good alternative for estimating CRF when gas analyzed measurement of peak VO, is
not appropriate, practical, or feasible. However, the 20mSRT may not be a good measure of CRF
for all children, especially young children or those with physical impairment (see Section 4).
Further examination of the data from Mayorga-Vega et al. (84) revealed that the criterion
validity of the 20mSRT increases throughout childhood and adolescence, from moderate
criterion validity in childhood to higher validity in adolescence (Figure 1). The slopes of the
regression lines relating age and criterion validity were similar for boys and girls (B1 — B2
[95%CI]: 0.02 [-0.12, 0.17]), indicating that sex did not significantly influence the age-related
changes in validity (Figure 1). The residual variability is probably explained by other
physiological, physical, and psychosocial factors (see Section 2), which may be more

pronounced in the 20mSRT performance of children than youth.



***insert Figure 1 about here***

It is important to note that the validity correlation is sensitive to sample heterogeneity, which
helps explain the considerable variability within age groups in Figure 1; in contrast, the standard
error of estimate (SEE) (i.e., the average random error in prediction) is not (57). While SEEs
have been less frequently reported for the 20mSRT than validity correlations, an analysis of 10
studies (3,14,35,53,70,78,83,87,111,121) estimates the average SEE to be 4.9 mL/kg/min (range:
1.3 to 7.1) or ~12% (range 3—18%, assuming a peak VO, of 40 mL/kg/min, which is typical of
children aged 9—17 years using international norms [128]). The 95% likely range for a true peak

V0, value estimated from the 20mSRT is ~10 mL/kg/min or ~24%.

3.2 Reliability

Test-retest reliability (henceforth termed “reliability”) is the degree to which a test produces
consistent results. Reliability has important decision-making implications for: (a) assessing an
individual with a single measurement or repeated measurements, (b) estimating the extent of
individual responses to a treatment in an experiment, (c) comparing the reliability of different

tests or measurers, and (d) sample size estimation in experimental or longitudinal studies (57).

The reliability of the 20mSRT is high-to-very high. In a systematic review of 32 reliability
studies, five of which assessed 20mSRT, Artero et al. (6) reported reliability coefficients (intra-
class correlation coefficients) for the 20mSRT ranging from 0.78 to 0.93 in children aged 8—18

years. Test-retest differences in means are negligible in children and youth (25,70,72



96,100); meaning, 20mSRT performance is independent of test familiarity and prior practice.

The 95% limits of agreement are approximately +2.5 stages/minutes (96).

3.3 Feasibility

The feasibility of the 20mSRT is high according to the IOM’s evaluation criteria for
administrative feasibility of a fitness test (58). It can be conducted in a timely and efficient
manner; it imposes acceptable preparation burden on both participants and testers; it can be

administered with acceptable privacy, minimal equipment and space; and performance is

10

independent of test familiarity and prior practice (see Section 3.2). Relative to other field tests of

CREF (e.g., distance/timed running tests), the external pacing helps to mitigate pacing variability

and the physiological burden on the child is somewhat reduced because only the final stage is

maximal. The 20mSRT also has strong utility and scalability for population health surveillance

(63). Domone et al. (47) described the scalability of field-based fitness measures as the ability of

a measure to attain six criteria:
(1) delivery (can the test be delivered in schools, in a timely manner, and by non-technical

staff, and is the test suitable for longitudinal research?);

(2) evidence of operating at scale (is the test appropriate for population-based testing, and are

schools likely to accept the test?);

(3) effectiveness (does the test demonstrate acceptable validity and reliability, and is there a
high level of participation and completion?);

(4) cost (is the test cost-effective?);

(5) resource requirements (are the equipment, space, skills, competence, and workforce

requirements minimal?); and
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(6) practical implications (can the test be implemented and scored with ease?).

In their systematic review of field-based tests of CRF, Domone et al. (47) identified the 20mSRT
as the most scalable for school-based fitness testing. Furthermore, the 20mSRT can help identify
children at increased risk of developing future cardiometabolic disease (65), as well as help
participants better understand CRF through comprehensive fitness education (49). Unfortunately,
the 20mSRT is vulnerable to interpretation misuse if physical educators, exercise professionals,
and those interpreting and communicating 20mSRT results are not fully familiar with the factors
affecting measurement variability, validity, reliability, and the meaning of norm-referenced and

criterion-referenced standards (see Section 5).

4 Assessment

While there has never been a formal cost-benefit analysis of CRF tests, the 20mSRT offers
several advantages over other field tests of CRF (e.g., distance/timed running tests such as the
1.6-kilometer and the 12-minute runs). First, the 20mSRT running course is shorter and requires
less space. Second, the 20mSRT can be conducted indoors, where the environmental conditions
can be more easily controlled. Third, because the 20mSRT is externally paced, cognitive aspects
of maximal aerobic performance are less likely to be important. Fourth, testing personnel can
more closely monitor participants. Fifth, for many children, because the intensity is progressively
increased, the initial stages of the 20mSRT serve as a warm-up. Sixth, the 20mSRT, and not
distance/timed running tests, is favorably related to health risk, specifically indicators of
adiposity and cardiometabolic risk (58). Finally, while the 20mSRT and distance/run tests are

similarly reliable, data from two large meta-analyses (84,85) indicate that in children and youth,



12

the 20mSRT has similar criterion validity to the 2400-meter (1.5-mile) and 12-minute run tests

and higher validity than other distance/timed run tests.

However, the 20mSRT is not without its disadvantages. For some children (e.g., young and/or
poorly conditioned children), the initial stages of the most widely used 20mSRT protocols (see
next paragraph) may be too fast, leading to premature onset of fatigue and a performance
unrepresentative of a true maximal aerobic effort. Ideally, the 20mSRT, like other progressive
aerobic exercise tests, should last at least five minutes in order to obtain a valid estimate of peak
V0 (89). Unfortunately, international norms indicate that most children and youth fail to run at
least five minutes (128). This is why several authors have used adapted versions of the 20mSRT
for children and youth with substantially reduced starting speeds (e.g., 4 km/h in obese youth
[102] and 6.5 km/h in preschool children [26]). In addition, the 20mSRT can only be performed
by able-bodied, ambulatory children, and may not be suitable for those with physical
impairment. However, adapted versions of the 20mSRT have been developed for children with
physical impairment, including the 10-meter shuttle run test for children with cerebral palsy who
can run/walk (141) and the 10-meter shuttle ride test for wheelchair using children with cerebral

palsy (142).

Despite its wide usage, there are numerous methodological issues associated with the 20mSRT,
including the existence of several protocol variants, different audio versions used to conduct the
test, and different performance metrics. While some of these issues are briefly described below,

the reader is referred to Tomkinson et al. (128,129) for a thorough review of these
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methodological issues. Tomkinson et al. (129) describe the three major protocol variants of the

I-minute stage test as:

(1) Léger’s original 1-minute protocol (68,70), which starts at a speed of 8.5 km/h and
increases in speed by 0.5 km/h each minute;

(2) The protocol used by the Eurofit (41), the FitnessGram® (125), the Australian Sports
Commission (10), and the British National Coaching Foundation (21), among others. In
this protocol, participants start at a speed of 8.0 km/h, the second stage is at 9.0 km/h, and
thereafter increases in speed by 0.5 km/h each minute; and

(3) The Queen’s University of Belfast protocol (104), which starts at 8.0 km/h and increases in

speed by 0.5 km/h each minute.

It is also important to realize that some researchers have been unaware of these protocol variants.
For example, some have inappropriately cited Léger and Lambert (69) in their methods sections
— Léger and Lambert (69) actually describe a 20mSRT with 2-minute stages designed for use in
adults. Other 1-minute protocol variants have also been described. The 15-meter shuttle run test
(15mSRT) was developed for testers with smaller-sized facilities, with a conversion chart
required to adjust 15mSRT results to 20mSRT results (125). An adapted 20-meter shuttle
run/walk test, starting at a speed of 4.0 km/h and increasing in speed by 0.5 km/h each minute,
has been used in a longitudinal interventional study of obese youth admitted to a rehabilitation
center for a 9-month obesity management program (102). The FITness testing in PREschool
children [PREFIT] 20mSRT (26), designed for use in pre-school children aged 3-5 years, is also
conducted over the 20-meter distance. However, it starts at a speed of 6.5 km/h and increases in

speed by 0.5 km/h each minute, and it is recommended that two testers concurrently run with a
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small group of children in order to assist with pacing. Given the lower criterion validity
associated with the 20mSRT in children compared with youth (see Section 3.1), protocol variants
such as the PREFIT are necessary in order to obtain an acceptably valid assessment of CRF in

preschool children (90).

There are also several different audio versions (digital audio files, compact discs or compact
cassettes), often produced in-house, that have been used for the same protocol. Methodological
variations on these versions (e.g., calling the stage number at the start of the stage versus the end
of each stage; using only full minutes versus both full minutes and half minutes to indicate
completed stages) means that identical 20mSRT performances can be reported in different ways.
In addition to variation in protocols, there has been variation in how results have been reported.
Individual results have been reported as the running speed (km/h) at the last completed stage, the
number of completed stages, the number of minutes the test lasted, the distance run, the number
of completed laps (or stages plus laps), or as predicted peak VO, (mL/kg/min) based on
regression equations (128,129). Furthermore, 20mSRT performances are also affected by factors
such as environmental conditions, clothing, field surfaces, footwear, motivation, pre-test

instructions, diurnal variation, and the purpose and context of testing.

We make the following recommendations to minimize methodological variability:
(1) accurately report the 20mSRT protocol (e.g., based on criterion validity analyses, Léger’s
protocol (68,70) is recommended in apparently healthy children and youth [see Section

3.10);
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(2) take care to minimize and report factors that affect 20mSRT performance (e.g., children
should be given the opportunity to practice the test to minimize the potential influence of
affective factors such as motivation; factors such as testing/environmental conditions
[ground, weather, temperature] should be accurately reported; and testing should be
postponed if the conditions are too adverse); and

(3) Dbest practice should include 20mSRT results being reported in multiple metrics (e.g., as the
number of completed laps, half stages, and running speed [km/h] at the last completed

stage), and considering the various metrics, speed is the only unequivocal metric.

At the completion of the 20mSRT, children should complete a cool-down period involving light-
to-moderate intensity aerobic activity lasting ~5—10 minutes (2). Children at risk for
cardiovascular complications during or immediately after maximal aerobic exercise should seek
medical advice before participating in the 20mSRT (2). Any adverse events (or lack thereof)
associated with the 20mSRT should also be reported (75). While data on adverse events resulting
from children performing maximal aerobic exercise are scant (62,75), no adverse events have
been recorded in the two largest UK-based fitness studies (Liverpool SportsLinx and East of
England Healthy Hearts Study) in which 20mSRT assessments were made on ~80,000 children

aged 9—16 years (13).

S Interpretation

There are two main approaches used to help interpret 20mSRT results: criterion-referenced and
normative-referenced standards. Health-related criterion-referenced standards are used as a

screening tool to identify children and youth at increased risk of future diseases. This approach is
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largely driven by a public health or medical lens by providing standards to help practitioners
identify children who may need intervention (65). Similarly, performance-related fitness
screening is used in the armed forces, police force and fire brigade to identify recruits who can
effectively carry out operational tasks, as well as for athlete identification (9). In contrast,
normative-referenced standards allow for comparison to a reference population in order to
determine how well a child compares to his/her peers. This approach is common in physical
education and has historically been used to compare and track sports/athletic performances
against centile bands to identify expected, better than expected, or worse than expected
developmental changes. Taken together, criterion-referenced and normative-referenced standards
provide a detailed interpretation of a child’s 20mSRT performance (65). Below, we review both

approaches while highlighting important next steps.

5.1 Health-related criterion-referenced standards

In 2017, a review (65) highlighted 10 sets of criterion-referenced standards for children and
youth aged 818 years (1,19,73,88,91,109,110,118,120,144). These studies were largely
published between 2006 and 2016 on North American, European, or South American children
and youth, and used a variety of health outcomes to derive the standards. Since then there have
been three newly published studies, one in British children (22), one in Canadian children (119),
and another in Macedonian children (99). These papers help build a growing body of evidence
with large population and public health implications (62). Figure 2 shows the available criterion-
referenced standards in mL/kg/min values for boys and girls aged 8—18 years. Indeed, the
variability across standards is problematic and creates difficulties in selecting an appropriate

standard for research, public health, or clinical practice. Previously, we have proposed (65) the
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development of universal health-related criterion-referenced standards for CRF in children and
youth to help create international consensus, similar to global physical activity guidelines (147).
To date, the best available international standards are those from the Ruiz et al. (108) meta-
analysis, which indicate that values below 42 and 35 mL/kg/min should raise concern among
boys and girls, respectively. The main criticism of these standards is the potential lack of face
validity through the absence of age-specific standards. More research is needed to investigate

this concern.

***insert Figure 2 about here***

Similar to the meta-analysis approach used by Ruiz et al. (108), future research should determine
whether universal age- and sex-specific criterion-referenced standards can be identified by
pooling standards that use different health-related criterion indicators. It may also be possible to
identify convergence or divergence across all available standards to help inform a universal
standard. The sample weighted age- and sex-specific mean standards shown in Figure 2 may
help inform this type of conversation. Furthermore, research should evaluate whether universal
standards would be valid for children and youth across ethnic or cultural groups, and whether
standards should be developed using measured 20mSRT performance values (i.e., laps, stages, or
running speed) instead of predicted peak VO, values, similar to the approach used by Buchan et

al. (22).

5.2 Normative-referenced standards
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In 2017, a large systematic review and analysis developed the first international normative-
referenced standards for 20mSRT performance in 9- to 17-year-old boys and girls by pooling
data from 1,142,026 children and youth from 50 countries (128). These norms include data from
16 low- and middle-income countries from Africa, Asia, and South America. Table 1
summarizes additional normative-referenced standards available from around the world for
apparently healthy children and youth aged 6—18 years. In addition, Cadenas-Sanchez et al. (26)
provide the first norms for pre-school children as part of the PREFIT test battery. These types of
normative-referenced standards could be used to standardize test scores (i.e., develop z-scores) to
facilitate comparisons between countries or jurisdictions, similar to what has been done
elsewhere (64). This approach is similar to the international growth curves used in studies to
standardize BMI scores among children and youth (36). We recommend reporting standardized
scores using the international normative-referenced standards to facilitate international
comparisons. When comparing within countries, it is recommended to standardize test scores
using regional or national norms to supplement scores standardized using the international

norms.

***psert Table 1 here***

Future research should further evaluate whether normative-referenced standards should be
corrected for testing conditions. For example, the Colombian norms presented by Ramirez-Velez
et al. (102) adjusted 20mSRT performances by a factor of 1.11 to account for the 2,625 m
elevation of Bogotd — the city in which the majority of data were collected. There is also a need

to facilitate the rapid update of national, regional, and international normative-referenced values
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to help accommodate temporal trends in CRF (127). We have previously recommended web-
surveillance to allow researchers from across the world to share their 20mSRT results to help
update norms and potentially identify target populations at increased risk (64). This is an

ongoing effort that could assist with future research and surveillance.

5.3 Application to policy

Among children and youth, CRF levels are strongly associated with current health status (62),
predictive of future health status in adulthood (106), and highly correlated with income
inequality (64,127) — an important indicator of population health status (145). The inclusion of
CRF in both national and international health surveillance systems could help complement
physical activity and obesity measures to provide a better interpretation of pediatric health.
Recently, there has been increased discussion about including CRF measures to help evaluate the
impact of health promoting policy (62,66,113). This approach may hold promise because
measures of CRF (e.g., indirect calorimetry [45,93,122,150], the 20mSRT [67,93,122],
distance/timed running/walking [16,67,122,150], and heart rate recovery methods
[16,45,67,122]) appear sensitive among children and youth to changes in physical activity levels
resulting from school-based interventions (45,93,122) and other intervention settings
(16,67,112,150), whereas other measures (e.g., BMI, blood pressure, blood cholesterol) appear
less sensitive to these types of interventions (45,122). Thus, monitoring temporal trends (127) or
geographic variability (64) in CRF through standardized surveillance efforts could help provide
additional insight into pediatric population health to help better inform practitioners and policy
makers about not only the impact of implemented health interventions, but also the potential

changes in health that may have implications for future resource allocation.
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6 Future directions — where to from here?

Field testing of CRF has been occurring around the world for many decades. The motivation for
such testing varies from country to country and has evolved over time, but generally has
clustered around military and occupational preparedness, fitness assessment and monitoring,
obesity prevention, and health promotion and surveillance. Widespread concern over decreasing
physical activity and fitness, and increasing overweight and obesity among children and youth
worldwide (17,52,58,74,91,127,130,148) has provoked several domestic and global directives,
strategies, and action plans, including the Toronto Charter for Physical Activity (24), the United
Nation’s Political Declaration of the High-level Meeting of the General Assembly on the
Prevention and Control of Non-communicable Diseases (133), the Bangkok Declaration on
Physical Activity for Global Health and Sustainable Development (59), and most recently the
World Health Organization Global Action Plan on Physical Activity (146). It could be argued the
time is right for a fitness renaissance and legitimization of surveillance of fitness as an important
indicator of personal and population health (58,62,91,105). Supporting this, the Active Healthy
Kids Global Alliance recently added “physical fitness” as an indicator in the harmonized process

used to develop country report cards on the physical activity of children and youth (8).

In this paper we built the case for the 20mSRT to be widely used as a measure of CRF in a
resurgence of fitness monitoring and surveillance among children and youth, worldwide. We
have shown that the 20mSRT is an acceptable, feasible and scalable measure of CRF and
functional/exercise capacity in children and youth, and that it has moderate criterion validity and

high-to-very high reliability. The assessment is pragmatic, easily interpreted and results are
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transferable to meaningful and understandable situations. It is likely for these reasons that the
20mSRT has been used globally for many years (128). It is used in interventions for baseline
fitness testing and to monitor progress in response to exercise training or physical activity
programs, often preferred over laboratory measured peak VO, (either maximal or submaximal)
because of its low cost and ease of administration. Importantly, the 20mSRT is a predictor of
future health (106). The 20mSRT provides a simple, single measure that assesses the integrated
responses of the physiological systems’ ability to perform continuous, rhythmic, sustained, large-
muscle group exercise. The 20mSRT does not provide specific information on the function or
contribution of specific systems that can be obtained from a peak VO, test (38). However,
because the 20mSRT is reflective of functional/exercise capacity and peak VOo, it can be used in

apparently healthy populations as an index of one and/or the other.

Sustainable Development Goals adopted by the United Nations in 2015 (134) have charted the
course for the global community until 2030. The Bangkok Declaration (59) shows how
intricately physical activity is woven into many of these goals. The World Health Organization’s
Global Action Plan for Physical Activity provides a beacon for global efforts to increase the
physical activity of people around the world. Monitoring progress towards increasing physical
activity is very challenging (52). Measures of fitness, including the 20mSRT, provide a robust,
standardized alternative to assess population health at a country level. To move forward the
adoption of the 20mSRT for future surveillance efforts there is a need to:

seek consensus on recording and presentation of testing protocols, scoring and

interpretation of results;
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orchestrate international efforts to establish criterion-based CRF standards (especially for
the 20mSRT) for a variety of health indicators, across all ages;

make and calibrate necessary adjustments to testing and screening protocols across ages
from the early years through to adolescence;

develop a standard multilingual test package, including digital audio files and a standard
operating manual;

create a global repository to house CRF data and periodically compile global norms for use
in monitoring and surveillance;

establish a global effort to track and monitor changes in CRF using standardized protocols;
and

conduct further research to better understand the merit of using CRF to evaluate physical

activity policy and interventions.

7 Conclusion

The 20mSRT is a good marker of functional/exercise capacity and CRF is favorably associated
with health among children and youth. The test is feasible and evidence suggests that it could be
applied in a variety of contexts. Although future research and international efforts are needed, the
time seems right to engage in collaborations to further discuss the merits of including CRF
(assessed by the 20mSRT) as an international surveillance measure to help better understand the
health status of pediatric populations, and to help evaluate the impact of health promoting

policies and interventions.
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Table 1. Normative-referenced standards for the 20mSRT in apparently healthy children and

youth.
Region/Country Citation Sample Year of Age Sex 20mSRT
size testing range (male/female protocol
(years) ratio)

International Tomkinson et al. (128) 1,142,026  1984-2015  9-17 48.4/51.6 Léger

Regional
Europe De Miguel-Etayo et al. (43) 7,862 2007-08 6-11 49.3/50.7 Léger
Europe Ortega et al. (95) 3,428 200608 12-18 46.2/53.8 Léger
Europe Tomkinson et al. (126) 445,092 19812016  9-17 53.2/46.8 Eurofit

National
Argentina Secchi etal. (117) 1,867 2012 6-19 48.2/51.8 Léger
Australia Catley et al. (30) 18,075 1990-2009  9-17 50.6/49.4 Léger
Australia Cooley and McNaughton (37) 6,061 1998 11-16 49.2/50.8 Eurofit
(Tasmania)
Brazil Hobold et al. (56) 5,962 2012 6-18 49.3/50.7 Léger
Canada Massicotte (82) 6,644 1989-90 6-17 55.2/44.8 Léger
Colombia Ramirez-Vélez et al. (102) 7,244 2014-15 9-18 44.3/55.7 Léger
England Sandercock et al. (114) 7,366 2006-10 10-16 52.9/47.1 Léger
(East England)
France Vanbhelst et al. (136) 11,186 2009-13 10-15 49.6/50.4 Léger
Greece Tambalis et al. (123) 141,169 1997 7-10 51.1/48.9 Léger
Greece Tambalis et al. (124) 424,328 2014 6-18 51.0/49.0 Léger
Latvia Sauka et al. (116) 10,464 2004-09 6-17 52.6/47.4 Léger
Norway Haugen et al. (54) 1,059 2004-06 13-15 50.0/50.0 Léger
Poland Dobosz et al. (46) 47,682 2009-10 7-19 52.3/47.7 Eurofit
Portugal Santos et al. (115) 22,048 2008 10-18 49.4/51.6 Léger
Portugal Silva et al. (120) 5,559 2008-09 10-18 50.2/49.8 PACER
Spain Cadenas-Sanchez et al. (26) 3,179 2014-15 2-6 52.8/47.2 PREFIT
Spain Castro-Pifieiro et al. (29) 2,752 200607 6-18 54.2/45.8 Léger
Spain Gulias-Gonzalez et al. (51) 1,725 2010 6-12 50.3/49.7 Eurofit
United States  Carrel et al. (28) 20,631 2008-10 8-18 51.2/48.8 PACER

(Wisconsin)

Note, see Section 4 for protocol descriptions.
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Figure captions

Figure 1. Sample-weighted quadratic curve showing the age-related changes in criterion validity

for gas analyzed peak VO, (mL/kg/min) from 20mSRT performances only.

Note, black dots indicate data for boys, dark grey dots indicate data for girls, and light grey dots indicate data for
both boys and girls. Validity data for children and youth are from

3,5,7,11,12,14,20,32,33,34,35,44,48,53,55,70,72,76,77,79,80,81,83,86,87,104,131,137,138,139,140.

Figure 2. Sample-weighted Lowess curves (tension=66) showing the age-related changes in

health-related criterion-referenced standards for CRF (peak VO, in mL/kg/min).

Note, black dots and curve indicate data for boys, and the light grey dots and curve indicate data for girls.
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