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Abstract

The aim of this study was to evaluate the procedures for the creation of cardiorespiratory fit-
ness (CRF) cutoff points for children and adolescents. A search in Medline/Pubmed, Web of
Science, Scopus, Lilacs, Scielo, and Google Scholar electronics database was performed. The
keywords were used in English and Portuguese language. Inclusion criteria were: a) have been
published as a full paper; b) have been published until December 2011; ¢) have as an aim to
propose a cutoff point for cardiorespiratory fitness of children and/or adolescent or to present
the procedure used by institutions to propose these cutoff points proposed; and d) the proposed
cutoff points should be specific for healthy children and/or adolescent. The electronic search
resulted in 10 documents. Two documents presented the procedures of institutions to propose
cutoff points and eight presented originals proposals. Among the originals proposals, seven used
the ROC curve as methodological procedure. For laboratory measures of CRF, methodological-
ly consistent propositions of cutoff points were found. For the field tests, methodologically con-
sistent cutoff points are available for the 9 minutes run/walk (9-min) test and 20 meters shuttle
run test (20-m) for children and adolescents aged 07 to 12 and 10 to 18 years old respectively. In
summary, laboratory measurements as well as some field tests have cutoff points elaborated with
adequate methodological approaches for the assessment of the CRF of children and adolescents.
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Resumo

O objetivo deste estudo de revisdo foi avaliar os procedimentos metodoldgicos para a elaboragdo dos pontos
de corte para a aptidio cardiorrespiratdria (ApC) de criangas e adolescentes. Foi realizada uma busca nas
bases de dados eletronicas Medline/Pubmed, Web of Science, Scopus, Lilacs, Scielo, e Google Académico.
Os termos foram utilizados em portugués e inglés para a busca. Para serem incluidos, os documentos deve-
riam: a) ter sido publicados na integra; b) ter sido publicados até dezembro de 2011 c) ter como objetivo
propor pontos de corte para a aptidao cardiorrespiratoria de criangas e/ou adolescentes ou apresentar os
procedimentos utilizados por instituices para esta proposicdo; e d) os pontos de corte propostos deveriam
ser especificos para criangas e/ou adolescentes sauddveis. Foram encontrados 10 documentos. Dois docu-
mentos apresentaram os procedimentos adotados por instituicbes para a proposicio de pontos de corte e
oito apresentaram propostas originais. Dentre as propostas originais, sete utilizaram a curva ROC como
procedimento metodoldgico. Para medidas laboratoriais da ApC existem pontos de corte propostos de for-
ma metodologicamente consistente. Para os testes de campo, pontos de corte estao disponiveis para os testes
de corrida/caminbada de 9 minutos (9-min) e corrida de vai e vem de 20 metros (20-m) para criangas
e adolescentes de 07 a 12 anos e de 10 a 18 respectivamente. Em conclusdo, tanto medidas laboratoriais
quanto alguns testes de campo apresentam pontos de corte elaborados de forma metodologicamente ade-
quada para a avaliacio de ApC criangas e adolescentes.
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INTRODUCTION

Cardiorespiratory fitness (CRF) is a major variable in physical fitness. (7) There
is a body of evidence showing its remarkable ability to protect against a number
of chronic degenerative conditions especially cardiovascular diseases. (2-4) Low
levels of CRF in adults have been associated with cardiovascular diseases (CVD)
and their risk factors. (2-4) The same seems to be true in children and adoles-
cents. (5-7) In addition to short-term benefits, evidence suggests that physically
active young individuals with high CRF may also enjoy long-term benefits. (&)
Research studies on this subject have gained in importance in the light of evidence
suggesting that atherosclerotic plaque formation in the coronary arteries begins
during childhood calling for prevention at an early stage of life. (9, 10)

Bearing in mind that CVD risk factors begin early in childhood and adoles-
cence (9, 10), that CRF has been inversely associated with these risk factors (5-8)
and that CVD is the leading cause of death in developed countries and most
developing countries, (77, 72) it is crucial to measure, assess and monitor CRF
during childhood and adolescence. Despite a great deal of data supporting CRF
measurement and monitoring in children and adolescents, there is still lack of
consensus among scientific experts on some issues including the best approach for
CREF assessment and classification. (13, 14)

Since CRF is associated to the prevention of CVD and their risk factors, it is
key to measure it so that to identify individuals who are most likely to develop
these diseases. But how to identify these individuals? What would be an optimal
CREF level to reduce CVD risk factors in children?

To address these questions and ensure that CRF is a valid protective measure
against CVD and a useful tool for screening children and adolescents with great-
er likelihood of having CVD risk factors, it is necessary to identify those young
individuals with suboptimal CRF levels. It is thus essential to develop criteria for
CREF classification (cutoffs) based on scores that can indicate a significant increase
in the likelihood of CVD risk factors. (13, 14)

'The aim of this study was to review approaches for determining CRF cutoffs
in children and adolescents.

METHODS

We conducted a search in Medline/Pubmed, Web of Science, Scopus, LILACS,
ScELO, and Google Scholar databases. Two researchers conducted a search with
the following keywords or terms in both English and Portuguese: (“cardiorespi-
ratory fitness” OR “cardiorespiratory endurance” OR “cardiorespiratory ability”
OR “aerobic fitness” OR “aerobic endurance” OR “aerobic ability” OR “maximal
oxygen uptake” OR “VO, max”) AND (“cutoffs” OR “evaluation criteria” OR “clas-
sification” OR “evaluation”) AND (“children” OR “adolescent” OR “school” OR
“youth”). The search was restricted to publications written in either English or
Portuguese. To help ensuring that we have not missed any relevant papers in our
search, we reviewed all references of the papers selected.

We applied the following inclusion criteria: full-text articles; date of publi-
cation until December 2011 (no restrictions for older publications); the paper’s
purpose was to propose CRF cutoffs in children and/or adolescent or to describe
approaches used for determining these cutofts; and the proposed cutofts should be
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specific for healthy children and/or adolescent. We excluded all published papers

that did not meet these criteria.
RESULTS

We selected 10 papers that either proposed CRF cutoffs in children and/or ad-
olescent or described approaches for determining these cutoffs. (75-24) Nine of
them (15, 17-24) were retrieved from the electronic databases. Cureton and War-
ren study (15) was not available as full-text online so we first reviewed its title and
abstract and, given its importance to our study purposes, we reviewed the printed
full-text version available from the Universidade Federal do Rio Grande do Sul
School of Physical Education library collection. One paper included in our review
(16) was not found directly from the online databases but rather from other pa-
pers’ references.

With regard to type of study, eight were original studies, (16-24) one was a
review study, (75) and one a book chapter. (16) Of the original papers, three pro-
posed CRF cutoffs under field test conditions (77-79) and five proposed cutoffs
based on stress tests on a treadmill or cycle ergometer where VO, max was esti-
mated using equations (20-23) or directly measured with gas analysis. (24)

Of the eight original articles, seven used the receiver operating characteris-
tic (ROC) curve analysis with CVD risk (dichotomous) variables for proposing
CREF cutoffs. (17-23) The independent (test) variable varied among studies. Five
of them used estimated oxygen consumption (17, 20-23) and two used data of
field tests (18, 19) (distance in the 9-minute run/walk test or time in the one-mile
run/walk test). Rodrigues et al. study (24) proposed a classification for CRF based
on direct measures of VO, max by gender divided into quintiles.

'The review study (15) detailed the approaches for determining CRF cutoffs
based on the one-mile run/walk test according to the Physical Best (25) and orig-
inal Fitnessgram classifications. (26) The book chapter found (76) described the
approaches to determine the cutoffs for the one-mile run/walk test, the 20-meter
shuttle run test, and the one-mile walk test used by the Firnessgram classification
until 2010. Table 1 shows the general characteristics of the 10 papers selected.

Table 1 - Methodological characteristics and main findings of the eight papers reviewed.
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Study Objective Sample CRF test Procedure

Results

Theoretical approach
based on the one-mile
run/walk test given that:
a) VO, max in adults is
associated with reduced
chances of death and
chronic diseases; b)
movement economy
development; c) VO,
max development during
childhood and adoles-

To describe the approach

to propose CRF cutoffs

for the Physical Best25 - One-mile run/walk test
and Fitnessgram?@ classi-

fications

Cureton and
Warren (15)

cence

Cutoffs (maximum time
in minutes and seconds)

Females
(age)
5=17:00
6=16:00
7=15:00
8=14:00
9=13:00
10=12:00
11=12:00
12=11:30
13=11:30
14=10:30
15=10:30
16=10:30
17=10:30

Males
(age)
5=16:00
6=15:00
7=14:00
8=13:00
9=12:00
10=11:00
11=11:00
12=10:00
13=09:30
14=08:30
15=08:30
16=08:30
17=08:30
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Study Objective Sample CREF test Procedure Results
vO, max (mL/kg/min)
Males of all :
Equations were proposed 42a es oral ages
To describe the approach to estimate VO, max Females of age
Cureton and PP One-mile run/walk test; with data of three tests: &
to propose CRF cutoffs . <9 years — 40
Plowman : - 20-meter shuttle test;  the one-mile run/walk
for the Fitnessgram clas- ; 10 years — 39
(16) s . one-mile walk test test, 20-meter shuttle run
sification used until 2010 ) 11 years — 38
test and one-mile walk
test 12 years — 37
13 years — 36
>14 years — 35
Five equations to predict VO, max (mL/kg/min)
) To propose CRF cutoffsin 450 children g . P ROC curve with data of ~ Males
Moreira et al. . VO, max with data of .
adolescents aged 10-18 in northern metabolic risk z-scores 41.8,42.6 and 47.1
“17)* the 20-meter run/walk A
years Portugal test (=1 SD z-score = risk). Females
39.5 and 46.4
Cutoffs (minimum dis-
tance covered in meters)
Females Males
: 1'413 Sc_h ool- ROC curve with data of (age) (age)
D To propose CRF cutoffs in  children in the e 7=1.090 7=1.157
schoolchildren aged 7-12  city of Caxias ~ 9-minute run/walk test ) ) 8=1.101 8=1.157
al. (18) dichotomized CVD risk
years do Sul, RS, factors 9=1.103 9=1.174
Brazil 10=1.157 10=1.208
11=1.179 11=1.384
12=1.210 12=1.425
Cutoffs (maximum
ROC curve with data time in minutes and
. 281 students
Guedes et To propose CRF cutoffs in I e el a6 of a score based on the  seconds)
adolescents aged 15-18 ) One-mile run/walk test sum of scores of 8 CVD ~ Males
al.(19) Londrina, PR, . . .
years . risk factors divided into  7:50
Brazil. o
quintiles. Females
9:50
1,247 adoles- VO, (mL(kg/min)
. Males age 12 to 15
cents partici-
ating in the 441
To proposed CRF cutoffs P i < Stress test on a treadmill ROC curve with data of ~ Males age 16 to 19
Lobelo etal. . National Health . . . .
20) in adolescents aged and Nutrition combined with estimates CVD risk factor z-score (> 40.3
12-18 years L of VO, max 1 SD z-score = risk). Females age 12 to 15
Examination 2 36
Survey (1999-
Females age 16 to 19
2002
002), US 355
873 children
from two coun-
St test le e- ROC ith data of O L/k i
Ruiz et al. To propose CRF cutoffs in tries participat- ress tes c.)n &l CYC eer- R cu.rve with data o vO, max (mL/kg/min)
. . gometer with estimates a CVD risk factor z-score ~ Males 42
@21 children aged 9-10 years  ing in the Eu-

ropean Youth
Heart Study

of VO, max

(<P75 z-score = risk).

Females 37
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Study Objective Sample CREF test Procedure Results
) .
4,500 students " vOsmax (ml/tk/imin)
Stress test with direct . Males
from four Euro- ROC curve with data of
To propose CRF cutoffs ) measurement of VO, . age9-43,6
Adegboyeet pean countries a CVD risk factor score
in children aged 9 to 15 max and stress test on a age 15 - 46.0
al. (22) (Portugal, Den- X (z-score) (= 1 SD z-score
years.  cycle ergometer with es- . Females (vO, max)
mark, Estonia . = risk). 2
and Norway) timates of VO, max age9-37.4
y age 15 -33.0
vO, max (mL(kg/min)
Females age 10-18**
1,24 les- .
c’ent(s) a:r?tiiis— ROC curve with data (Risk) (CRF
Proposed CRF cutoffs " pin o of metabolic syndrome ~ 35.3 to z-score)
in adolescents aged P } g Stress test on a treadmill with a test variable (vO, 37.3 38.6 to
Welk et al. . National Health . . ) 2
10-18 years suggesting o with estimates of VO,  max) adjusted by the 40.2
(23) ) i and Nutrition 2
risk and healthy fitness - max LMS method and then Mal 10-18**
Examination ) ales age
zones (CRF z-score). standardized (z-score)
Survey (1999- (Risk) (CRF
2002), US 373 to z-score)
41.2 40.2 to
443
vO, max (mL/kg/min)
Females
Very poor <33.0
Poor 33.0-36.4
Fair 36.5-38.7
Stratification VO
Rodrigues et To propose CRF cutoffs 380 students Cardiorespiratory fitness vaﬁel ;a Izr;derszi:czx Good 38.8-42.4
al (251;) in students aged 10-14 in the city of classification in children uintile)s/ (gve 00F DOOT Excellent >42.5
; years Vitéria, Brazil  and adolescents 4 Y POOI POOT 1

fair, good and excellent) Vi [ ST

Poor 38.7-43.3
Fair 43.4-47.9
Good 48.0-52.2
Excellent >52.3

* Of the five equations analyzed by Moreira et al.,”” three for males (Matsuzaka et al >* Barnett et al.,*®> and Ruiz et al.*¢) and two for females
(Matsuzaka et al.,* and Barnett et al.**) were significantly capable of identifying low/high metabolic risk. ** VO, max values in the categories of
risk and CRF z-score vary with age (10-18 years). For an age- and gender-specific value see reference 23. CRF = cardiorespiratory fitness; VO,
max = maximum oxygen consumption; ROC = receiver operating characteristic; SD = standard deviation; CVD = cardiovascular diseases.

DISCUSSION

The aim of this study was to conduct a literature review on the methodological
approaches for proposing criteria for the classification of CRF in children and
adolescents. Children and young individuals with high CRF are less likely to have
CVD risk factors (5-7) and may enjoy other long-term health benefits (8) so it
is key to identify the optimal CRF level that can may have a protective role. We
conducted a search in the literature and selected 10 papers relevant to our research,
eight original articles and two describing approaches to determine CRF cutoffs in
children and/or adolescents. We mentioned before in general the approaches and
results found in the papers reviewed but their strengths and limitations deserve
special consideration.

'The first paper reviewed (15) described the approaches used in the Physical
Best (25) and the original Fitnessgram CRE classification. (26) The field test of
choice to determine the cutoffs was the one-mile run/walk test. The same ap-
proach was used in both classifications, but they set different VO, max values by
gender and age. The Fitnessgram study (26) used VO, max values as proposed
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by Cooper (27), i.e., 42 mL/kg/min for males and 35 mL/kg/min for females,
while the Physical Best study (25) used values 8 mL/kg/min greater taking into ac-
count that VO, max decreases with age and higher values are thus expected during
childhood and adolescence. Therefore, the cutoffs proposed by the Physical Best
study (25) are more stringent than those proposed by the Firnessgram group. (26)

After setting VO, max values taking into account consumption changes, me-
chanical efficiency, and performance in the one-mile run/walk test during the
childhood and adolescence years the researchers performed several theoretical
adjustments and proposed age- and gender-specific cutoffs for the one-mile run/
walk test. Table 2 summarizes the data on which was based the determination of
cutoffs for one-mile run/walk test. Details of this approach can be found in the

Cureton and Warren study. (75)

Table 2 - Use of the Fitnessgram classification26 for establishing the criteria for the one-mile run/walk test.

Males

Age (years) 5 6 7 8 9 10 11 12 13 14 15 16 17
VO, max (mL/kg/min) criterion 42 42 42 42 42 42 42 42 42 42 42 42 42
% VO, max consumed 80 80 85 85 85 920 920 95 98 100 100 100 100
Running VO, max (mL/kg/min) 34 34 36 36 36 38 38 38 40 41 42 42 42
Average running speed (km/h) 6 6 8 8 88 88 88 97 10 10.8 10.8 108 10.8
Time (min) to complete the mile 16.1 161 121 121 121 11 11 10 9.7 8.7 8.7 8.7 8.7
Test criterion (min/sec) 16 15 14 13 12 11 11 10 9:30 830 830 830 8:30

Females

Age (years) 5 6 7 8 © 10 11 12 13 14 15 16 17
VO, max (mL/kg/min) criterion 40 40 40 40 40 39 38 37 36 35 35 35 35
% VO, max consumed 80 80 85 85 85 90 90 95 98 100 100 100 100
Running VO, max (mL/kg/min) 32 32 34 34 34 85) 34 85) 35 B5 B5 B5 85
Average running speed (km/h) 556 55 75 75 75 84 82 84 8.4 9.2 9.2 9.3 9.3
Time (min) to complete the mile 176 176 129 129 129 115 118 118 116 104 104 103 103
Test criterion (min/sec) 17 16 15 14 13 12 12 12 11:30 11:30 10:30 10:30 10:30

Adapted from Cureton and Warren'™. vO, max = maximum oxygen consumption.

'The main strengths of the Physical Best (25) and Fitnessgram (26) classifications
include the use of a widely used field test; the use of test data to determine the cut-
offs (maximum time to cover the test distance) without suing an equation to es-
timate VO, max; and the fact that they proposed age- and gender-specific cutoffs
taking into account that test performance is affected by these two variables. (28,
29) However, most important, they provided (25, 26) alternative criteria for the
classification of CRF (and other health-related components of physical fitness).
'The limitations of the proposed cutoffs lie on the fact that, despite supported by
sound theoretical arguments, they derived from extrapolated VO, max values that
in adults are associated with the prevention of cardiovascular conditions and their
risk factors and have not undergone empirical validation. Therefore, the proposed
Physical Best (25) and Fitnessgram (26) classifications should be used with caution
in children and adolescents.

'The second paper reviewed (76) bears some similarities with the previously
discussed paper. The proposed cutoffs were based on the original Fiznessgram clas-
sification used until 2010 and applied the same procedures for selecting refer-
ence VO, max values and determining cutoffs. However, rather than using VO,
max values as proposed by Cooper, (29) the authors used the values proposed by
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Blair et al. (30) Another important difference is that, in addition to the one-mile
run/walk test, they also suggested that the 2-meter shuttle run test and the one-
mile walk test are alternative tests to measure CRF. For the classification of the
results from these three tests, the Fitnessgram group proposed the use of equations
to estimate VO, max (Cureton et al. equation (31) for the one-mile run/walk
test; Léger et al. (32) for the 20-meter shuttle run test; and Kline et al. (33) for
the one-mile walk test) and subsequent comparison against reference values. They
also claimed that the classification of results of the one-mile run/walk test and
the 20-meter shuttle run test can be made using cutoffs in minutes and seconds
(time to cover one mile in the one-mile run/walk test) and in number of shuttles
(the 20-meter shuttle run test), thus not requiring the use of equations to estimate
VO, max.

In addition to the above discussed strengths of the Physical Best (25) and the
original Fitnessgram (26) classifications, the main strengths of the proposed Fiz-
nessgram classification in Cureton and Plowman paper (76) include the use of
three field tests (two of them—the one-mile run/walk test and the 20-meter
shuttle run test— have been widely used in other studies), and the use of equa-
tions to estimate VO, max with comparisons against reference values. The main
limitation of this approach is similar to that seen in the Physical Best (25) and
Fitnessgram (26) classification, i.e., the fact that the proposed cutoffs derived from
extrapolated VO, max values that in adults are associated to the prevention of
cardiovascular conditions and their risk factors and have not undergone empirical
validation.

Two other limitations should be considered. One is the use of equations to
estimate VO, max values. Although it reflects an improvement to the original
Fitnessgram (26) classification, it should be interpreted and used with caution
because the coefficients of determination (R?) were 0.518, 0.504 and 0.774 for
the equations proposed by Cureton et al. (31), Léger et al. (32) and Kline et
al. (33), respectively. The second limitation is the use of the one-mile walk test
and the equation proposed by Kline et al. (33). Although R? in the equation to
predict VO, max was high (0.774), it should be stressed that the study sample
consisted of adults aged 30 to 60 years rather than children and adolescents. Giv-
en these strengths and limitations, the cutoffs for the one-mile run/walk test and
the 20-meter shuttle run test should be used with caution. In addition, the cutoffs
for the one-mile walk test should not be used because the equation to estimate
VO, max is adequate for adults, but not for children and adolescents.

Considering all the above discussed regarding the use with caution of VO,
max values obtained from equations with data of CRF field tests, we chose to
review Moreira et al. study (77) as the third paper. They conducted a ROC curve
analysis to investigate the fitness of five equations with data from the 20-meter
shuttle run test to estimate VO, max and screen children at metabolic risk. The
area under the ROC curve, sensitivity and specificity (Table 3) showed that three
equations (34-36) were able to predict metabolic risk in males and only two equa-
tions (34, 35) were able to predict it in females.

Two main strengths of the classification proposed by Moreira et al. (77) should
be noted. First, and possibly most important, it evidenced that equations to esti-
mate VO, max with data from the 20-meter shuttle run test (34-36) were able to
screen children at metabolic risk. Second, it showed that the equations that were
able to screen children at metabolic risk had high R? (0.80 in the Matsuzaka et al.
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study (34) and 0.672 in the Barnett et al. study (35)) and small differences between
estimates and measured VO, max values, (36) thus removing—at least for the
20-meter shuttle run test— the limitations of the classification proposed by Cure-
ton and Plowman (76) associated to moderate R’ in equations to estimate VO, max.

Despite its strengths, Moreira et al. (77) classification has some limita-
tions. First, the use of equations to predict VO, max values. Although Matsuzaka
et al. (34), Barnett et al., (35) and Ruiz et al. (36) equations showed high R?and
low prediction errors, estimation errors can occur. A second limitation is that the
sample used comprised students aged 10 to 18 years, and none of the three equa-
tions that were able to screen individuals at metabolic risk covers all ages. More-
over, the analysis should have included the results of the test (number of shuttles)
and proposed age- and gender-specific minimum number of shuttle cutofts for
metabolic risk prevention. Finally, it is important to note that even though the
20-meter shuttle run test is widely applied, subjects should be familiar with the
test procedure for its successful application. Despite these limitations, the cut-
offs proposed by Moreira et al. (77) to estimate VO, max using Matsuzaka et
al., (34) Barnett et al., (35) and Ruiz et al. (36) equations are adequate for assess-
ing CRF in children and adolescents using the 20-meter shuttle run test.

'The strengths of the fourth paper reviewed (18) included the use of a widely
used field test (the 9-minute run/walk test); empirical validation using the ROC
curve analysis through association with CVD risk factors and adequate measures
of the area under the ROC curve with a good balance between sensitivity and
specificity (Table 3); the use of test results to propose cutoffs (distance in meters
covered within nine minutes) without using an equation to estimate VO, max;
and the determination of age- and gender- specific cutoffs taking into account
that test performance is affected by these two variables. (37, 38)

Another important aspect of Bergmann et al. (78) classification is that these
authors pointed out that when the Physica/ Best (25) and the original Fitness-
gram classifications (26) were used for the classification of CRF measured by the
9-minute run/walk test they showed inadequate balance between true positives
and true negatives associated to CVD risk factors and thus are not appropriate
alternatives. It is a major finding since many studies (39-44) have used the 9-min-
ute run/walk test to assess CRF in children and adolescents. Since there were no
cutoffs available for this test, these studies (39-44) were based on the Physical
Best (25) or the Fitnessgram classifications. (26) They adjusted the cutoffs for the
one-mile run/walk test expressed in time (minutes and seconds) to distance (me-
ters) so that they could be used in the 9-minute run/walk test.

'The proposed Bergmann et al. classification (78) seems a suitable tool for CRF
assessment in children and adolescents using the 9-minute run/walk test as it
allows to screening individuals at increased CVD risk. However, it has a major
limitation as it fails to provide cutoffs for adolescents over 13. Because of that
and the fact that the study evidenced that adjustment of the Physical/ Best (25) or
the Fitnessgram (26) cutoffs is not an appropriate strategy, there are no CRF cut-
offs available to study adolescents over 13 using the 9-minute run/walk test.

'The fifth paper (719) proposed CRF cutofts that were similar to those proposed
by Bergmann et al. (78). Many of the strengths are the same as mentioned before
including adequate measures of the area under the ROC curve and good sensitiv-
ity and specificity (Table 3). The main differences between these two studies in-
clude different tests applied (the 9-minute run/walk test in Bergmann et al. study
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(18) and the one-mile run/walk test in Guedes et al. study (79)) and subject age.
The former studied individuals aged 7 to 12 years and proposed age- and gen-
der-specific cutoffs. On the other hand, Guedes et al. (79) investigated individuals
aged 15 to 18 years and proposed only gender-specific cutoffs applying the same
classification criteria for individuals aged 15 to 18 years. This is the main limita-
tion of Guedes et al. approach (79) because age is a factor that affects test perfor-
mance (one-mile run/walk test), and older individuals show better results. (28,
29) 'Therefore, the cutofls proposed by Guedes et al. (79) for the one-mile run/
walk test should be used with caution.

The sixth, (20) seventh, (21) eighth, (79) and ninth (79) papers reviewed
are discussed together because of their similar methods and results. Lobelo et
al.,, (20) Ruiz et al., (21) Adegboye et al., (22) and Welk et al. studies (23) deter-
mined CRF cutofts through the ROC curve analysis of VO, max estimates and
pooled CVD risk factors. All four studies found similar cutoffs ranging be-
tween 37.6 and 46.0 mL/kg/min for males and 33.0 and 40.1 mL/kg/min for
females. They all found adequate measures of the area under the ROC curve,
sensitivity and specificity (Table 3) indicating that CRF assessed by VO, max
(measured in stress tests on a treadmill and cycle ergometer) is able to identify
children and adolescents with increased chance of developing CVD risk factors.
These strengths make these approaches adequate for the classification of CRF.
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Table 3 - Results of the ROC curve analysis in seven studies17-23 that used this approach to propose cardiorespiratory fitness cutoffs.

Study Sample Area under the ROC curve (%) Sensitivity (%)

Specificity (%)

Males Males
Matsuzaka et al.(34) = 64.8
450 Portuguese Barnett et al. (35) = 62.8
students aged 10-18 Ruiz et al. (36) = 63.8
years Females
Matsuzaka et al. (34) = 65.4
Barnett et al. (35) = 62.0

Barnett et al. (35) = 62.1
Ruiz et al. (36) = 79.3
Females

Moreira et
al.(17)

Barnett et al. (35) = 58.3

Matsuzaka et al. (34) =55.2

Matsuzaka et al. (34) = 55.6

Males

Matsuzaka et al. (34) = 75.8
Barnett et al. (35) = 64.0
Ruiz et al. (36) = 47.8
Females

Matsuzaka et al. (34) = 78.2
Barnett et al. (35) = 66.8

Males Females Males Females Males Females
1,413 students aged (age/years)  (age/years) (age/years)  (age/years) (age/years)  (age/years)
7-12 vears randoml 7=614 7 =50.0 7 =50.0 7 =66.7 7=754 7 =594
Bergmann et selec)’:ed in the cit y 8=46.1 8=491 8=533 8=40.0 8=51.7 8=558
al. (18) of Caxias do Sul R); 9=474 © =231 9=429 9=40.0 9=65.1 9=452
Brazil "' 10=46.0 10 =63.4 10=55.6 10 = 60.0 10 =55.1 10 = 69.5
11 =535 11=915 11 =40.0 11 =100 11 =280.2 11 =84.0
12 =48.2 12 =47.2 12 =333 12 =50.0 12 =921 12 =785
281
Guedes et al. / 51.0 58.0 81.0
by a non-random
(19) . . Females Females Females
method in the city of 510 73.0 56.0
Londrina, PR, Brazil ' ’ '
| 12 to 1 | 12 to 1 | 12 to 1
1,247 adolescents Males age 12 to 15 Males age 12 to 15 Males age 12 to 15
aged 12-19 years 769 28.0 87.0
gartici atiny in Males age 16 to 19 Males age 16 to 19 Males age 16 to 19
Lobelo et al. th: Natié’nal ngalth 715 82.0 54.0
(20) " Females age 12 to 15 Females age 12 to 15 Females age 12 to 15
and Nutrition
Examination Surve 238 64.0 260
(1999-2002) USy Females age 16 to 19 Females age 16 to 19 Females age 16 to 19
' 53.8 84.0 34.0
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Study Sample Area under the ROC curve (%) Sensitivity (%) Specificity (%)
73 chil
873 children aged Males Males Males
9-10 years from two
. ) L 67.0 65.0 61.0
Ruiz et al. (27) countries participating
. Females Females Females
in the European Youth 68.0 65.0 670
Heart Study ' ' '
Males age 9 Males age 9 Males age 9
67.0 55.4 79.3
4,500 children aged
9-15 vears from four Males age 15 Males age 15 Males age 15
Adegboye et y U 69,0 55.6 86.4
European countries
al. (22) Females age 9 Females age 9 Females age 9
(Portugal, Denmark,
Estonia and Norway) 68.0 497 89
Y Females age 15 Females age 15 Females age 15
55.0 29.7 79.9
Males within the risk zone Males within the risk zone
59.0 923
1,240 adolescents Males within the healthy fitness  Males within the healthy
participating in Males zone fitness zone
Welk et al. the National Health  83.1 85.0 59.0
(23) and Nutrition Females Females within the risk zone Females within the risk zone

Examination Survey  77.2 50.9
(1999-2002), US
fitness zone

72.2

Females within the healthy

92.8

Females within the healthy
fitness zone

71.7

Besides the above discussed characteristics, it should be stressed that the pro-
posed strategy by Welk et al. (23) included methodological procedures that were
more robust than those described in the other studies reviewed. They performed
the ROC curve analysis and adjusted VO, max values using the LMS method—
where the parameter L is converted to minimize the sum of squared deviations
of the variable; the M parameter is the median within each stratum, and the S
parameter is the coeflicient of variation of each stratum—and by age and gender
(z-scores). This strategy was designed to reduce the impact of physical growth and
maturation on CRF during childhood and adolescence. Welk et al. group (23) also
proposed two age- and gender-specific cutoffs: one is a value below which individ-
uals fall within a risk zone and the second one is a value above which individuals
fall within a healthy fitness zone. They first identified among optimal balance be-
tween sensitivity and specificity scenarios cutofts with the highest sensitivity and
specificity. Then they fixed the cutoft with the lowest VO, max as the risk zone
cutoft and the one with the highest VO, max as the healthy fitness zone cut-
off. The classification proposed by Welk et al.(23) has been adopted as the current
Fitnessgram CRF cutofts.

Although appropriate methodology was used, the cutoffs proposed by Lobelo
et al. (20), Ruiz et al. (21), Adegboye et al. (22) and Welk et al. (23) have at least
two limitations. One limitation is the use of VO, max estimated using equations
with data from stress tests on a treadmill and cycle ergometer rather than data
from stress tests combined with ergospirometry. The second limitation closely
associated with that and is lack of convenience of using stress tests on a treadmill
and cycle ergometer in population-based studies because testing procedure is rela-
tively time-consuming and requires a laboratory setting with qualified staff.

'The last paper reviewed (24) was the single study to propose a classification
for CRF in children and adolescents using a direct measure of VO, max, which
was its main strength. Another strength of this study is that it provided a national
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reference for VO, max in individuals aged 10 to 14 years. However, because this
approach was not based on an analysis of the risk, we believe that Rodrigues et
al. (24) classification is the weakest one among the proposed classifications here
reviewed. They proposed an arbitrary classification for CRF by gender divided
into quintiles (very poor; poor; fair; good; and excellent).

Measurement, assessment and monitoring of CRF in children and adolescents
should be encouraged as there is consistent evidence suggesting its association
with cardiovascular risk at early stages of life. CRF classification should be based
on the most adequate criterion of the approach to measurement. When CRF
is measured using laboratory stress testing, there are available methodologically
adequate cutofts. When it is measured using field testing, the use of specific cut-
offs proposed based on the analysis of risk is recommended. Moreover, caution is
advised when using equations to predict VO, max from field test data.
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