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ABSTRACT

Objectives: Our aim was to determine the normative reference values of
cardiorespiratory fitness (CRF) and to establish the proportion of subjects with low CRF

suggestive of future cardio-metabolic risk.

Methods: A total of 7244 children and adolescents attending public schools in Bogota,
Colombia (55.7% qgirls; age range of 9-17.9 years). We expressed CRF performance as
the number of shuttle-runs completed and the estimated peak oxygen consumption
(VO2peak) and smoothed percentile curves were calculated. In addition, we also present
the prevalence of low CRF after applying a previously suggested correction factor, to
account for the impact of Bogota’s altitude (2,625 meters over sea level) on CRF
assessment and we calculated the number of participants who fell below health-related
FITNESSGRAM cut-points for low CRF.

Results: Shuttles and VOgzpeak Were higher in boys than in girls in all age groups. In boys
there were higher levels of performance with increasing age, with most gains between the
ages of 13 and 17. The proportion of subjects with a low CRF, suggestive of future cardio-
metabolic risk (health risk FITNESSGRAM category) was 31.5% (28.2% for boys and
34.1% for girls; 22 p = 0.001). After applying a 1.11 altitude correction factor, the overall

prevalence of low CRF was 11.5% (9.6% for boys and 13.1% for girls; 4% p = 0.001).

Conclusions: Our results provide sex- and age-specific normative reference standards for
the 20-meter shuttle-run test and estimated VOgzpeak Values in a large, population-based

sample of schoolchildren from an Latin-American city at high altitude.
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INTRODUCTION
Cardiorespiratory fitness (CRF) is a direct indicator of an individual’s physiological
status and reflects the overall capacity of the cardiovascular and respiratory systems
(Castro-Pifieiro et al., 2011). There are a number of cross-sectional studies showing that
low CRF in youth is independently associated with a higher cardio-metabolic risk
(Andersen et al., 2006; Lobelo et al., 2010; Ruiz et al., 2006). In addition, longitudinal
studies have shown that a healthy CRF in childhood and adolescence is associated with a
healthier cardio-metabolic profile later in life (Ortega et al., 2008). These findings have
been replicated in clinical adult populations with diabetes mellitus, hypertension,
metabolic syndrome, and several types of cancer (LaMonte and Blair, 2006). In light of
this evidence, it is of great concern that in recent decades, CRF appears to have declined
in children and adolescents worldwide (Catley and Tomkinson, 2013; Garber et al., 2014).
These trends have been observed against a background of increased, decreased or stable

body mass index (BMI) within the same populations (Olds et al., 2006).

Sex- and age-specific normative values for CRF in youth have been published
(Eisenmann et al., 2002; Pate et al., 2006; Tomkinson and Olds, 2007; Barnett et al., 1995;
Twisk et al., 2002; Ortega et al., 2011). However, the majority of the published aerobic
fitness reference values are for schoolchildren from high income countries in North
America (Pate et al., 2006; Carrel et al., 2012; Tremblay et al., 2010), Asia/Oceania
(Tomkinson et al., 2007; Gursel et al., 2004) and Europe (Roriz De Oliveira et al., 2014;
Gulias-Gonzalez et al., 2014; Haugen et al., 2014; Sandercock et al., 2012). There is a
scarcity of reference values for children using harmonized measures of physical fitness
in Latin America (Aguilar et al., 2011; Gonzalez et al., 2014) and other low-middle

income countries (LMICs) undergoing rapid epidemiologic and nutrition transitions



(Wachira et al., 2014), making it impossible to evaluate secular trends within these
regions and identify high risk groups for which risk reduction interventions should be
prioritized. In particular, no population-based studies have been conducted to assess CRF
for youth living at high altitude (over 2,000 meter over sea level). This is important
because it is estimated that more than 16.5 million youth between the ages of 10 and 20
years old live at such altitudes in the Andes in Latin America and in mountain ranges in
Central America, Europe, Asia and Africa, for which CRF normative values may need to

be created or adjusted.

Therefore, the objectives of this study are 1) to present normative reference values for
CRF in a population-based sample of 9 to 17 year old schoolchildren in Bogota, Colombia
as estimated via the 20-m Shuttle-run test; 2) to establish the proportion of subjects whose
aerobic capacity is indicative of future cardiovascular risk based on previously validated
health-related standards to define low CRF and 3) to present the prevalence of low CRF
after applying a correction factor previously suggested in the literature to account for the

impact of Bogota’s altitude (2,625 meters over sea level) on CRF assessment.

METHODS

Study population

In Colombia, measures of weight and physical activity have been added to youth health
monitoring systems by the government (ICBF 2010) and research institutions. Recently
(2015), physical fitness assessment was added to the FUPRECOL study (in Spanish
ASOCIACION DE LA FUERZA PRENSIL CON MANIFESTACIONES DE RIESGO

CARDIOVASCULAR TEMPRANAS EN NINOS Y ADOLESCENTES



COLOMBIANOS). The FUPRECOL study seeks to establish the general prevalence of
cardiovascular risk factors (anthropometric, metabolic and genetic markers) in the study
population (children and adolescents aged 9 to 17.9 years living in Bogota, Colombia)
(Ramirez-Vélez et al., 2015; Rodriguez-Bautista et al., 2015; Prieto-Benavides et al.,
2015) and examine the relationships between physical fitness levels and cardio-metabolic

risk factors.

The FUPRECOL study assessments were conducted during the 20142015 school year.
The sample consisted of children and adolescents (boys n = 3211 and girls n = 4033) ages
9-17.9 years. All schoolchildren were of low-middle socioeconomic status (SES, 1-3 in
a scale 1-6 defined by the Colombian government) and enrolled in public elementary and
high schools (grades 5 through 11) in the capital district of Bogota, Cundinamarca
Department in the Andean region. This region is located at approximately
4°35'56"N 74°04'51"W and at an elevation of approximately 2,625 meters (min: 2,500;
max: 3,250) above sea level. Bogota is considered an urban area, with approximately
7,862,277 inhabitants (DANE, 2007). A convenience sample of volunteers was recruited
and grouped by sex and age based on 1-year intervals (9 groups total). Power calculations
were based on the mean CRF values from the first 200 participants recruited (range: 35-
45 mlekgtemint), with a group SD of approximately 5.2 mlskgemin™. The significance
level was set to 0.05, and the required power was set to at least 0.80. The sample size was
estimated to be approximately 200 to 400 participants per age and sex groups. Exclusion
factors included clinical diagnosis of cardiovascular disease, diabetes mellitus 1 and 2,

pregnancy, use of alcohol or drugs, not having lived in Bogota for at least 1 school year.



Exclusion from the study was made effective a posteriori, without the students being

aware of their exclusion to avoid any undesired situations.

Data collection

Anthropometric variables were measured by a Level 2 anthropometrist certified by the
International Society for the Advancement of Kinanthropometry (ISAK) in accordance
with the ISAK guidelines (Marfell-Jones et al. 2006). Variables were collected at the same
time in the morning, between 7:00-10:00 a.m., following an overnight fast. Body weight
of the subjects was measured when the subjects were in underwear and did not have
shoes on, using electronic scales (Tanita® BC544, Tokyo, Japan) with a low technical
error of measurement (TEM = 0.510%). Height was measured using a mechanical
stadiometer platform (Seca® 274, Hamburg, Germany; TEM = 0.019%). BMI was
calculated as the body weight in kilograms divided by the square of the height in meters.
Waist circumference was measured at the midpoint between the last rib and the iliac crest
using a tape measure (Ohaus® 8004-MA, New Jersey, USA; TEM = 0.086%). Sexual
maturation was classified based on Tanner staging (Tanner and Whitehouse, 1976), which
uses self-reported puberty status to classify participants into stages I to V (Matsudo S and
Matsudo V, 1994). Each volunteer entered an isolated room where they categorized the
development of their own genitalia (for boys), breasts (for girls), armpits (for boys) and
pubic hair (for both genders) using a set of images exemplifying the various stages of

sexual maturation. The data were recorded on paper by the FUPRECOL evaluators.



Cardiorespiratory fitness

Testing procedures were consistent with international guidelines for school-based fitness
assessment (Universidad de Granada, 2007). At each school, a team of trained
FUPRECOL evaluators administered the tests in partnership with the school’s physical
education instructor. Testing was conducted in the school gymnasium or in areas where
a hard surface was available. The CRF was assessed via the 20 m shuttle—run test (mlekg"
Lemin) (Leger et al., 1988). Participants jogged or ran in a straight line between two lines
20 m apart while keeping pace with pre-recorded audio signals. The initial speed was 8.5
km/hour and increased by 0.5 km/hour each minute. The test was terminated if the
participant failed to reach the end lines in time with the audio signals on two consecutive
occasions or when the subject stopped because of self-reported fatigue. The results were
recorded to the nearest stage (minute) completed. The equation of Leger et al. (Leger et
al., 1988) was used to estimate the VOzpeak. TO calculate the VOzpeak from the result of the
20 m shuttle-run test score, age (A; in years) and the final speed (S; corresponding to the
stage speed = 8 + 0.5 per stage number, in km/h) were entered into the following formula
(r = 0.7; for children and adolescents, from 8-19 years) VOzpeak (mlekgemin™) = 31.025
+3.238x S -3.248 x A +0.1536 x S x A. The reliability and validity of this test has been
widely documented (Liu et al., 1992; Leger et al., 1984) and is considered a test of choice
for population-based CRF assessments for schoolchildren (Ramirez-Vélez et al., 2015).
All tests were conducted by a trained research team that provided standardized
encouragement for participants during all test phases. The systematic error when the CRF
assessments were performed twice (n=229) was 0.217 SD of bias 0.811 [95% ClI= -

1.808% to 1.373%; n = 207] (Ramirez-Vélez et al., 2015).



CRF and future cardio-metabolic risk

In the 1990s, FITNESSGRAM® established sex- and age-specific CRF cutoff values for
adolescents that were known as the Healthy Fitness Zones (Cureton and Warren, 1990).
The Healthy Fitness Zones were designed to represent the lowest levels of CRF that were
linked to adequate functional and/or health-related outcomes in adolescents (Garber et
al., 2014; Sandercock et al., 2012). We calculated the number of participants in each age-
sex group who might be considered to have low CRF levels according to recently-updated
FITNESSGRAM® health-related standards (Welk et al., 2011). Low CRF was defined by
using either the cut-off values for age- and sex-specific test performance (shuttle-runs or
estimated VOzpeak) listed in the healthy fitness zone (needs improvement and health risk).
The FITNESSGRAM® (Welk et al., 2011) has been shown to have cardio-metabolic
health predictive value (Welk et al., 2011), and VO2peak cut-off points were validated
against the presence of metabolic syndrome using nationally representative U.S. data
(Lobelo et al., 2009).

All measures were performed twice, except for the 20 m shuttle-run tests, which were
performed only once for the study sample. All standard operating procedures and
protocols for CRF testing are available in the manual and videos on the ALPHA project
website (https://sites.google.com/site/alphaprojectphysicalactivity/). Direct and simple
language was used for the communication process and the explanation of tests.
Additionally, the evaluators provided visual models and examples before performing the

test when necessary. Participants did not receive previous training on these tests.



Altitude Correction Factor

Previous studies have reported VO2max values to be reduced by about 10% for each 1000
m above 1500 m, point where arterial oxygen desaturation is evident despite adequate
erithropoietic adaptations (Fulco et al., 1998; Squires et al., 1982) in altitude-adjusted
individuals. In our analysis we present both raw VOapeak Values as well as values adjusted
by a correction factor of 1.11 to account for the impact of Bogota’s altitude (2,625 meters

over sea level) on CRF assessment.

Ethics Statement

The Review Committee for Research on Human Subjects at the University of Rosario
[Code N° CEI-ABN026-000262] approved all of the study procedures. A comprehensive
verbal description of the nature and purpose of the study and its experimental risks was
given to the participants and their parents/guardians. This information was also sent to
parents/guardians by mail. Written informed consent was obtained from parents and
subjects before participation in the study. The protocol was in accordance with the latest
revision of the Declaration of Helsinki and current Colombian laws governing clinical

research on human subjects (Resolution 008430/1993 Ministry of health).

Statistical analysis

Anthropometric and CRF characteristics of the study sample are presented as means and
standard deviations (SD). Normality of selected variables was verified using histograms
and Q-Q plots. Differences were analyzed by one-way analysis of variance (ANOVA) or
Chi-square test (%) to explore sex and age differences. Smoothed and specific curves for

each age were obtained via a penalized maximum likelihood with the following



abbreviations: (1) L (Box-Cox transformation), (2) M (median), and (3) S (coefficient of
variation) (Cole and Green, 1992). The LMS method assumes that the outcome variable
has a normal distribution after a Box-Cox power transformation is applied using the LMS
method implemented in the LMSChartMaker Pro Version 2.54, (Medical Research
Council, London, UK, http://www.healthforallchildren.com/shop-
base/software/Imschartmaker-light/). The appropriate number of degrees of freedom was
selected on the basis of deviance, Q-tests and worm plots, following the suggestions of
Royston & Wright (Royston and Wright, 2000). The 39, 101", 25M 50t 75" 90" and 971"
smoothing percentiles were chosen as age- and gender-specific reference values. We used
SPSS V. 21.0 software for Windows (SPSS, Chicago, Illinois, USA) for all but the LMS

method calculations. Statistical significance was set at p<0.05

RESULTS

Descriptive characteristics

Descriptive statistics by sex are shown in Table 1. All anthropometric variables, except
BMI, were higher in boys than in girls (p<0.001). The prevalence of overweight and
obesity differed by sex (p<0.001). One-way ANOVA tests showed that VOgzpeak (mlekg
Lemin™) and shuttles (count) were higher in boys than in girls (p<0.001). The proportion
of subjects with a low CRF suggestive of future cardio-metabolic risk (health risk
FITNESSGRAM standard) was 31.5% (28.2% for boys and 34.1% for girls; 4° p =
0.001). After applying an 11% altitude correction factor, the overall prevalence of low

CRF was 11.5% (9.6% for boys and 13.1% for girls; 4° p = 0.001).

** Table 1 here **

10



20 m shuttle-run performance and FITNESSGRAM health-related standards

The age-sex distribution of 20 m shuttle-run performance for the study sample is
presented in Table 2. Performance is expressed as number of shuttles completed, running
speed for the final shuttle completed and predicted VOgzpeak (mlckglemin?). The
prevalence of low CRF (health risk FITNESSGRAM category) was 0% in 9 to 11.9 year
olds but ranged from 15.4% to 79.2% in other age groups, being particularly high among
15to 17 year-old girls and 17 year-old boys. The altitude-adjusted prevalence of low CRF

ranged from 0% to 60%, following a similar patter by age and sex groups.

** Table 2 here **

Normative 20 m shuttle-run values

Smoothed LMS curves (3", 10, 25" 501 75 90" and 97" percentile) for boys’ and
girls® performance (shuttles completed and VVOzpeak in mlekg*smin™) are shown in Figures
1 and 2. The equivalent numerical values are available in Tables 3 and 4. Together, these
data show that boys performed better on the test at all ages compared with girls. In boys,
the 50" percentile of shuttles completed, VOzpeak and altitude-adjusted VOzpeak adjusted
ranged from 17.5 to 52.0 shuttles, 40.3 to 43.9 mlckg'*min™, and 44.7 to 48.7 mlekg
Lemin™ respectively. In girls, the 50" percentile ranged from 15.0 to 25.0 shuttles, 31.5 to
43.4 mlekgtemin™, and 35.0 to 48.2 mlekgemin* respectively. In boys there were higher
levels of performance across all age groups, with most apparent gains between the ages
of 14 and 17. In girls, performance was also higher between the ages of 12 and 14, but
this difference was more modest. From the ages of 15 to 15.9, test performance was

slightly lower in girls (Tables 3 and 4).
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** Table 3 and Table 4 here **

** Figure 1 and Figure 2 here **

Table S1 and Figure S1 (Supporting Information) presents altitude-adjusted VO2peak
normative values following a similar described pattern according to age and gender.
Figure S2 (Supporting Information) presents a comparison of V Ozpeax Centile values (3rd,
50th and 97th percentiles) for raw and altitude-adjusted values among boys and girls. The

effect of the altitude adjustment can be observed in the graphic.

Finally, comparisons of the mean (+SD) for the VOgzpeak (mlekgtemin™) from this study
are presented in Table S2 y Table S3 (Supporting Information). Based on the raw non-
adjusted data, we found that Bogota boys had lower VO2peax Values than their counterparts
from England, Canada, Argentina, Spain, Portugal and Australia. Bogota schoolchildren
girls had lower VOgzpeak Values than counterparts from England, Canada, and Australia.
After performing the altitude adjustment, only youth from Canada had higher VOzpeax

values than youth in Colombia.

DISCUSSION

This study presented for the first time smoothed reference values for the 20-meter shuttle-
run performance and predicted VOzpeak (mlskg**min™) among a large, population-based
sample of schoolchildren from Bogota, Colombia. These results can be used as a baseline
for long-term physical fitness surveillance in the city, the country and the Latin American
region. The 20 m shuttle-run performance curves can also be useful for cross-country
comparisons as efforts to include CRF testing in national health and nutrition studies and
surveillance efforts gain more traction, in particular in LMICs (Catley and Tomkinson,

2013; Tomkinson and Olds, 2007; Barnett et al., 1995; Sandercock et al., 2012; Matsudo
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S and Matsudo V, 1994; Cole and Green, 1992; Royston and Wright, 1992; Secchi et al.,
2014; Ortega et al., 2005; Slinger et al., 2009; Ortega et al., 2008; LaMonte and Blair,

2006).

The age- and gender-related developmental patterns of aerobic fitness have been well
studied in non-representative samples (Ortega et al., 2011; Liu et al., 1992; Ortega et al.,
2008; LaMonte and Blair, 2006; Catley and Tomkinson, 2013). Data from this study show
the well-documented differences between sexes and the typical changes in aerobic test
performance associated with growth and maturation in youth (Malina et al., 1997). For
example, boys’ test performance was higher than that of girls at all ages and their CRF
levels remained relatively stable. In girls, it is generally thought that VO2peax decreases

during adolescence.

We found six studies, published within the last 10-years, using similar CRF field-tests in
population-based samples of children and adolescents and presenting age and gender-
specific normative values. Compared to their counterpart and based on our non-adjusted
VO2peak Values, Colombian boys had the lowest CRF levels found in any country with
available data. Among Colombian girls, CRF levels were lower than those reported for
England, Canada, and Australia but on par or higher than for Argentina, Spain and
Portugal girls. (Tomkinson and Olds, 2007; Sandercock et al., 2012; Matsudo S and
Matsudo V, 1994; Cole and Green, 1992; Secchi et al., 2014) (Supporting Information
File S4). Given the prevalence of physical inactivity and overweight/obesity are generally

lower in Colombia than in the mentioned countries (Rivera et al., 2014; Gonzalez et al.
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2014), such finding seemed counter-intuitive. However, after performing the altitude

adjustment, only youth from Canada had higher VO2peak Values than youth in Colombia.

At sea level, the standard barometric pressure is 760 mmHg, the oxygen partial pressure
in the athmosphere is 160 mmHg and in the arteries drops to 100 mmHg. Comparatively,
values at 2660 level are 559 mmHg, 100 mm Hg and 60 mmHg for standard barometric
pressure, athmospheric and arterial blood oxygen partial pressure, respectively. A 40%
lower arterial oxygen partial pressure leads to arterial oxygen desaturation (Sa0.,=89%)
despite adequate erithropoietic adaptations among individuals regularly living at such
altitudes (Fulco et al., 1998; Squires et al., 1982). We believe that the correction factor
we applied is warranted and altitude-adjusted CRF normative values should be presented.
There are no published estimates regarding the number of 10-20 year olds living at high
altitude (above 2,000 meter sea level). A previously published report estimated that 130
million people lived above 2,000 meters sea level based on global population estimates
for 1994 (Cohen et al., 1998). According to World Bank figures, global population has
grown 30% from 1994 (5.6 Billion) to 2015 (7.3 Billions) (World Bank 2015). Assuming
a steady 30% population growth for the global population living above 2,000 meters sea
level and given that on average 9.8% of the population in LMICs are in the 10-20 year
old range, we conservatively estimated that 16,562,000 million youth between 10 and 20
years old live at high altitude (World Bank 2015). Therefore, normative CRF values such
as the ones developed for this study may need to be created or adjusted for youth living
at high altitudes in the Andes in Latin America and in mountain ranges in Central

America, Europe, Asia and Africa.
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Even after adjusting for altitude, a significant proportion of Colombian youth (17.9 boys;
27.3% girls) showed unhealthy CRF levels according to the combined prevalence of
needs improvement and health risk FITNESSGRAM categories. This proportion is
similar to that reported in a representative sample of 13-17 year olds in Chile (Garber et
al., 2014) and similar population-based samples of schoolchildren in Argentina, the UK,
Sweden and Spain, but lower than those reported in the USA, Australia and a Pan-
European sample (Supporting Information Files S4). The prevalence of physical
inactivity and sedentary behavior among children and adolescents has increased in several
countries in recent decades (Rey-Lopez et al., 2008; Sandercock and Ogunleye, 2013),
and consequently it is possible that physical fitness values may also have changed (Craig
etal., 2012). Historical declines in fitness may indeed have been partly due to concomitant
increases in body mass (Stratton et al., 2007; Olds et al., 2007). Sandercock et al. (2010)
indicated that increases in BMI may explain some of the decrease in fitness; however,
Sandercock et al. (2015) reported an 8% decrease in fitness between 1998 and 2008 that
was largely independent of changes in BMI. Support for this hypothesis was elegantly
provided in the Fitlinx project, which reported declines in shuttle-run performance
concurrent with increases in BMI (Sandercock et al., 2015). In Latin America, for
example, populations have disparities in health along with disparities in modifiable risk
factors, including low participation in physical activity. LMICs, such as Colombia, are
experiencing rapid urbanization and integration with global markets. This has led to
changes in diet and physical activity, which in turn have had large effects on body
composition and other health-related fitness components (Ramirez-Velez et al., 2015;
Malina et al., 1997; Parra et al., 2015; Gonzélez et al., 2014; Lopez et al., 2006). It is well

known that CRF and muscular fitness (Buchan et al., 2015; Melo et al., 2015) are better
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predictors of cardiovascular disease risk factors in children than BMI, and prospective
and case—control studies have shown that even with a normal BMI, those with lower
physical fitness are at increased risk of cardiovascular disease risk and premature death
(Ortega et al., 2012; Ekelund et al., 2007). These changes are contributing to a global
increase in the prevalence of non-communicable diseases (Malina et al., 1997). Therefore,
the inclusion of CRF within health surveillance systems is justifiable and has been
recommended (Kaminsky et al., 2013). Schools may be an ideal setting to monitor youth
fitness (De Miguel-Etayo et al., 2014) and could help to formulate specific strategies to

promote the future health of youth.

Low CRF is a strong and independent predictor cardio-metabolic disease in adults
(Kodama et al., 2009). Mesa et al. (2006) tested CRF using the 20 m shuttle-run and used
ROC analyses to determine the cut- off point for aerobic fitness and an adverse blood
lipid profile in adolescents (ages from 13-18 years). Lobelo et al. (2009) reported that the
CRF thresholds that best discriminated between low and high cardio-metabolic risk in a
representative sample of US adolescents were very similar to those established in 2004
by the FITNESSGRAM® expert panel. A similar method was then used by the
FITNESSGRAM group to develop their current health-related standards (Welk et al.,
2011). These data can be useful to guide existing noncommunicable disease prevention
efforts in Colombia (Aguilar et al., 2011; Gonzalez et al., 2014). The fact that almost 1 in
5 Colombian boys and 1 in 4 girls had a low aerobic capacity, suggestive of an increased
future cardio-metabolic risk is noteworthy. However, these values should be interpreted
with caution, as the data have been converted to predicted VOapeak based on one of a

number of available reference equations, which has limitations (Sandercock et al., 2012;
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Aguilar et al., 2011). We adopted the 20 m shuttle-run test to estimate CRF because it has
been extensively used in situations when it is unfeasible to use direct measurements
(Machado-Rodrigues et al., 2014; Moreiraet al., 2011; Prieto-Benavides et al., 2015), and
because its results are highly correlated with laboratory measurements (Batista et al.,

2013).

This study had some limitations. First, we did not measure important variables in relation
to CRF and altitude such as levels of physical activity, sex hormone levels, family
background birthplace and time living in Bogota. Second, the estimation of VO2peax from
the 20 m shuttle-run is known to vary according to the equation used. A previous study
(Boiarskaia et al., 2011) has tested the degree of agreement between various equations
used to estimate VOzpeak and the actual VOzpeak. The equation used to estimate VOzpeak in
this study may have underestimated cardiorespiratory fitness by up to 12% relative to
other methods and therefore may have, in isolation, inflated the prevalence of unhealthy
aerobic capacity (Sandercock et al., 2012; Leger et al., 1988). Therefore, we considered

our low CRF estimates to be conservative.

On the other hand, our decision to categorize CRF according to its health predictive value
instead of using continuous variables can be considered strength of the study, as it allowed
for greater public health interpretability. Taking advantage of a newly compiled and large
population-based sample, this study develops centile references for Colombian
schoolchildren using the popular LMS method (Cole and Green, 1992) and smoothed and
specific CRF curves for each age and gender are further generated from LMS model

parameters to facilitate direct comparison of Colombian data with international
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references. The results contribute to the recent application of the LMS statistical
procedure for the construction of growth percentiles for a variety of outcomes (e.g., BMI,
waist circumference, blood pressure) (Eisenmann and Malina, 2002; Pate et al., 2006;
Carrel et al., 2012; Tomkinson et al., 2007; Roriz et al., 2014; Haugen et al., 2014;
Sandercock et al., 2012). Another potential strength of the study was the use of a, valid,
and reliable field tests recommended for Latin American youth school-based fitness

assessment.

In conclusion, our results provide sex- and age-specific normative reference standards for
the 20-meter shuttle-run test and estimated VOzpeak Values in a large, population-based
sample of schoolchildren from Bogota, a city situated at high altitude. These curves can
be used as a reference with which to compare the performance of individuals of a
corresponding age in the city, country and region. Establishing these reference percentiles
allows for comparison of CRF in schoolchildren, who vary geographically and
demographically, with others in similar settings. The reference percentiles also enable
year-by-year tracking of the fitness profiles of large numbers of students now
participating in statewide school-based initiatives to improve fitness. We also introduce
a method to adjust VOzpeax levels to account for the impact of high altitude on CRF
assessment that can be replicated in future studies. Future research aimed at establishing
the CRF cut-off value associated with high cardio-metabolic risk in this population is

warranted.
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Table 1. Characteristics of among a population-based sample of Schoolchildren in
Bogota, Colombia [mean (SD) or frequencies (%)]

Characteristics Boys Girls Total
(n=3211) (n=4033) (n=7244)
Age (years) 12.9 (2.3) 12.8 (2.4)* 12.8 (2.3)
Body weight (kg) 45.0 (13.0) 44.8 (11.4)** 44.6 (12.3)
Height (m) 1.50 (0.13) 1.47 (0.10)* 1.49 (0.12)
BMI (kg/m?) 19.3(3.3) 20.3 (3.5)* 19.7 (3.4)
Weight status n,(%)
Underweight 930 (29) 1209 (31)* 2139 (29)
Normal weight 1697 (53) 1828(45)* 3525 (49)
Overweight 405 (13) 658 (16)* 1063 (15)
Obese 179 (6) 338 (8)* 517 (7)
Waist circumference (cm) 66.3 (8.2) 65.0 (8.1)* 65.6 (8.1)
Sexual maturation status n,(%)
I 244 (8) 710 (18)* 954 (13)
I 988 (31) 960 (24)* 1948 (27)
i 922 (29) 981 (24)* 1903 (26)
v 833 (26) 1189 (29)* 2022 (28)
\Y 224.(7) 193 (5)* 417 (6)
VO2zpeak (mlokgemin)? 42.4 (5.2)* 38.5(4.8)* 40.2 (5.3)
VOzpeax altitude-adjusted (mlekgtemin™)° 47.1 (5.8)* 42.7 (5.3)* 44.6 (5.9)
Shuttles (total count) 36.6 (20.0)* 22.3(11.3)* 28.7 (17.3)
Running speed at last completed shuttle (kmeh™t) 4.4 (2.2)* 2.8 (1.3)* 3.5(2.0)
FITNESSGRAM (fitness zones) n,(%)°
Needs improvement 538 (16.8)* 1039 (25.8)* 1577 (21.8)
Health risk 904 (28.2)* 1373 (34.1)* 2277 (31.5)
FITNESSGRAM (fitness zones) n,(%)¢
Needs improvement 268 (8.3)* 573 (14.2)* 841 (11.6)
Health risk 308 (9.6)* 530 (13.1)* 838 (11.5)

Note: Frequencies in brackets represent the proportion of the total sample with data for each variable
Significant between-sex differences (ANOVA one way test or Chi-square; *p<0.001; **p<0.01)

8V Ozpeak (ml*kgt*min’?) predicted using the Leger et al equation (1988)

®To classify VOzpeak, We used the 2011 FITNESSGRAM® standards and Healthy Fitness Zones (Welk et

al., 2011)

¢ VOzpeak (mlekgtemin?) predicted using the Leger et al. equation (1988) and adjusted by an altitude
correction factor (1.11)
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Table 2. Descriptive statistics for 20 m-shuttle run performance and FITNESSGRAM Health-related standards among a population-based
sample of Schoolchildren in Bogota, Colombia

FITNESSGRAM

FITNESSGRAM

swtes PSRt vo,, A W e
(total count) (kmeh) (mlekgtemin?)? adj_listeq - zones)®
(mlekg™temin™) Needs Health Needs Health
improvement  risk  improvement  risk
Boys
9t09.9 215  20.0(11.8) 8.6 (2.4) 446 (3.2) 49.5 (3.5) 0.0% 0.0% 0.0% 0.0%
10 to 10.9 399  24.2(13.3) 9.2 (1.2) 436 (3.7) 48.4 (4.1) 22.6% 0.0% 0.0% 0.0%
11t0 11.9 408  26.1(13.5) 9.3 (1.4) 42.4 (4.0) 47.1 (4.4) 23.5% 18.1% 0.0% 0.0%
1210 12.9 381  29.7 (15.2) 9.6 (1.6) 41.8 (4.6) 46.4 (5.1) 21.0% 26.8% 13.1% 0.0%
1310 13.9 391  35.8(16.9) 10.0 (1.9) 42.0 (5.0) 46.6 (5.6) 11.5% 23.0% 13.3% 6.9%
14 to 14.9 434 42.2(18.9) 10.2 (2.0) 42.4 (5.9) 47.0 (6.5) 17.7% 41.0% 10.4%  14.4%
15 to0 15.9 403 47.3(19.1) 10.4 (2.2) 422 (6.2) 46.8 (6.8) 48.1% 15.4% 11.9%  19.6%
16 t0 16.9 340  51.4(19.7) 10.6 (2.4) 41.9 (6.3) 46.5 (6.9) 15.6% 39.4% 11.8%  27.4%
17 t0 17.9 238 54.0(19.9) 10.7 (2.4) 40.9 (6.4) 45.4 (7.1) 14.7% 55.5% 13.9%  20.2%
Total 3211  36.6 (20.1) 9.9 (2.1) 42.4 (5.2) 47.1(5.8) 16,8% 28,2% 8,3% 9,6%
Girls
9t09.9 293  15.8(8.6) 8.5(1.9) 43.3 (2.4) 48.0 (2.6) 0.0% 0.0% 0.0% 0.0%
10t0 10.9 628  18.5(10.0) 8.9 (1.5) 42.0 (2.9) 46.6 (3.2) 36.3% 0.0% 0.0% 0.0%
11t0 11.9 585  19.9 (9.5) 9.1(1.0) 40.5 (2.9) 45.0 (3.2) 39.1% 25.8% 0.0% 0.0%
1210 12.9 464  21.4(9.5) 9.1(1.5) 39.4 (3.1) 437 (3.4) 29.1% 20.7% 20.7% 0.0%
1310 13.9 429  23.7(11.6) 9.2 (1.9) 38.5 (4.0) 42.8 (4.4) 28.4% 43.1% 15.4% 0.0%
14 to 14.9 555  25.2(11.2) 9.3 (1.6) 37.2 (4.0) 41.3 (4.4) 29.0% 36.4% 254%  11.0%
15 t0 15.9 434  25.0(11.9) 9.0 (2.3) 35.2 (4.2) 39.1 (4.7) 16.4% 68.2% 26.7%  41.5%
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16 t0 16.9 383  26.5(12.0) 9.2(2.2) 34.1 (4.5) 37.9 (5.0) 18.5%
17 t0 17.9 260  28.1(13.1) 9.0 (2.6) 32.7 (4.8) 36.3 (5.3) 8.5%
Total 4033  22.4(11.3) 9.0 (1.8) 38.5 (4.8) 42.7 (5.3) 25.8%

61.9%
79.2%
34,1%

27.2%
19.2%
14,2%

34.7%
60.0%
13,1%

Note: Data are mean (SD) for continuous variables or (%)

3V O2peak (mlekgtemint) predicted using the Leger et al. equation (1988)

®To classify VOapeak, We used the 2011 FITNESSGRAM® standards and Healthy Fitness Zones (Welk et al., 2011)

€ VOzpeak (mlekgtemin?) predicted using the Leger et al. equation (1988) and adjusted by an altitude correction factor (1.11)
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Table 3. Smoothed age- and sex-specific percentile values for the 20-m Shuttle run test
(Total Shuttles Completed) among a population-based sample of Schoolchildren in

Bogota, Colombia

n M SD Ps P1o P2s Pso P7s Pgo Po7
Boys
91t09.9 215 20.0 11.8 5.0 8.0 11.0 16.0 27.0 36.0 43.5
10to0 10.9 399 24.2 13.3 7.0 9.0 14.0 22.0 32.0 42.0 54.0
11t011.9 408 26.1 13.5 7.0 10.0 15.0 23.5 34.0 47.0 55.5
12t012.9 381 29.7 15.2 8.0 12.0 18.0 27.0 39.0 50.0 63.5
1310 13.9 391 35.8 16.9 8.9 14.0 24.0 34.0 46.0 59.0 76.0
14t0 14.9 434 42.2 189 10.1 18.5 28.0 40.0 56.0 66.0 79.9
15t0 15.9 403 47.3 19.1 120 22.0 340 480 60.0 71.0 81.9
16 t0 16.9 340 51.4 19.7 16.0 25.1 35.3 52.0 66.0 78.0 87.0
17t017.9 238 54.0 19.9 140 27.0 40.0 54.0 68.0 80.2 91.3
Total 3211 36.6 20.1 8.0 12.0 20.0 34.0 50.0 65.0 78.6
Girls
9t09.9 293 15.8 8.6 6.0 8.0 10.0 14.0 19.0 27.0 37.2
10t0 10.9 628 18.5 10.0 7.0 9.0 12.0 16.0 22.0 32.0 43.0
1110119 585 199 95 80 100 130 180 240 330 440
12t012.9 464 21.4 9.5 7.0 10.5 14.0 20.0 27.0 35.0 42.0
1310 13.9 429 23.7 11.6 7.9 11.0 15.0 21.0 30.0 41.0 51.0
14t0 14.9 555 25.2 11.2 100 12.0 16.0 23.0 32.0 41.0 51.0
15t0 15.9 434 25.0 119 10.0 12.0 16.0 22.0 30.0 40.0 52.0
16 t0 16.9 383 26.5 12.0 10.0 134 17.0 25.0 34.0 43.0 52.0
17t017.9 260 28.1 13.1 120 14.0 18.0 25.0 35.0 47.0 60.0
Total 4033 22.4 11.3 8.0 10.0 14.0 20.0 28.0 37.0 490

M, mean; SD, standard deviation; P, percentile
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Table 4. Smoothed age- and sex-specific percentile values for VOzpeak (mlekgemin™)

among a population-based sample of Schoolchildren in Bogota, Colombia

n M SD P; P10 P2s Pso Pz Pao Po7
Boys
91t09.9 215 44.6 32 411 412 412 435 458 482 516
10to 10.9 399 43.6 37 393 393 415 439 464 488 512
11t011.9 408 424 40 373 373 398 423 447 474 497
12t012.9 381 41.8 46 354 354 379 405 454 481 506
1310 13.9 391 42.0 50 334 359 387 413 439 492 5138
14 t0 14.9 434 424 59 315 342 394 423 475 502 531
1510 15.9 403 422 6.2 296 350 379 433 462 490 517
16t0 16.9 340 41.9 63 305 333 362 419 447 503 531
17t017.9 238 40.9 6.4 25,7 315 374 403 46.0 491 520
Total 3211 42.4 52 323 359 393 423 460 490 520
Girls
9t09.9 293 43.3 2.4 41.1 41.2 41.2 43.4 435 45.8 48.2
10 to 10.9 628 42.0 29 393 393 393 417 439 464 488
11t011.9 585 40.5 29 373 373 373 398 423 447 472
12t012.9 464 39.4 31 354 354 378 403 405 43.0 456
1310 13.9 429 38.5 40 334 334 361 385 412 439 465
1410 14.9 555 37.2 40 315 315 342 369 396 423 450
1510 15.9 434 35.2 4.2 296 296 323 350 37.7 406 46.0
16t0 16.9 383 34.1 4.5 276 303 305 333 362 390 446
17t017.9 260 32.7 4.8 25,7 285 286 315 345 402 432
Total 4033 385 4.8 286 315 352 393 417 441 465

M, mean; SD, standard deviation; P, percentile
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Supplemental File Table S1. Smoothed age- and sex-specific percentile values for
VOzpeak (mlekg™temin™) (altitude-adjusted) among a population-based sample of
Schoolchildren in Bogota, Colombia

n M SD P; P10 P2s Pso Pz Pao Po7
Boys
9t09.9 215 49.5 35 456 457 457 483 508 535 573
10t0 10.9 399 48.4 41 436 436 461 487 515 542 56.8
11t011.9 408 47.1 44 414 414 442 470 496 526 552
12t012.9 381 46.4 51 393 393 421 450 504 534 56.2
1310 13.9 391 46.6 56 371 399 430 458 487 546 575
14 t0 14.9 434 47.0 65 350 380 438 470 527 557 589
1510 15.9 403 46.8 68 329 388 421 480 513 544 574
16 t0 16.9 340 46.5 69 339 370 402 465 496 558 589
17t017.9 238 454 7.1 285 350 415 447 511 545 577
Total 3211 47.1 58 359 399 436 470 511 544 577
Girls
9t09.9 293 48.0 26 456 457 457 482 483 508 535
10 to 10.9 628 46.6 32 436 436 436 463 487 515 542
11to 11.9 585 45.0 3.2 41.4 41.4 41.4 44.2 47.0 49.6 52.4
12t012.9 464 43.7 34 393 393 419 448 450 477 50.6
1310 13.9 429 42.8 4.4 37.1 37.1 40.1 42.8 45.7 48.7 51.6
1410 14.9 555 41.3 44 350 350 380 410 440 47.0 500
1510 15.9 434 39.1 47 329 329 359 388 419 451 511
16 t0 16.9 383 37.9 50 306 337 339 370 402 433 495
17t017.9 260 36.3 5.3 285 316 31.7 350 383 446 48.0
Total 4033 42.7 53 317 350 391 436 463 49.0 516

M, mean; SD, standard deviation; P, percentile
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Supplemental File Table S2. Reference values for VOzpeak (mlekgtemin™) mean (+ SD) from selected studies

FUPRECOL ?cli?jlsjtde%- England Canada Argeptina Spain Portugal Au_stralia
Study  Study (2015) FUPRECOL (Sandercock etal.,  (Tremblay etal., (Secchi et al., (Ortega et al., (Santos etal.,  (Tomkinson et al
02 7944 Study 2012) 2010) 2014) 2005) 2014) 2007)
(2015) n = 7366 n =7000 n = 1867 n = 3528 n = 22048 n = 85347
n=7244

Boys
9109.9 446 (3.2)  49.5(35) - 51.5 (4.3) - - - 43.4 (4.6)
10t010.9 43.6(3.7) 484 (4.1) 47.1 (5.6) 51.6 (4.2) - - 43.9 (2.4) 43.9 (4.8)
11t011.9  42.4(4.0)  47.1(4.4) 45.9 (5.4) 51.1 (4.5) 44.6 (5.2) - 44.6 (4.9) 44.6 (4.9)
12t012.9 41.8(46)  46.4(5.1) 45.3 (5.8) 51.9 (5.1) 45.4 (5.1) - 42.9 (5.1) 42.9 (5.1)
13t013.9 42.0(5.0)  46.6 (5.6) 45.2 (6.2) 50.0 (5.2) 45.4 (5.1) 43.8 (5.4) 43.8 (5.3) 41.1 (5.3)
1410149 42.4(5.9)  47.0(6.5) 46.3 (6.9) 50.1 (5.2) 42.1 (5.4) 44.8 (5.4) 44.8 (5.4) 42.1 (5.4)
1510159 42.2(6.2)  46.8(6.8) 457 (7.1) 50.2 (6.0) 43.3 (5.5) 43.3 (5.5) 43.3 (5.5) 43.3 (5.5)
16t016.9 41.9(6.3)  46.5(6.9) 46.4 (5.7) 49.9 (5.8) 44.6 (5.7) 41.7 (5.4) 44.6 (5.7) 44.6 (6.7)
17t017.9  40.9(6.4)  454(7.1) - 49.6 (5.9) 40.2 (5.9) 43.1 (5.8) 43.1 (5.8) 445 (5.8)
Total 424(5.2) 47.1(5.8) 45.8 (6.2) 43.7 (5.4) 43.3 (5.5) 43.9 (5.0) 43.4 (5.3)

Girls
9t09.9 433(24)  48.0(2.6) - 49.9 (3.2) - - 41.1 (4.6)
10t010.9  42.0(2.9)  46.6 (3.2) 44.7 (4.6) 46.8 (2.7) - 415 (4.8) 415 (4.8)

32



11t011.9 405(2.9)  45.0(3.2) 43.0 (4.3) 475 (4.0) 42.1(5.1) 42.1 (5.0) 39.6 (4.9)
1210129 394 (3.1)  43.7 (3.4) 41.9 (4.4) 46.6 (4.1) 403 (5.1) 40.3 (5.1) 403 (5.1)
1310139 385(4.0)  42.8(4.4) 40.7 (4.7) 44.4(4.7) 38.5(5.2) 38.5 (5.2) 38.5 (6.0) 385 (5.2)
1410149 37.2(40)  41.3(4.4) 39.2 (5.0) 416 (4.7) 36.7 (5.4) 36.7 (5.4) 36.7 (5.4) 37.8(5.2)
1510159 352(42)  39.1(4.7) 37.2 (4.7) 41.1 (5.0) 35.0 (5.5) 35.0 (5.5) 35.0 (5.2) 37.5 (4.8)
1610169 34.1(45)  37.9(5.0) 37.8 (5.8) 39.5 (4.9) 33.2(5.7) 33.2 (6.3) 36.0 (5.7) 38.2(5.1)
1710179  32.7(48)  36.3(5.3) 38.6 (5.1) 32.4(5.8) 32.4 (5.8) 34.3 (5.8) 34.3(5.8)
Total 385(4.8) 427 (5.3) 41.2 (5.0) 36.5 (5.4) 35.2 (5.6) 38.5 (5.4) 38.8 (5.1)
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. Age Health-related CRF Percent unhealthy®
Location Sample year " sample Standard Boys Girls
South America
Fuprecol Study? 2015 7,244 9to 17 FITNESSGRAM 2011 45% 59%
Altitude-adjusted Fuprecol Study® 2015 7,244 9to 17 FITNESSGRAM 2011 17% 27%
Argentina 2014 1,867 6to 19 FITNESSGRAM 2011 11% 49%
Chile (R) 2014 19,904 13to 17 FITNESSGRAM 2011 15% 30%
Colombia (Bogot4) 2008 665 710 18 FITNESSGRAM 2004 37% -
Colombia (Cali) 2011 1,773 10to 16 FITNESSGRAM 2004 52% 60%
USA
California 2013 1,666 11to 18 FITNESSGRAM 2011 28% 44%
Midwest 2011 447,619 8to 17 FITNESSGRAM 2011 26% 23%
USA — NHANES (R) 1999-2002 1,247 12to0 19 FITNESSGRAM 2004 35% 35%
Europe
UK (East) 2013 7,366 10to 16 FITNESSGRAM 2011 12% 25%
Sweden (R) 2008 472 14t0 16 FITNESSGRAM 2004 9% 20%
Spain (R) 2005 1,867 14 to 16 FITNESSGRAM 2004 19% 17%
Pan-European (R) 2008 3,428 12 to 17 FITNESSGRAM 2004 39% 43%
Australia 1985-2009 18,075 9to 17 FITNESSGRAM 2004 29% 23%

8 V/Ozpeak (ml*kg**mint) predicted using the equation of Leger et al. (1988)
®\V/O2peak (mlekgtemint) predicted using the equation of Leger et al. (1988) and adjusted by correction factor (1.11) and 2011 FITNESSGRAM® standards and Healthy

Fitness Zones (Welk et al., 2011)

3 V/O2peak (ml*kgt*mint) predicted using the Leger et al. equation (1988) and adjusted by correction factor (1.11)
®To classify VOgpeak, We used the 2011 FITNESSGRAM® standards and Healthy Fitness Zones (Welk et al., 2011)
°If three categories reported, unhealthy combines the two higher-risk categories. (R) Sample is nationally representative.

Supplemental File Table S3. Prevalence of unhealthy CRF among Colombian schoolchildren and selected comparable population-based
studies in other countries.
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Figure 1. Centile curves for 20-m Shuttle run test (Total Shuttles Completed) and
VO2peak (mlekglemin™) among among a population-based sample of Schoolboys in
Bogota, Colombia
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Figure 2. Centile curves for 20-m Shuttle run test (Total Shuttles Completed) and
VO2peak (mlekglsmin™?) among a population-based sample of Schoolgirls in Bogota,
Colombia
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Figure S1. Centile curves for 20-m VOgzpeax (mlskgtemin™?) altitude-adjusted among

among a population-based sample of Schoolchildren in Bogota, Colombia
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Figure S2. Centile curves for 20-m VOzpeak and altitude- VOzpeak (mlskgtemint) among

a population-based sample of Schoolchildren in Bogota, Colombia
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