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Abstract. Background: Device measured physical activity (PA) adlow better understanding on how PA is accrued during days. The purpose of this study
was to describe pedometer-derived PA levels and patterns by gender in a population of Chilean children. Methods: 100 children were randomly selected
from two low-income neighborhoods in Santiago, Chile. PA was measured with a wrist-worn pedometer for 7 consecutive days. Seps were summarized
as total steps per hour and steps per day. PA hourly-patterns were compared across subgroups by age, gender, residence type and nutritiona status.
Reaults: 85 participants provided valid data (40 boys, 7.9t2.64 years, 47.8% overweight/obese). On an average day, children accumulated 11692.8+6061.8
steps with no differences between sexes (p=0.14). However, boys accumulated more steps in the morning and lunchtime than girls. Only 35.3% of the
sample met PA guiddines (active), with no differences by sex (p=0.39). Active children in weekdays were more likely to meet the guidelines in weekend
days (adjusted OR: 4.70, Cl 95% 1.67-13.20) than those inactive in weekdays. Conclusion: PA guidelines compliance was relatively low. Step
accumulation patterns differed between and within days including differences by gender in the morning and lunch time. This information may be used
for designing feasible and equitable strategies for increasing the chances for meeting PA recommendations in both girls and boys.

Keywords: pedometer, physica activity assessment, community-based research, health behavior.

Resumen. Antecedentes: los métodos objetivos para medir la actividad fisica (AF) permiten una meor comprension de como se acumula la AF durante
dias. El propdsito de este estudio fue describir los niveles y patrones de AF derivados del podometro en una poblacion de nifios chilenos. Méodos: 100
nifios participaron de dos barrios de bgjos ingresos seleccionados d azar en Santiago de Chile. AF se midié con un podémetro de pulsera durante 7 dias
consecutivos. Los pasos se resumieron como pasos totales por hora y pasos por dia. Los patrones de AF por hora se compararon entre los subgrupos
por edad, sexo, tipo de residencia y estado nutricional. Resultados: 85 participantes proporcionaron datos validos (40 nifios, 7.9+2.64 afios, 47.8% con
sobrepeso / obesidad). En un dia normd, los nifios acumularon 11692.8+6061.8 pasos sin diferencias entre sexos (p = 0.14). Sin embargo, los nifios
acumularon més pasos en la mafiana y mediodia que las nifias. Solo e 35.3% de la muestra cumplié con las recomendaciones de AF (activo), sin
diferencias por sexo (p = 0.39). Los nifios activos en los dias de semana tenian més probabilidades de cumplir con las recomendaciones en los dies de fin
de semana (OR gustado: 4.70, IC 95% 1.67-13.20) que los inactivos en los dias de la semana. Conclusion: El cumplimiento de las recomendaciones de
AF fue relativamente bagjo. Los patrones de acumulacion de pasos difieren entre y durante e dia, incluyendo diferencias seglin sexo en relacion a la
acumulacion de pasos en la mafiana 'y dmuerzo. Esta informacion puede ser utilizada para disefiar estrategias equitetivas para aumentar las posibilidades

de cumplir con las recomendaciones de AF tanto para nifias como para nifios.
Palabras clave: podémetro, evaluacion de la actividad fisica, investigacion basada en la comunidad, comportamiento saludable.

Introduction

The evidence have consstently supported the numerous hedlth
benefits of physical activity (PA) in children (Leinaar, Alamian, &
Wang, 2016; Seinbeck, 2001; Strong et d., 2005), including benefitson
cognitiveprocesses(Tandonet d., 2016), socidization, sef-esteemand
sdlf-concept (Rhodes& Smith, 2006). PA isadetermining factor inthe
energy consumption, therefore, it is essentid for maintaining energy
baanceandweight control (Westerterp & Plasgui, 2004). Thesebenefits
arereflected in a positive dose-response relationship between PA and
hedlth (Janssen & Leblanc, 2010). To beoptimally benefited from PA,
itisrecommendedfor childrento performat least 60 minutesof moderate-
to-vigorous PA (MVPA) per day (World Hedlth Organization, 2010).

Most countriesin LatinAmericaarelacking in evidence about PA
levels and compliance of PA recommendations in young population
(Hald etd., 2012). Mogt evidencehavebeen mainly derived from sdlf-
report ingruments (Aguilar-Farias et d., 2018; Bauman et ., 2012).
However, objectivesmethodsfor measuring PA based on acce erometers
and pedometersaremoreaccurateto determinetotal PA volumes(Strath,
Preffer, & Whitt-Glover, 2012). Objectivetoolsfor measuring PA are
relaively moreexpensveandreguiretrained reseerchersfor dataandyss
comparedwith self-report methods, which may partialy explainlimited
dataavailability derived from these devicesin LatinAmerica Despite
this, some Latin American countries such as Colombia, Brazil and
Mexico havereported PA datawith accel erometersat population level
in children (da Siva et d., 2014; Kaizmarzyk et d., 2015; Medina,
Barquera, Katzmarzyk, & Janssen, 2015). Ancther dternative is the
use of pedometers as they deliver PA data as measured in tota steps
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accumulated during agiventime (e.g. minute, hour, day). Pedometers
not only measure PA inan objective, non-invasveand accuratefashion,
but aso at lower cost than most accelerometers (Butte, Ekelund, &
Westerterp, 2012). Itiswell-recognized that walkingisasmple, natural
and accessible option for being physicaly active within aday (Crigti-
Montero, 2013). Therefore, PA recommendationscan a so beexpressed
in recommended steps per day (13000 steps/day for boys, 12000
seps/day for girls) (Rowlands & Eston, 2005). Using thisprinciple, a
study conductedin Chilein 6-9 aged school children reported thet 33%
of boys and 15% of girls met the PA recommendations as measured
with pedometer inweek days(Moreno, Cano, Orellana, & Kain, 2015).
While, only 17% of boysand 9% of girlsmet the PA recommendation
on weekend days (Moreno et d., 2015). These gender discrepancies
have been observed in sdf-reported PA in Chilean children as well
(Aguilar-Fariaset d., 2016; Aguilar-Fariaset d., 2018).

Objective devices provide higher resolution than self-report
methods. Some pedometers, for example, not only providetotd steps
per day, but dso they inform how these steps were accrued during an
hour, day or week (i.e. PA patterns). Sudies have reported differences
on daily PA patterns and volumes between sexes (Vander Ploeg, Wu,
McGavock, & Veugders, 2012), independent of nutritiond status
(Deforche, De Bourdeaudhuij, D' Hondt, & Cardon, 2009), aswell as,
have reported differences in seasona patterns (Kolle, Steene-
Johannessen, Andersen, & Anderssen, 2009), in class periods and out
of dass(Aguilar-Farias, Martino-Fuentedba, & Espinoza-Silva, 2015;
Beck, Chard, Hilzendegen, Hill, & Stroebele-Benschop, 2016), and
vaiations in school and weekend days (Aguilar-Farias et d., 2015;
Sedeetd., 2010). However, thesevariationshavebeen different across
nations. Therefore, objectively measured PA patterns may facilitate
detection of opportunity windows for generating targeted actions for
children, particularly for this age group asthey arein acritica period
before starting adolescenceinwhich PA, generally, start to decressein
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both genders(Jagoet d., 2018).

Duetothelimited evidence availablewith devicemeasured PA in
Chile and their potential benefit to better understand how PA is
accumulated within a day or week (Aguilar-Farias et d., 2016), the
purposeof thisstudy wasto describe complianceof pedometer-derived
PA recommendations and step accumulation patternsin a population
of childrenfromtwolow-incomeneighborhoodsof the Region Metro-
politanade Santiago, Chile.

Methods

Design

The study sample of this cross-sectiona study comes from
randomly selected low-incomeneighborhoodsinthe Pefid olendidtrict
of Santiago, Chile between August-October 2014. A low-income
neighborhood was defined aspart of thetwo lowest incomequintilesin
Chile. Neighborhood selection considered environmental and
soci oeconomic featuresdescribed e sewhere(Cortinez-O' Ryan, Albagli,
Sadarangani, & Aguilar-Farias 2017). Theparticipantswereaobjectively
measured subsample of the pre-pogt trid caled «Juegaen tu Barrio»
(Play in your Neighborhood) consigting in a play street program
implemented on weekdays, for promoting PA among 4-to-12 yeer old
children of low socioeconomic status (Cortinez-O' Ryan et dl., 2017).
Basdinedataobtained from theintervention and control neighborhoods
were andysed in the current study to avoid the intervention’s effect.

During data collection, each child and their family were visted
three times for 1) providing information and recruitment, 2) signing
written informed consent, completing a questionnaire and ataching a
wrig-worn pedometer, and 3) collecting the wrig-worn pedometer.
Thestudy received gpprova fromthe EthicsCommitteeof the Univer-
sdad Metropolitanade CienciasdelaEducacion, Chile.

Measurements

Demographic detawereobtained fromthe questionnairecompleted
by each participant’ sresponsibleadult. Anthropometric variables (weight
and height) were obtained with aportablemeasuring station (Seca220,
seca Deutschland, Germany). Body massindex (BMI) was estimated
withweightinkilogramsdivided by heightin meterssquared. Nutritiond
status was classfied as underweight, normd, overweight and obese
basad on BMI-for-age from the World Hedlth Organization (WHO)
reference standards (World Hedl th Organization). Participantslivingin
both, houses (61%) and apartments(39%) wererecruited duringAugust
and September 2014. The houses faced the street and without or limited
backyards. Apartments were | ocated in gated four-story buildingswith
some protected open gpace for play.

Physical activity

Pedometer-determined PA wasassessed with Movband (Movable,
USA), awrig-worn accelerometer that was placed on the participant’s
non-dominant Sde. The device has shown excdlent reigbility and
concurrent validity when compared with other widely used
accelerometers (Barkley, Rebold, Carnes, Glickman, & Kobak, 2014;
Fadd et d., 2015). Paticipants wore the Movband for 7 consecutive
days and were asked to remove the pedometer only in water-based
activities. Movbandswere charged, synchronized and downloaded on
the same compuiter to avoid time mismatches. Datawere extracted in
total steps per hour as alowed on the Movable online software. The
participantswereasked to completeal ogbook every day torecord their
pedometer wearing timeand waking hours.

Pedometer datareduction

Datafromlogbooksweremergedwith pedometer recordsfor ddeting
non-wearing time. Pedometer-determined PA was consdered vaid if
the participant worethe devicefor at least 10 hoursin 3 weekdaysand
1 weekend day (Rich et d., 2013). Steps were summarized as total
steps per hour as well as totd steps per day. Mean steps per hour on
average day, weekdays and weekends for each participant were dso
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cdculated for comparisons across subgroups. Mean tota sepson an
averageday wereca culated asfollows: (Meantotd stepsinweekdays
x 5) + (meen total stepsin weekend days x 2) / 7). While mean totdl
steps per weekday and weekend day were dso cdculated inasimilar
method, but only including their respective days. Participantswho met
the pedometer-determined PA recommendationsor ‘ physically active
were defined as those children that recorded at least 13000 steps per
day for boys, and 12000 steps per day for girls (Rowlands & Eston,
2005). For the PA hourly-pettern analys's, mean tota steps per hour
on an average day, average weekday and average weekend day were
cdculated for each participant and compared across subgroupsby age,
gender, residence type and nutritiond status.

Satigtical analysis

Data were tested for normality with Shapiro-wilk. Means and
standard deviation were used for describing normally distributed deta,
while median and quartiles were used for non-normally distributed
data. Categoricd datawereshown aspercentages. Differencesbetween
sexes for continuous data were assessed with Student T-test and
multivariate K olgomorov-Smirnov test depending onthelr distribution,
while categorical datawere assessed with chi-squaretest. Multiveriate
regressionwas used to assesstheassociaion for both 1) mean sepsper
day (averageday, weekday, weekend day), and 2) PA recommendation
compliance with gender, age, nutritiona status, number of siblings,
number of friendsand residencetype, respectively. All Satisticd andyses
wereperformed usng Stata13.0 (StataCorp. College Station, TX, USA)
and p<0.05 was consdered sttisticaly significant.

Results

In totd 100 children were measured, out of which 85 (40 boys)
provided complete and valid data for pedometer-determined PA. The
meanagewas 7.9years(SD: 2.64, range 3-13) and 47.8% of thesample
wasoverweight. No differencesbetween sexeswere observed for age,
BMI and nutritional gtatus. Sample characterigtics are displayed in
Tablel.

Sep accumulation per day

On an average day children accumulated 11692.8+6061.8 steps
with no differences between sexes (p=0.14, Table 2). No Satitical
differenceswerefound ether for meantotd stepsonweekdays(p=0.13)
and on weekends (p=0.45) between sexes. Also, no differences were

Tablel.
Sample characteristics
Total Male Female

(N=85) (N=40) (N=45) p
Age (years), Mean (SD) 7.9 (2.64) 8.2(2.64) 7.6 (2.63) 0.33
BMI (kg-m?), Mean (SD) 108 (4.41)  19.8(4.96) 19.8 (4.01) 0.96
Nutritional status (%)
Normal 522 534 513 056
Overweight 188 233 154 )
Obese 29.0 233 333
Number of siblings 1.3(1.23) 1.2 (1.11) 1.4 (1.34) 0.50
Number of friends 45(4.79) 4.9 (5.46) 4.1(4.06) 0.41
Residence type (%)
House 610 510 70.6
Apartment 39.0 49.0 294 0045

SD: standard deviation
Student’s t-test and multivariate Kolmogorov-Smirnov test were used for continuous variables
and chi-square test for categorical data

Table 2.
Mean total steps per day and percentage of children who met the pedometer-determined PA
recommendations by sex.

Total Male Female p
Steps on an average day (steps/day)
Mean 11692.8 12731.7 10769.4 014
(SD) (6061.8) (7180.1) (4754.0) :
Steps on weekday's (steps/day)
Mean 11888.7 13020.8 10882.3 013
(SD) (6472.55)  (7830.73)  (4840.09) :
Steps on weekend (steps/day)
Mean 10680.7 11263.6 10152.1 045
(SD) (6536.37)  (6751.23)  (6368.42) -
Active children (%) 35.3 40.0 311 0.39
Active children on weekday's (%) 40.0 45.0 35.6 0.38
Active children on weekend (%) 28.0 282 279 0.98

SD: standard deviation; PA: physical activity
Student’st-test and multivariate K olmogorov-Smirnov test were used for continuous variables
and chi-square test for categorical data
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observed between mean tota steps on weekdays and weekend days
(11888.7+6472.6 vs 10680.7+6536.4 steps/day; p=0.23).

Complianceof pedometer-derived PArecommendations

Only 35.3%of thesamplemet therecommendation for pedometer-
determined PA onanaverageday, withno Satistical differencesbetween
weekdays and weekend days (p=0.10). Also, despite more boys than
girlsmet the PA recommendation, nostatistical differencewasobserved
between them (p=0.39).

When using multivariate regresson andysis for estimating odds
ratiofor meting pedometer-derived PA recommendations, no differences
werefound when adjusting by gender, age, nutritiona status, number of
shlings, number of friendsand residencetype. However, thosechildren
who met the PA recommendations in weekdays were more likely to
meet theguiddinesinweekend days (adjusted OR: 4.70, Cl 95% 1.67-
13.20) than those inactive in weekdays.

Stepaccumulation patterns

Step accumul ation patternsweredifferent in somehoursof theday
between boys and girls (Figure 1) on an average day, weekday and
weekend days. Overdl, step accumulation patterns on an average day
fluctuated during the day with a peek at lunch time (1055.8+475.8
steps/hour) and steady declinethroughout the afternoon (Figure 1). On
an averageday, step accumulation patternsdiffered between sexeswith
boysaccruing morestepsper hour thangirlsinthemorning a 8:00-8:59
(514.1+415.9 vs 274.8+278.4 steps’hour, p=0.002), 9:00-9:59
(566.3+397.4 vs 408.5+320.0 steps’hour, p=0.046), and at lunch time
from 13:00-13:59 (1195.9+512.1 vs 931.3+407.4 steps/hour, p=0.01)
to 14:00-14:59 (922.0+438.7 vs 676.7+336.7 stepsghour, p=0.005)
(Figure2).

Step accumulation patterns during some hours of the day were
datidticaly different when comparing these patternsbetween weekday's
andweekend daysinthetota sample(Figure3). Children onweekdays
hed higher step accumulation per hour than weekend daysfrom 6:00to
10:59, and 13:00-13:59. Whilemore steps per hour wereobserved from
22:00 to 00:59 in weekend than weekdays. Mean differencesin steps
per hour between weekdays and weekend ranged from -314.9 steps/
hour at 23:00-23:59 (p=0.001) to 348.9 steps’hour a 13:00-13:59
(p=0.003).
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Figure 1. Pedometer-determined physical activity patternsin the total sample (A), and boys
and girls (B) on an average day.
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Figure 3. Pedometer-determined physical activity patternsin boysand girls on an average
weekday (A) and weekend day (B).

Patternsof step accumulation per hour inweekdaysby sex showed
smilar distribution to those described on an average day (Figure4). In
weekdays, boys accumulated more steps per hour than girls at 8:00-
8:59 (574.2+450.00 vs 314.0+313.20 stepshour, p=0.003), 12:00-
12:59 (961.8+464.85 vs 728.1+414.13 stepshour, p=0.016), 13:00-
13:59 (1275.74553.74 vs 957.4+427.08 stepsthour, p=0.004), and
14:00-14:59 (963.14520.80 vs 656.1+371.40 steps’hour, p=0.002).
Hourly PA patterns on weekend daysweredifferent between boysand
girlsonly at 20:00-20:59 (1061.5+992.18 vs628.2+682.57 stepshour,
p=0.02), which correspondsto the highest accumul ation of steps/hour
on the day for boys.

Discussion

Thepresent study described compliance of pedometer-derived PA
recommendations and step accumulation patterns in children of two
low-income neighborhoods in Chile. In our study, the average of
accumulated steps per day was 11692, whichislower than reported in
other studiesinsimilar agegroupsfrom other countries(Cox, Schofield,
Greadey, & Kalt, 2006; Craig, Cameron, Griffiths, & Tudor-Locke,
2010; Duncan, Al-Nakeeb, Woodfield, & Lyons, 2007; Rosa ¢ d.,
2011), but higher than those observed in another Chilean sample of
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adolescents(ParraSd dias, Veega, Fernandez, & Ramirez, 2018).

The sgnificant differences reported in international studies that
have favored boys (Bdltran Carillo et d., 2017; Duncen et d., 2007,
Gao, Wang, Lau, & Ransdell, 2015) contrast withthelack of statigtical
differencein mean accumulated daily steps between girlsand boysin
our study (12731.7 vs 10769.4, p=0.14). However, the absolute
differenceobserved (2000 steps/day approx.) wassmilar tothet reported
in other study conducted in Canadian population (boys 12259 vsgirls
10906) (Craigetd., 2010). Thismay bepartialy explained by thewide
digpersion of step accumulaion patterns in both sexes as well asthe
relatively smal sample Size of our study. Another agpect thet could
have affected these resultsis that the sample of the study comes from
low-incomeneighborhoods. In Chile, it hasbeen observed that children
attending public schoolsand livein low socioeconomic neighborhood,
have less physica education classes, organized sports and reduced
access to better quality infrastructure than children of higher
socioeconomic level (Aguilar-Farias et d., 2016). These precarious
conditions for performing PA may be affecting negatively in smilar
gradeboth girlsasboys.

Inour ssmple, nodifferenceswereobservedin PA recommendation
compliance rates when comparing and adjusting by different
sododemographicfactors indudingage. Thismay bepartidly explaned
as the participants were preadolescents and not adolescents in which
PA decline and gender differences are exacerbated (Dumith, Gigante,
Domingues, & Kohl, 2011), Effortsmust bekept toensurethat children
should engage and enjoy PA not only in school, but dso in out-of-
school hours, as participation in PA and perceptions about physica
education tend to decrease with age (Brooke, Corder, Griffin, & van
Sluijs, 2014; Carcamo-Oyarzun, Wydra, Hernandez-Mosqueira, &
Sdlazar, 2017; Jego et d., 2018). Only athird of the sample met the PA
recommendations, with lower compliance in weekend days (27.9%
boysand 28.2% girls) than weekdays (45.0% boysand 35.6% girls) as
smilarly shownin other sudies (Moreno et d., 2015; Vander Ploeg et
a., 2012). These findings may suggest thet the school environment
promotes higher PA levelsin children than homes or neighborhoods
under this context as similarly shown in another study conducted in
Chile(Godard, Romén, Rodriguez, Leyton, & Sdazar, 2012). Therefore,
it may be pertinent to focusinvestmentson out-of-school PA programs
for providing opportunitiesin disadvantaged neighborhoods (Cortinez-
O Ryanetd., 2017), especidly when conddering that inectivechildren
during weekdaysare very likely to remaininactive on weekend days.

Onanaverageday, higher step accumulation per hour wasobserved
in boys than girls during the morning (8:00 — 10:00) and lunch time
(13:00—15:00). Thesedifferenceswerea so observed between weekdays
and weekend days in the totl sample, being active transportation to
school and active play after lunch in weekdays (e.g. footbdl in boys)
possibly mgor contributors of thisdisparity. Sudiesin other countries
havereported smilar PA patternsto thaseobservedinour study (Beltrén
Carrilloetd., 2017; Goodmen, Page, Cooper, & Internationa Children's
Accd erometry Database, 2014; Vander Ploeget d., 2012). For example,
astudy conducted in Chinareported that boysweremoreactivebefore
school than girls, but no differenceswere observed a lunchtime asin
our sudy (Gao et d., 2015). More comparablefindings were reported
by Bdtran-Carrillo et d (2017) in a sample of Spanish adolescents
showing that boysweremoreactivethan girlsbeforeand during school
hours. The step accumulation patterns described in this study provide
relevantinformation for both reinforcing existing behaviorsand cregting
new strategiesto enhancethese «moreactive» periods(e.g. saferoutes,
active bresks) (DiMaggio, Frangos, & Li, 2016; Hyndman, Benson,
Ullah, & Telford, 2014). At thesametime, these patternsclearly showed
certain temporary spaces not only within aday but also in particular
dayswherelow PA levelswereobserved. Thesetemporary spaces(i.e.
lunch break) may be used for providing more opportunities for being
more physicaly active at school or homes.

Chile, asit islocated at the south of the Americas, meets specid
featuresreated to thelong hours of exposureto sunlight in spring and
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summer periods. The number of accumulated steps per hour in late
hours (after 7 pm) wassimilar to those observed in other countriesthat
haveimplemented daylight saving (Goodman et d ., 2014) and different
to those reported in countries located closer to the Ecuator (Tucker &
Gilliland, 2007). Inlinewith thesefindings, Goodman et d. suggested
that daylight saving could be evaluated asapublic hedth Srategy, due
to itsimpact on the increment of PA levelsin children from countries
that implement compared to those who do not implement daylight
saving (Goodman et d., 2014).

Srengths and limitations

There are other studies in Chile that have measured PA with
pedometers, but to our knowledge, this is the first where the sample
was obtained from low-income neighborhoods and then randomly
sdlected to participate in the measurement. Pedometers were worn in
the participants wrigts, offering excellent compliance. Additiondly, as
these devices did not display the step count, it ssems unlikely that PA
behaviorsmay have beeninfluenced by their use. The pedometer used
inthisstudy had memory, thus, it was not necessary to request children
registering daily step count and reset the device every day, reducing
sources of bias (i.e. participant’s memory, acceptability). Despite the
strengths, our study was not exempt of limitations. The sample sze
was relatively smal, but comparable to other exploratory studies
(Deforcheet d., 2009; Dorsey, Herrin, & Krumholz, 2011; Godard et
d., 2012). PA patterns were measured on a single time frame during
spring; therefore, we were not able to measure seasond changes or
trends within a same season. Despite this aspect was not part of our
maingod , thismay beconsderedinfurther gudies, espedidly incountries
with marked seasond changes in terms of temperature, rain fal and
sunlight exposure.

Conclusion

Only athird of the participants met the pedometer-determined PA
recommendation on an average day, reinforcing the need for effective
strategies to improve these figures. Children who met the PA
recommendationsinweekdaysweremorelikely to meet theguiddines
inweskend daysthanthoseinactiveinweskdays, suggesting that physicel
behaviourstend to be stablein thisage group. Hourly patterns showed
that accumulated stepsduring early hoursof themorning and lunchtime
in school days play akey rolein increasing PA during these days. In
addition, boys accumul ated more steps than girls during those periods
that may reflect in some extent gender disparities in terms of active
trangportation, and use of playgrounds for engaging active play in
activitiessuch asfootball. Thisinformation may beused for designing
equitable strategies for increasing the chances for meeting PA
recommendationsin both girlsand boys.
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