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Abstract. The main purpose of the present study was to compare the accuracy of total daily steps thresholds associated to the recommended 60 min
per day moderate-to-vigorous physical activity in adolescents. A total of 156 adolescents, 87 males and 69 femaes, participated in the present study.
Objectively-measured moderate-to-vigorous physical activity and steps were assessed by GT3X accelerometers for eight consecutive days. The
accuracy of the following total daily steps thresholds was caculated (maesfemaes): 9,930, 11,714, 12,000, 11,000/10,500, 14,000/11,500, 13,000/
12,000, 8,500/7,500, 11,500/9,000, 10,500/9,500, 12,118, 12,118/12,605, and 10,000. The results of accuracy both uncensored and censored total
dally steps cut-off points ranged from low to high. For the uncensored total daily steps, the cut-off 11,000 for males and 10,500 for females showed
the best results: Sengtivity = .85; Specificity = .94; Youden's index = .78; Proportion of agreement = .93, and Kappa coefficient = .67, p < .001. For
the censored total daily steps, the 10,000 cut-off score showed the best results: Sensitivity = .77; Specificity = .95; Youden's index = .72; Proportion
of agreement = .93, and Kappa coefficient = .65, p < .001. Among adolescents for accelerometry-measured total daily steps the 11,000 for males and
10,500 for females cut-off points should be used. For population guideines regarding health-enhancing steps in adolescents, the cut-off point of 10,000
daily steps seems to be the most appropriate.

Keywords: Stepg/day, steps per day, moderate-to-vigorous physica activity, physical activity recommendations, accuracy, cut-off points, youth,
young people.

Resumen. El propdsito principal del presente estudio fue comparar la precision de los umbrales de pasos diarios totales asociados a la recomendacion
de 60 minutos por dia de actividad fisica moderada-vigorosa en adolescentes. Un tota de 156 adolescentes, 87 varones 'y 69 mujeres, participaron en
d presente estudio. La actividad fisca moderada-vigorosa y pasos se evaluaron objetivamente con acelerdmetros GT3X durante ocho dias consecutivos.
Se calculd la precision de los siguientes umbrales de pasos diarios totales (varonesmujeres): 9.930, 11.714, 12.000, 11.000/20.500, 14.000/11.500,
13.000/12.000, 8.500/7.500, 11.500/9.000, 10.500/9.500, 12.118, 12.118/12.605 y 10.000. Los resultados de precision para los puntos de corte de
los pasos diarios gjustados y no gjustados variaron de bgjo a dto. Para los pasos diarios no gustados, los puntos de corte 11.000 para los varones y 10.500
para las mujeres mostraron los mejores resultados: Sensibilidad= 0,85; Especificidad= 0,94; indice de Youden= 0,78; Proporcidn de acuerdo= 0,93, y
coeficiente de Kappa= 0,67, p < 0,001. Para los pasos diarios gustados, € puntgje de corte de 10.000 mostré los mejores resultados: Sensihilidad= 0,77,
Especificidad= 0,95; indice de Youden= 0,72; Proporcion de acuerdo= 0,93, y coeficiente de Kappa= 0,65, p < 0,001. Entre los adolescentes para los
pasos diarios totades medidos con acelerometria se deberian utilizar los puntos de corte 11.000 para los varones y 10.500 para las mujeres. Para las
recomendaciones a nivel poblacional sobre los pasos relacionados con la salud en los adolescentes, € punto de corte de 10.000 pasos diarios parece ser
el més gpropiado.

Palabras clave: Pasog/dia, pasos por dia, actividad fisica moderada-vigorosa, recomendaciones de actividad fisica, precison, puntos de corte, juventud,

jévenes.
Introduction

Engaginginregular physica activity (PA) iswidely acknowledged
asakey issueof hedthand qudity of lifeinyouth (Janssen & Leblanc,
2010; Poitras et al., 2016). Unfortunately, young people are
insufficiently physically active (World Hedlth Organization, 2014),
especidly during adolescence when their PA levels drop dregticdly
(Silva, et d., 2011). Worldwide about 81% of adolescents, 78% maes
and 84% females, do not achieve the dally recommendation of PA
(World Hedlth Organization, 2014). Therefore, encouraging adolescents
to meet the PA guiddinesis considered apublic hedth priority (World
Hedlth Organization, 2014).

The World Health Organization (2010) recommends that
adolescents should achieve daily a least 60 minutes of moderate-to-
vigorous PA (MVPA). However, PA guiddines expressad in terms of
frequency, duration, and intensity may not be easily understood for
both adolescents and their parents (Tudor-Lockeet d., 2011). Despite
the fact that consumer-wearable step-based monitors such as waist
pedometers, activity bands or Smartphone-based pedometer
goplicationsonly provideameesure of tota PA, they areinexpensive,
easy to use and its output is reliable and simple to understand
(Baumgartner, Jackson, Mahar, & Rowe, 2015). Additiondly, thesmple
step output is lastly gaining increased credibility as a reasonable
goproximation of daily PA (Craig, Cameron, Griffiths, & Tudor-Locke,
2010). These consumer-wearable activity monitors may represent,
therefore, a feasible insrument to objectively assess and promote
adolescents daily PA (Da Silva, Fontana, Callahan, Mazzardo, & De
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Campos, 2015; Pulido Gonzdlez, Sanchez-Oliva, Sanchez-Migud,
Gonzdez-Ponce, & Garcia-Cavo, 2016; Tudor-Lockeet d., 2011).

Nowadaysproviding daily PA recommendationsfor young people
through steps is required. Currently, there are not strong evidence-
based recommendations about how many daily steps are enough in
adolescents. Up to date, the empirica studies examining the steps/day
trandationof thedaily recommendation of 60 minMV PA in adolescents
are scarce and changeeble, ranging from 7,500 to 14,000 steps/day
(Adams, Caparosa, Thompson, & Norman, 2009; Adams, Johnson, &
Tudor-Locke, 2013; Calley, Janssen, & Tremblay, 2012; Fontana, da
Silva, Margon, Finn, & Galagher, 2015). Zhu, Mahar, Welk, Going,
and Cureton (2011) establish that, after the development of criterion-
referenced standards, the cross-validation of these cut-off scoresusing
additional samplesmust beexamined. To our knowledge, however, no
Sudy to date has extensvely examined the accuracy of dl previous
daily stepscut-off scoresin adolescents. Consequently, themain purpose
of the present study was to compare the accuracy of free-living total
daily steps threshol ds associated to the recommended 60 min per day
MVPA in adolescents. A secondary purpose of this study was to
comparethe cardiorespiratory fitnesslevels between adolescentswho
met and did not meet the daily steps recommendations.

Method

Participants

The protocol of the present study was first approved by the
Ethical Committee of the University of [omitted for blind review].
Then, dl the20municipaized schoolsof bes ceducationlevel belonging
to the digtrict called Nufioa were contacted; Nufioa is an urban area
Situated at theNortheastern sector of thecity of Santiago (Chile), which
is mainly composed of families with a middle-high and high
socioeconomicgaus Theprincipa sandthephysica educationteachers
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were informed about the project and

Tablel

Seps/day trandlation of the recommendation of 60 min moderate-to-vigorous physical activity for adolescents

Optimal cut-off

MVPA point (steps/day)

Instruments Steps Outcomes

the permission to conduct the study Ace
wasrequested. After goprovasof four  Refeenee  Gender g eqg
schools were obtained, dighth-grade e =" sorema
studentsandtheir legal guardianswere (Cz%'l%a a. Gs7mdes 619
fullyinformedabout al thefeaturesof ~ ademseta. 646 mdes 1217
thepresent study. Adolesoents written 2919 656 females
informed assent and thelr parents/legd

guardians written informed consent
wereobtained totakepartinthestudy.

Fontanaetd. 93maesand 11-12

Actigraph 7164  Uncensored  Freedson 3METs

9,930 AUC=.89, TPF=.84, TNF=.81

Freedson 4 METs 11,714 AUC=.94, TPF=.75, TNF=.81
Actica Uncensored  Actical 12,000 R2=.68
Actigraph 7164  Uncensored Freedson 3METs 11,000/10,500 AUC=.84/.85, P=.74/.76
Freedson 4 METs 14,000/11,500  AUC=.91/.84, P=.84/.77
Evenson 13,000/12,000  AUC=.89/.90, P=.80/.83
Censored Freedson 3METs  8,500/7,500 AUC=.99/.88, P=.79/.79
Freedson 4 METs  11,500/9,000 AUC=.93/.87, P=.88/.82
Evenson 10,500/9,500 AUC=.93/.93, P=.83/.88
YAMAX SW- Pedometer  Freedson 4 METs 12,118 AUC=.85, TPF=.78, TNF=.85
200 (teps),
Actigraph GT3X 12,118 AUC=.83
(MVPA) 12,605 AUC=.80

Atotd of 156 a00lescants 87mdes. 0 camaes
and 69females, agreedto participatein 108 females
the present study and met theindlusion

criteria Theindusoncriteriawere: (a)

being enrolledinthee ghth grade of any selected schoadl; (b) being freeof
any hedth disorder which would makethem unableto undergo PA; ()
presenting the corresponding signed written informed assent by the
own adolescents, and (d) presenting the corresponding Signed written
informed consent by their parents or legd guardians. The exclusion
criteriawere: (8) not having at least two weekdayswith the valid wear
time, and (c) not having a |east one weekend day with the valid weer
time.

Measures

Physical activity. Objectively-measured MVPA and steps were
assessad by GT3X accederometers (ActiGraph, LLC, Pensacola, FL,
USA). The GT3X accderometer is acompact (3.8 x 3.7 x 1.8 cm),
lightweight (27 g), andtriaxia monitor designedtorecordtimevarying
accel erationsranging in magnitudefrom gpproximately .05t02.50 Gs.
The accelerometer output is digitized by a 12-bit analog-to-digital
converter at rates of 30-100 Hz. Then, the signd passes through a
digitd filter that band limitstheacce erometer tothefrequency rangeof
.25-2.5 Hz. Thefiltered signdl is then rectified and integrated over a
user-gpecified interva timeknown asepoch. At theend of each epoch,
thesummed vaueknown asactivity count or smply countsisstoredin
memory and theintegrator isreset. The countsobtained in aparticular
epoch are proportiond to the intengty of the PA during the measured
period (Trodt, Loprinzi, Moore, & Pfeiffer, 2011).

Adolescents were ingtructed to wear the accelerometer for eight
consecutive days and then datawere downloaded and andyzed using
the ActiLife Lifestyle Monitoring System Software verson 6.11.3. To
avoid biases because of participants reactivity, the first day with the
data obtained was consdered as a familiarization day and it was not
usad for etistical andyses. A minimum of two weekdays and one
weekend day with & least 600 min of vaid wear time per day was set
(Mattocks et d., 2008). Non-wear periods were set with a minimum
length of 60 min of consecutive zero-count epochs with up to two
minutesspiketolerance (Oliver, Badland, Schofidd, & Shepherd, 2011).
To determine the time engaged in MVPA, Evenson's cut-off points
(i-e,, & 2,296 countsmin) wereusad (Evenson, Catdllier, Gill, Ondrak,
& McMurray, 2008; Trogt et d., 2011). Stepswere assessed by within-
ingtrument processing of the number of cycles in the accelerometer
signal or cycle counts (Tudor-Locke, Ainsworth, Thompson, &
Matthews, 2002).

Since the main purpose of the present study was to provide a
reedily trandatabledaily stepsconversion of therecommended 60 min
daily MVPA, and consumer-wesarable activity monitors are the most
commonly used instrumentsin public hedth and clinica applications
(Adams et d., 2013), accel erometer-measured steps (i.e,, uncensored
steps) wereadjusted to makeit morecomparableto consumer-wearable
activity monitors output. According to previous studies conducted
with adolescents (Adams et d., 2013; Tudor-Locke, Johnson, &
Katzmarzyk, 2010), uncensored steps were adjusted by censoring
those steps which were taken below 500 countsmin (i.e,, censored
seps). Findly, habitua MVPA and uncensored/censored steps were
cdculaedas ((5x averageoutcomesof vaidweekdays) + (2 x average
outcomesof vaid weekend days))/7. Adolescents’ habitud MVPAwas
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Note. MVPA = Moderate-to-vigorous physical activity; AUC = Area under the curve; TPF = True Positive Fraction (sensitivity); TNF = True
Negative Fraction (specificity); R? = Regression coefficient; P = Proportion of agreement.

categorized as achieving or not the recommendation of 60 min daily
MVPA (World Hedlth Organizetion, 2010) and habitua uncensored/
censored steps were categorized as achieving or not the daily steps
thresholds established in previous empiricd studies (Table 1) and two
reviews (Da Silvaet d., 2015; Tudor-Locke et ., 2011) conducted
with adolescents. Acti Graph acce erometer-measured MV PA and steps
has shown high validity among adolescents (Arvidsson, Fitch, Hudes,
Tudor-Locke, & FHeming, 2011; Santos-Lozano et d., 2013; Trost et
a., 2011).

Body composition. Body compositionwasassessed using thetests
proposed in the High Priority ALPHA Hedlth-Related Fitness Test
Battery (Ruiz et d., 2011): Body massand height (body massindex),
andwaist circumference. Body composition messureswereperformed
with the participantsin shortsand T-shirtsand barefoot. Two measures
of eechtest were performed and then themean of each onewasretained.
For the body mass measure, the participants stood in the centre of the
scde (Tanita HD 313, Arlington, USA; accuracy = .1 kg) without
support and with their weight distributed evenly on both feet. For the
body height assessment, the students stood with the feet together, their
hedls, buttocks and upper part of the back touching the scale (SECA
206®, Hamburg, Germany; accuracy =.1cm), and their head placedin
the Frankfort plane. Body mass index was caculated later as body
meassin kilogramsdivided by the square of body height in meters (kg/
). Then, participants body weight status was categorized as non-
overweight and overweight/obesity according to the body massindex
international cut-off scores(Cole, Bellizzi, Hegd, & Dietz, 2000).

For thewal st circumference messure, the participants stood erect
with the abdomen relaxed, the aams at the Sdes and the feet together.
Participants waist was around with a non-elastic tape (Lufkin
W606PM, Texas, USA; accuracy =.1.cm), inahorizonta plane, at the
leve of thenarrowest part of thetorso, betweenthespineiliacasuperior
andthecodta edgeinthemidaxillary line. Measurementsweretaken at
the end of anorma expiration without the tape compressing the skin.
Then, participants were categorized as having or not excess central
body fat according to thewaist circumference cut-off values (Gomez-
Camposet d., 2015). Body massindex and waist circumference have
demongtrated high vaidity among adolescents (Castro-Pifiero et d.,
2010).

Cardiorespiratory fitness. Cardiorespiratory fitness was assessed
usingthe20-meter shuttleruntest (L éger, Mercier, Gadoury, & Lambert,
1988), which isthe cardiorespiratory fitnesstest proposad in the High
Priority ALPHA Hedth-Related Fitness Test Battery (Ruiz et d.,
2011). Theparticipantsran betweentwo pardld linesplaced 20 meters
goat (Iaps), in the rhythm marked by a recorded beep. The starting
speed was 85 knvh and it increased .5 knvh gpproximately every
minute (stage). The test ended when the participants stopped running
becauseof fetigueor failedtoreach thelinebeforethenext Sgnd for two
consecutive times. Participants were dlowed to perform the test once
andthetota number of completed Sageswasretained. Themaximum
oxygenuptake(ml/kg/min) weslaer estimated usngtheLeger’ sequiation
(Léger et d., 1988). Then, participants were categorized as having a
hedlthy or unhedthy cardiorespiratory fitness profile according to the
maximum oxygen uptakecut-off points(Welk, Laurson, Eisenmann, &
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Cureton, 2011). The20-meter shuttleruntest hasdemondtrated adequate
validity among adolescents (Mayorga:Vega, Aguilar-Soto, & Viciana,
2015; Mayorge-Vega, Bocanegra:Parrilla, Orndlas, & Viciana, 2016).

Procedures

Data collection was carried out during physical education classes
during themonths of July to October of 2015. All messurementswere
performed by the same evaluator, using the same instruments and
under thesame conditions. During an eva uation session, acce erometers
werefitted on the participants' right hip by using an elastic waistband.
Participants were ingtructed to wear the accelerometer for eight
consecutivedays, fromweaking to bedtimeand toteketheaccd erometer
off only when engaged in aguatic activities or taking a shower.
Adolescentswere urged to maintain their normal PA habits during the
monitoring period.

During another eval uation sess on, anthropometric measurements
(i-e,, body mass, body height and waist circumference) were collected
without any previous warm-up. Afterwards, in another evaluation
sesson, paticipants cardiorespiratory fitnesswas assessed by the 20-
meter shuttle run test. Prior to the cardiorespiratory fitness test, the
participants completed a standardized warm-up congisting of five
minutes of running from low to moderate intengity. The 20-meter
shuttle run test was performed in an indoor sports fecility with anon-

dippery floor.

Satidtical analyss

Descriptive Satistics (median —interquartile range- or percentage)
for dl thevariables of theincluded participantswere cdculated. Since
some continuousvariablesdid not follow anorma distribution, anon-
parametric gpproachwasused. TheMann-Whitney U test (continuous
data) and chi-squared test (categorica data) were first conducted to
comparethegenerd characteridicsbetween maeandfemdeparticipants
Afterward, theaccuracy of thetotd daily stepsthresholdswerecd culated
as follow: @) True Positive Fraction (Sensitivity); b) True Negative
Fraction (Specificity); ¢) Youden'sindex; d) Proportion of agreement,
and e) Kgppacoefficient. Then, the Mann-Whitney U test wasused to
comparethemaximum oxygen uptakelevel shetween adolescentswho
did and did not meet the total daily steps recommendations. The r
effect sizes were caculated to examine the magnitude of these
comparisons (Field, 2013). Findly, therdativerisk or risk ratio (RR),
with the 95% confident interval (95% Cl), was used to examine the
probahility of having ahedthy cardiorespiratory fitnessprofilebetween
adolescents who did and did not achieve the total daily steps
recommendations. Due to the limited
number of participants, al Satitical

Table3

Table2
General characteristics (median —interquartile range- or percentage) of the included
participantsand differences between males and females

Total Males Females
(n=126) (n=70) (n=56)
Age (years) 130 (1.0) 130 (1.0) 13.0 (1.0)
Body mass (kg) 56.8 (14.9) 56.8 (16.1) 56.7 (13.3)
Body height (cm) 163.0 (10.0) 1655(11.3)  159.0 (6.8)**
Body mass index (kg/m?) 21.36(5.1) 20.7 (4.1) 22.0(5.0)
Overweight/obesity (no/yes) 66.7/33.3 70.0/30.0 62.5/37.5
Waist circumference (cm) 740 (12.5) 74.3(13.3) 73.5(12.8)
Excess central body fat (no/yes) 82.5/17.5 78.6/21.4 87.5/12.5
Habitual daily MVPA (min) 29.9 (26.9) 33.1(31.1) 20.7 (22.8)**
60 min daily MVPA (yes'no) 10.3/89.7 15.7/84.3 3.6/96.4*

Habitual daily uncensored steps
Habitual daily censored steps
Maximum oxygen uptake (ml/kg/min)

81220 (3773.8) 9183.7(3933.6) 7805.4 (3039.1)*
6609.3 (3442.6) 7397.5(3580.1) 6260.9 (3243.3)

41.1(7.9) 421(7.9) 36.7 (5.2)**
Healthy cardiorespiratory fitness 43.7/56.3 48.6/51.4 375/625
(yes/no)

Note. MV PA = Moderate-to-vigorous physical activity.
* p<.05and ** p =.001 for the Mann-Whitney U test (continuous data)/chi-squared test
(categorical data).

grester proportion of ma e adol escentsmeeting therecommendation of
60 min dailly MVPA than femde adolescents (p < .05). However,
datigticdly significant differencesin terms of body mass, body mass
index, overwe ght/obesity, waist circumference, excesscentra body fa,
and hedlthy cardiorespiratory fitnessbetween maesand femaleswere
not found (p > .05).

Table 3 shows the comparison of the accuracy of the tota daily
stepsrecommendations associated to 60 min of MV PA in adolescents.
The10.3% of theadolescentsmet therecommendation of 60 mindaily
MVPA, while between 7.1-54.0% (median = 11.1%) and 1.6-29.4%
(median = 7.9%) achieved the cut-off scores of the uncensored and
censored daily total steps, respectively. The results of the accuracy of
the total daily steps cut-off points with the uncensored tota steps
ranged fromlow to high[median (minimum-maximum)]: Sengitivity =
.62 (.38-1.00); Specificity = .95 (.51-.96); Youden'sindex = .57 (.35
.78); Proportion of agreement =.91 (.56-.93), and Kappacoefficient =
54(.18-.67), dl p <.001. Regarding theresultswith the censored total
steps, the accuracy of the cut-off pointsof total daily stepsaso ranged
from low to high [median (minimum-maximum)]: Senstivity = .54
(.15-.92); Specificity = .97 (.78-1.00); Youden'sindex = .51 (.15-.72);
Proportion of agreement = .92 (.79-.93), and Kappa coefficient = .54
(.25-.65), dl p < .001. According to the results of the present cross-
validation study, among adol escentsfor accel erometry-measured total
daily stepsthe 11,000 for malesand 10,500 for females cut-off points
should be used. For popul aion guideinesregarding hedth-enhancing
steps among adolescents (i.e., where consumer-wearable activity
monitorsare morewidely used), the cut-off point of 10,000 daily steps
seems to be the most gppropriate.

Accuracy of the total daily steps recommendati ons associated to 60 min of moderate-to-vigorous physical activity

énd pef mﬁj i Cut-off points Uncensored daily steps Censored daily steps

yzeswere or Wlth males References (Mdesifemales)  %TP TPF TNF Jmax P k %TP __TPF_TNF Jmax P k
and femaestogether. Inthisline, four Adams et al. (2009) 9930 2540 92 8 75 83 45 1349 77 94 71 @2 62
. Adams et d. (2009) 11,714 111 62 9 56 91 5S¢ 794 54 97 51 93 5
comparisons could not be performed Coley et d. (2012) 12,000 1032 62 9 57 92 57 635 46 98 .44 93 54
because of the low number of some Adamset d. (2013) 1100010500 1429 85 .94 78 93 67* 952 62 9% 58 .93 .60%
. o Adams et al. (2013) 1400011500 714 38 9% 35 90 .40* 159 15 100 .15 91 .25
subcategories (n < 8). All gatistica Adamset al. (2013) 1300012000 952 62 9% 58 .93 60* 397 23 8% 21 90 29
; Adamset d. (2013) 850077500 5397 100 51 51 56 .18 2937 92 78 .70 .79 .39
andlyses were performed usng the Adamset d. (2013) 115009000 2143 .69 84 53 .83 36* 1111 62 .95 56 91 .54*
v n 21. r Window Adamset d. (2013 10500/9500 1984 .85 8 72 .87 51* 1111 62 9 56 91 54*

ersio 0 ows Lo

- Fontana et al. (2015 12,118 1032 62 9% 57 92 57 556 38 98 .37 92 .46*
(IBM® SPSS® Statistics). The Fontanaet d. (2015) 1211812605 1032 .62 9% 57 92 57 556 .38 98 .37 .92 .46*
idical Sonificancel W Tudor-Locke et al. (2011) 10,000 2540 92 82 75 83 45 1270 77 95 72 93 65
stetistica sig evel wesset DaSilvaet d. (2015) 12,000 1032 62 9 57 92 57 635 46 .98 .44 93 54

p d» .05.

Note. %TP= Percentage of total positive cases according to the specific step cut point; TPF = True Positive Fraction (sensitivity); TNF = True

Negative Fraction (specificity); J max = Youden's index; P = Proportion of agreement; k = Kappa coefficient.

*p<.001
Resaults

Fromtheinitid ssmpleof 156 adolescents(87 maesand 69 femdes)
who agreed to participateand met theinclusion criteria, 126 adolescents
(70maesand 56 femal es) passed theexdusoncriteria(i.e, anatrition
rateof 19.2%). Table2 showsthegenerd characterigticsof theincluded
participants. The results of the Mann-Whitney U test showed thet
ma eadolescentshad satidticadly significant higher valuesof body height,
habitua daily MVPA, habitua daily uncensored/censored steps and
maximumoxygen uptakethan fema eadolescents(p<.05). Additiondly,
the chi-square analysis showed that therewas astetistically significant
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Table 4 shows the comparison of cardiorespiratory fitness levels
between adolescents who did and did not meet the totd dally steps
recommendations. The results of the Mann-Whitney U test showed
that adolescents who achieved the daily steps recommendations hed
datigticaly significantly higher maximum oxygen uptake levels than
thosethat did not achieve the recommendations (p d» .05, r = .17-.26),
except for thecut-off points 14,000/11,500 for uncensored steps, 8,500/
7,500 for both uncensored and censored steps, and 11,500/9,000 for
uncensored steps. Additiondly, the relative risk results showed thet
adolescentswho met thefollowing daily stepsrecommendationshada
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statistically significant higher probability of having a healthy
cardiorespiratory fitnessprofilethan thosewho did not meet them[RR
(95% Cl)]: 3.02 (1.06-8.67) times for the 11,000/10,500 uncensored
steps, 3.35 (1.37-8.23) and 3.72 (1.10-12.60) for the 11,500/9,000
uncensored and censored steps, respectively, and 2.83 (1.14-7.02) for
the10,500/9,500 uncensored steps. However, for theother comparisons
datigticaly sgnificant differenceswerenct found (p>.05). Findly, itis
worth noting that due to thelow number of four categories (n < 8) the
corresponding comparisonswerenot cal cul ated.

Table4

Comparison of cardiorespiratory fitness levels (median -interquartile range-) between adolescents who met (above column) and did not meet

(below column) the total daily steps recommendations?

rangeof different daily stepstargetshave been proposed, ranging from
7,500 to 14,000 steps/day (Adams et d., 2009, 2013; Colley et d.,
2012; Fontanaet d., 2015). Besides the differencesin the PA patterns
of thesamples, variation betweeningrumentsand methodol ogical issues
of the studies could contribute to this variability in the daily steps
standards. Accd erometer-measured PA hasshown highvalidity anong
adolescents(Santos-Lozanoet d., 2013; Trogt et d., 2011), but theraw
data are not interpretable. Multiples pre- and post-data collection
decisonsmust be used to trandate thisinformation to produce dataon
time, duration andintengity of PA (Cain, Sdllis, Conway, Van Dyck, &
Cdhoon, 2013; Cdahorroetd., 2015).
Any collectiondecisonsuchasdevice

Cut-off points Uncensored daily steps

Consored daily Seps placement, samplerate, number of axis,

References (Mdes/females) Below Above r RR (95% Cl)

Below

Above 1 RR(95%CI)

epoch length, days of wearing the

Adams et al. (2009) 9,930 394(7.9) 416(75* 22 167(753.74) A43(7.9) 438(73) 19 2.71(.937.86) . 2 .
Adams et al. (2009) 11,714 407(7.9) 425(65* .17 258(81-821) 411(7.9) 443(90y .22 3.31(81-1343) device, definition of non-weer periods,
Coley et dl. (2012) 12,000 411(79) 438(81)* .18 225(697.30) 411(7.9 443 (74 21 4.22(82-21.82) - : i

Adams et al. (2013) 11,000/10500 39.9(7.9) 438(7.2* .21 3.02(L06-867) 411(7.9 438(9.6)* .18 2.85(81-10.02) minmum WG? timesper day, mi n' mum
Adamset . (2013) 14000/11,500 411(7.9) 411(65) .10 2.78(.66-1164) - - - - number of valid days, or cut pointsfor
Adams et al. (2013) 13,000/12000 411(7.9) 438(9.6)* .18 2.85(81-10.02) - - - - . -

Adams et al. (2013) 8500/7,500 407 (7.9) 4L1(7.6) .03 154(763.15) 30.4(7.9) 411(89) .14 182(.84-3.94) MVPA may influence dragtically the
Adams et al. (2013) 11,500/9,000 394 (7.9) 411(6.3) .15 3.35(L37-8.23) 407 (7.9 438 (65 .19 3.72(110-12.60) PA outcomes (eg., Bandaet d., 2016;
Adams et al. (2013) 1050009500 39.4(7.9) 43.8(58) .26 2.83(114-702) 407 (7.9) 425(65* .17 258(.81-8.21) .

Fontanaet al. (2015) 12118 411(79) 438(81)* .18 225(.69-7.30) . : - - Ojiambo et d., 2011). Unfortunately,
Fontanaet al. (2015) 12,118/12,605 411(7.9) 438(81)* .18 225(69-7.30) - - - - ; ;

Tudor-Lockeetd. (2011) 10,000 394(7.9) 416(75)* .22 167(753.74) 407(7.9) 438(85* .19 241(.82-7.10) to dete there '_S not aW!d_e consensus
DaSilvaet a. (2015) 12,000 411(7.9) 438(81)* .18 225(69-7.30) 411(7.9) 443(7.4¢ 21 4.22(82-2182) regadmg the ided decison rules for
Note. r =r effect sizes; RR (95% Cl) = Relative risk (95% confident interval); 2 Comparisons with one group with less than eight cases were not

calculated. * p =.05 for the Mann-Whitney U test.
Discussion

Themain purposeof thepresent study wasto comparetheaccuracy
of free-livingtotal daily stepsthreshol dsassociated to therecommended
60 min per day MV PA in adolescents. The results of the accuracy of
thetotd daily stepsstandardswith both uncensored and censored totdl
sepsranged from low to high. According to the results of the present
cross-vaidation study, among adol escentsfor accel erometry-measured
totd daily steps cut-off points of 11,000 for maes and 10,500 for
females should be used. For population guiddlines regarding health-
enhancing sepsamong adolescents(i.e,, whereconsumer-wearablestep-
based monitorsare morewidely used), the recommendation of 10,000
daly steps seemsto be the most gppropriate. Similarly to the present
study, Tudor-Lockeet d. (2011) intheir topic-related literature review
suggested that adolescents should achieve at least 10,000 steps/day.
Logicaly, additiona hedlth benefitscan comefrom accumulating more
steps per day.

Zhuetd. (2011) establish thet, after the development of criterion-
referenced standards, the cross-validation of these cut-off scoresusing
additiond samples must be examined. To our knowledge the present
study is the first one that has extensvely examined the accuracy of
severd dally steps cut-off scoresin adolescents. Similar to the present
study, to date the cross-validation of the accuracy of only the 12,000
and 13,500 stepsstandardsfor adolescentswereexamined. Firgt, Colley
et d. (2012) crossvaidated the 13,500 steps threshold recommended
by the Active Hedlthy Kids Canada (2010). The 13,500 steps per day
recommendation showed abad b anceof sengtivity (.90) and specificity
(.66), leading to an underestimation in proportion meeting thetarget of
up to 8.4%. Later, Adamset d. (2013) examined the cross-vaidity of
the 12,000 steps threshold esteblished by Colley et d. (2012), which
wasthen taken for the next following recommendations of theActive
Hedlthy KidsCanada (2015, 2016). Adamset d. (2013) dsofound thet
inmogt of the casesthe standard of 12,000 steps per day wastoo high,
reeching apercentageof fdsenegative(i.e., 1- specificity) upto52and
82 for uncensored and censored daily steps, respectively. For ingtance,
Adamset d. (2013) found that meanwhilethe 11,000/10,500 standards
showed agood bal ance of sengtivity/specificity, for the 12,000 stepsit
was poor, reeching afa se negéativerate of 38% and 52% for maleand
femaleadolescents Therefore, inlinewiththe present study, theActive
Healthy Kids Canada should still suggest a lower daily steps
recommendation for adolescents.

In the previous studies with adolescents examining the steps/day
trandation of the daily recommendation of 60 min of MVPA awide

- 244 -

scoring accelerometer data in
adolescents(Canetd., 2013, Cdahorro
etd., 2015).

Itisworth noting thet in the present study the MV PA was defined
as e» 4 METSs, instead of the 3 METS typically used for adults
(Baumgartner et d., 2015). Although there is till a debate within the
field regarding the selection of MET intensity thresholds for children
and adolescents(Harrdll et d., 2005; Ridley & Olds, 2008), the4METs
thresholdshavebeen suggested in order to account for their higher level
of resting energy expenditure compared with adults (Harrell et d.,
2005). Additiondly, there is growing evidence that in children and
adolescents brisk waking, a key behaviord indicator of moderate-
intengity PA, is associated with an energy cost of goproximately 4
METs (Ridley, Ainsworth, & Olds, 2008). In this line, although
accd erometry-measured MVPA different cut points for adolescents
areavailable, Evenson’scut-off point was used becauseitisbased on 4
METSs threshold and, dso, it has shown to be the most vaid among
adolescents (Trost et dl., 2011).

A secondary purpose of this study was to compare the
cardiorespiratory fitnesslevel shetween adol escentswho doand donot
meet the daily steps recommendations. The results of the present
study showed that adolescents who achieved the daily steps
recommendati onstend to haveahigher mean maximum oxygen uptake
level and a higher probability of having a hedthy cardiorespiratory
fitness profile than those thet did not achieve the recommendations.
However, not dl the comparisons were statitically sgnificant. It is
worth noting that adolescents who met the 11,000/10,500 and 10,000
dally steps standards have a higher mean maximum oxygen upteke
leve, aswdll asahigher probability of havingahedthy cardiorespiratory
fitness profile for the 11,000/10,500 cut-off points, than those thet did
not meet them.

Inthepresent sudy maeand femd eadolescentson averageobtained
42 and 37 ml/kg/min, respectively, being smilar totheestimated median
of cardiorespiratory fitness level among adolescents worldwide (eg.,
for 13-year-old boys and girlsit was estimated 45 and 40 ml/kg/min,
respectively) (Tomkinson et ., 2016). As regards the percentage of
participantsthat met ahedthy cardiorespiratory fitnesslevel, meanwhile
the percentage of male adolescents was similar to the nationdly
representative samplein Chile (49% and 45%, respectively) (Cortinez-
O'Ryan & Aguilar-Farias, 2017), in the present sample the percentage
of femal esreaching thehealthy zonewascons derably higher (38%vs.
16%, respectively) (Cortinez-O'Ryan & Aguilar-Farias, 2017). In
contrast, the worldwide estimate of adolescents having a hedlthy
cardiorespiratory fitnessleve wassgnificantly higher theninthesample
of the present study (e.g., goproximately 75% and 55% of 13-year-old
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boysand girls, respectively) (Tomkinson et d., 2016).
Besdesatrandaion of timein MV PA, steps/day recommendations
could also be established by studies that relate the step-defined PA to
desired hedlth outcomes. Although total PA such assteps, and not only
MVPA, has shown to be an important positive predictor of severa
hedlth-rel ated outcomes (Poitraset d ., 2016), to our knowledgethereis
no study comparing the cardiorespiratory fitness levels between
adolescentswho do and do not meet the dally stepsrecommendations.
However, asmilar sudy waslocated that examined steps/day related
toindicatorsof hedlthy vs. unhedlthy body composition in adolescents
(Dollman, Olds, Esterman, & Kupke, 2010). Dollman et d. (2010)
usngaROC anays sfound that for ma e adolescentsthe 11,000 steps/
day cut-off pointsdistinguished between adolescentswith normal weight
and overweigh/obese. However, the optimized cut point for femae
adolescents (i.e,, 14,000 daily steps) did not significantly distinguish
between thasewhowereclassified asnorma weight versusoverweight.

Srengthsand limitations

Regarding thestrengthsof the present studly, it should behighlighted
that it isthe first cross-vaidation sudy that extensively compare the
accuracy of free-living tota daily steps thresholds associated to the
recommended 60 min per day of MV PA inadolescents. Cross-vaidation
isavaidation gpproach congsting in testing the accuracy of a cut-off
point on an independent sample of individuas smilar to the group in
which the threshold was previoudy developed (Baumgartner et d.,
2015). Whenthe cross-validation resultsare satisfactory, cut-off points
can be generdized to the same population with confidence. On the
contrary, if the cut-off standard does not work well for the cross-
vaidation sample, it has little value in generdizing to the studied
population. Therefore, after the development of criterion-referenced
sandards, the cross-vaidation of these cut-off scores using additional
samples has been considered a necessary step (Zhu et d., 2011). It
should bea so highlighted that in the present study the cross-validation
of the censored stepsthat aremore comparablewith consumer-wearable
step-based monitorswas aso examined.

Another strength was the fact of comparing the cardiorespiratory
fitness levels between adolescents who do and do not meet the daily
steps recommendations. Cardiorespiratory fithess has demonstrated
to be a powerful marker of ided cardiovascular hedth in adolescents
(Ruizetd., 2015, Welk et dl., 2011), which can beinfluenced consi derably
by engaginginregular PA (Poitraset d ., 2016). Although achieving the
daily recommendation of at least 60 min of MV PAiswidely supported
(Poitraset d., 2016), upto datethevdidity of daily stepsthresholdsfor
discriminating adolescentswith hedth-rel ated cardiorespiratory fitness
waslacking.

Asregardsthelimitationsof the present sudy, themain oneswere
related to the rdatively smal sample. Examining the cross-validation
based on smdl samplesissmply lessgenerdizablethaninlarge-szed
sudies. Due to the low number of participants, potentiadly different
subcategories such asmaes and fema es had to be examined together.
Additiondly, because of the smal number of participants in some
subcategories, the comparison of maximum oxygen uptake levels
between adolescents who did and did not meet the totd dally steps
recommendations with some cut-off scores could not be caculated.
Therefore, further research studiesshould cross-vdidatethedaily steps
cut-off pointswith larger samples and separately by sex. Additionaly
future research studies with concurrently worn accderometers and
pedometers may produce a more accurate MVPA trandation of
pedometer-measured daly steps. Further intervention studies with
adolescents are also needed to examine the dose-response of the
recommended stepg/day standards associated with various hedth
parameters.

Conclusions

Although thereis no simple answer to the question regarding the
steps/day trandation of the recommendation of 60 min MVPA for
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adolescents, based on the results of the present cross-validation study,
accelerometry-measured tota daily steps cut-off points of 11,000 for
maes and 10,500 for females seem to be the most gppropriate. For
popul ation guiddinesregarding hed th-enhancing teps, however, 10,000
daily steps seem to be the most practica and adequate pedometer-
basad cut-off point. Itisalsoworth noting thet adolescentswho met the
11,000/10,500 and 10,000 daily steps standards have a higher mean
maximum oxygen uptakeleves, aswell asahigher probability of having
ahedthy cardiorespiratory fitnessprofilefor the 11,000/10,500 cut-off
points, than those that did not meet them. Logically, additiond hedth
benefitscould comefrom accumul ating morestepsper day. Thepresent
study significantly contributesto the evidence-based recommendations
about how many daily stepsareenoughin adolescents. Thisknowledge
may help policy-makersto provideaccurate daily step-based guiddines
that simplify PA recommendations for adolescents.
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