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Abstract

Physical inactivity and sedentary behaviour have been independentigiassd
with a wide range of negative health indicators including obesity, poor cangiabolic
health, and poor psychosocial healffhe overarching objective of this research was to
gain a better understanding as to why children are sedentary, and wheneeed to
focus public health messages and interventions to reduce sedentary behaviour.
Specifically, | aimed to provide insight on current awareness of sedentary behaviour
guidelines; determine important correlates of total sedentary time (SED), ardrscr
time (ST) in Canadian children; and understand correlates of SED and ST in a global
context. The primary dataset used for this project was the International Study of
Childhood Obesity, Lifestyle and the Environment (ISCB8&a&ground work was
completed to review current literature on knowledge and awareness of Canadian
physical activity and sedentary behaviour guidelines (in all age groups), and to
understand the representativeness of the ISCOLE dataset. In addition to the two
background papers, thdissertation includes three manuscripts, all prepared for
submission in scientific, peeeviewed journals:

1. Manuscript 1:.Canadian physical activity and screen time guidelines: do children

know?
2. Manuscript 2: Correlates of objectively measured sedentamg tand sel

reported screen time in Canadian children



3. Manuscript 3. Correlates of total sedentary time and screen time ih19yearold
children around the world: The International Study of Childhood Obesity,
Lifestyle and the Environment

Overall, this wark showedthe majority of children around the world are accumulating

large amounts of sedentary time, and exceeded current screen time guidelines. We

found that the large majority of Canadian childrare not aware of screen time

guidelines; however, a gater proportion of children could iderfyi physical activity

guidelines We also identified a number of correlates of SED, and ST in Canadian

children, and in children around the world. The most common correlates included

weight status, and access to eflemics in the house. Taken together, this work suggests

that public health messaging should focusinoreasing awareness of screen time

guidelines. While increasing awareness of the guidelines, messaging can be tailored to
promoting healthy weight stat’s I YR NBRdzOAYy 3 62NJ NBY2QAy A0

electronic devices in hopes of reducing overall time spent sedentary.



CoAuthorship

This work could not have been possillghout many invaluable collaborations. Below

is a list of author contributions fdhe manuscripts included in this dissertation.

Background Manuscript 1: MST conceived of the manuscript. AGL, MST and MD
designed the review. AGL, TB, SD, MD, GF, ALC, NO, RER, JCS, and MST aided in data
collection, analysis, and critically reviewed thegoer. All authors approved of the final

version of the manuscript.

Background Manuscript 2: AGL, MST, and PTK conceived of the manuscript and designed
the review. All authors aided in data collection and analysis. All authors approved of the

final manusdpt.

Manuscript 1: AGL, PEL, and MST conceived of the manuscript. AGL, CB, MMB, and GL
completed data collection. AGL, JPC, PEL, and MST completed data analysis. All authors

critically reviewed the paper and approved of the final manuscript.

Manuscript2: AGL, STB, JPC, and MST conceived of the manuscript. AGL, CB, GL, and
MMB completed data collection with the help of the ISCOLE Research Group. AGL, STB,
JPC, PTK and MST completed data analysis. All authors critically reviewed the

manuscript and approweof its final form.



Manuscript 3: AGL, JPC, PTK, and MST conceived of the manuscript. Data collection was
completed by the ISCOLE Research Group. AGL, STB, JPC, PTK, and MST completed data

analysis. All authors critically reviewed the paper and apprafets$ final form.



Acknowledgements

First and foremost, | would like to thank Dr. Mark Tremblay for his mentorship
over the past five years. Mark you took a chance and asked me to come work with you
at HALO, more than five years ago, and helped shapedareer along the way. From
GKS FANRBRG GAYS L YSi @&2dz Ay GKS SyGiNIyoOoS 2
FONR&a Fff FINBFa 2F Y& ftAFST IYyR AYyaLWANBR
such patience and have been supportive of (almost)fathy crazy ideasncluding
doing my PhD.

¢2 ff 0KS 20KSNJI!'[hA(iSa 2dzi GKSNBI &2
have such an amazing group of people to work with, and to be lucky enough to call
many of you close friends. The bond created with#&LB is one that can only be
achieved when you hit each other with hockey sticks, and | have no doubt these bonds
will last a lifetime. #TeamLoft

Both before and during this journey have also been fortunate to work with
some of the best pediatric researers and public relations people in the business. You
encouraged me to start on this journey and have been there to support me all the way
through. This is especially true for those at CSEP and ParticipACTION who encouraged
me to pursue my PhD from theast. Also a huge thank you to everyone from ISCOLE
FYR t SyyAy3idzy . A2YSRAOIfT wSaSINOK /SyiNB:z

scratching my head over SAS errors.

Vi



CAylLffe LQR tA1S (2 0(dKIFIyl Y& FNASYRa |y
Dad, havei dzLJLI2 NI SR YS G KNRdzZZK SOSNE ONIT & RSOAA
fAGAY3I AY (GKNBS LINRPOAYOSa 2y (g2 O2Fadaxz i
support and encouragement has never faltered, even as | lay claim to becoming

Governor General

vii



Table of Contents

Y 0] 1 = Lo APPSO PPPPPRRPPPR IL.
(@03 AN U1 0] €] 1 o PP Y
F AN [0 1V =T (o =T 0 0= | A Vi
(IS A0 T U PP Xii
IS A0 N = 1 o] =PSRRI Xiv
LiSt Of ADDIEVIALIONS......eiiiiiiiiiiiiii e e e e e e e e e e e e eeeeeees XVi
Chapter 1: INtrOQUCTION.........oiiiiieeeee e e e 1

1.1 TRESIS OVEIVIBW .. i i eeeeee e e e ee ettt e ettt eeeeeeeeeeeeeennennannnnnes 1

1.2 Rationale fothis theSIS..........uuueiiirr e 2

1.3 Summary of background WArK............ccooiiiiiiiiiiiiiieee e 5

1.3.1Background manuscript Knowledge and awareness of Canadian Physical
Activity and Sedentary Behaviour Guidelines: a synthesis of exisfitgnee........ 5
1.3.2Background manuscript Zre participant characteristics from ISCOLE study
sites comparable to the rest of their Country?..........ooovvvvviiiiiiiiiiiiis 6

1.3.3Manuscript 1:.Canadian physical activity and een time guidelines: do

1.3.4 Manuscript 2: Correlates of objectively measured sedentary time and self
reported screen time in Canadian children.............ooovvvvvvviieeiiiiiiiiiiinns 7
1.3.5Manuscript 3Correlatesof total sedentary time and screen time iAl9Q year
old children around the world: The International Study of Childhood Obesity,

Lifestyle and the ENVIrONMENT...........ooiiiiiiiiiiiieee e 8

viii



1.4 Contributions Of thiS WOTK. ...c..oeeeeeee e 9

Chapter 2: Review Of Literature.............ccoeoeeeeiiiiii e 13
2.1 Introduction and background..............cccooii i 13
2.2 Physical activity and sedentary behaviour in population health.................. 13

2.2.1 Definition of pop@tion health.............cccccoiiiii e 14
2.2.2 Definition of physSiCal @CtVILY..........cooiiiiiiiiiiiiiei e 15
2.2.3 Definition of sedentary behaviour...............cccccoiiiiiiiiiiiiiiie e 15
2.3 Physical activity and sedentary behaviour in children andwaut.................. 16
2.3.1 PRYSICAI @CHVILY. ....ceiiiiieeiiiiiiiie ittt e e 16
2.3.2Sedentary DehavioUL.............coooiiiii e 19
2.4 Canadian physical activity and sedentary behaviour guidelines................. 21
2.4.1Physical activity guidelines..........ccccoeeiiiiiiiiiieiieeeeeeeee 24
2.4.2Salentary behaviour guidelinges..............uiiiiiiiiiiiii e, 27
2.5Awareness of current Canadian guidelings...........cccceveieiiiiieeiiiiiiiiee e, 29
2.6 Conceptual frameWorkK.............oooii i —————— 31
2.6.1 Ecological framework. ..o 31
2.6.2 Determinants of active living and sedentary behaviour......................... 33

2.7 Importance of studying sedentary behaviour in a population health contex88

2.7.1Correlates of sedentary behaviour in a population health context.......... 40
Chapter 3: MethodologiCal OVEIVIEW. .........uuuriiciieiieee e 50
3oL SUMIMIATY... et 50
3.1.1 Project framOrk.........cocuuiiiiiiiiii e 50



3.2 Summary of research methods and datasets...........cccoeevvveeiieeiiieei e, 51

3.2.1 International Study of Childhood Obesity, Lifestyle and the Environmehit

3.2.2ANthropometriC MEASUIEIBNES. .........uuuureieiiiiiiiiree s e e e e e e e e e e e e e e e e e e e e aaeaaeaes 56
3.2.3 Directly measured physical activity and sedentary behaviour.............. 58
3.2.4Child and parentreport QUESLIONNAIIES...........ceeiiiieeiiiiiiiiiie e 60
3.2.5 Representativeness of ISCOLE..........ccceeviiiiiiiiii e 61
3.2.6 Canadian Assessment of Physical Literacy (CARPL)...........ovvvviivrvennnnnnd 62
3.3 ANAIYEICAI PIAN......eeeeeeee s 64
3.3.1 Multilevel modelingbackground..............oooiiiiiiiiiiiiieee e 65
3.3.2 Use in paplation health research............cccccceiiiiiiiiiii 65
3.3.3 Model building ProCESS......coiiiiiiiiiiiee e 67
3.3.4 Strengths and limitations of multilevel modeling................ovvvviiiiiinnnnnnd 69
Chapter 4: RESEAICN reSULLS..........uuuueiiicccee e 74

4.1 Canadian physical activity and screen time guidelines: are children aware?4
4.2 Correlates of objectively measured sedentary time andreplirted screen time
iN Canadian ChilArEN............uuiiiiiiee e 104
4.3 Correlates of total sedentary time and screen time-kil9/earold children

around the world: The International Study of Childhood Obesity, Lifestyle and the

ENVIFONMENL. ...t e e e e e e e e eneeees 117
Chapter 5: DISCUSSION.......ciiiiiiiiiiiiieiee et e e s s r e e e e e e e e e ennneees 138
5.1 Summary of research fiNdiNGS..........ccccuiiiiiiiiiie e 138
5.2 Interpretations within a population health context..................cccevvvevveneeee. 140

X



5.2.1 Continue to monitor and evaluate indicators of healthy active living...141
5.2.2 Harmonize data collection strategies around the watrld....................... 143
5.2.3 Ensure timely updates to guidelines and policies..............cccccvvveeenenne. 144
5.2.4 Strive for continual improvement of phyaiactivity and sedentary behaviour
guidelines and MESSAGING..........cooiuuririiiiiiie e e 147

5.2.5 Refine methods for measuring sedentary behaviour in children and ybd@h

5.3 Summary of strengths and limitations of thigri.................ccoeviviiiiiiiiiiiinnn, 151
5.3.1 SIENGLNS. ...t 151
5.3.2 LIMIEATIONS. ...ttt e e e e e e e e as 153

5.4 Knowledge translation Strategy..........coovuiiiirriiiieeiee e 155

5.5 CONCIUSIONS....ceiiiiiiiiee ettt e e e e e e s r e e e e e e e e e e e aaan 156

Appendix A: Background ManUSCHIPL.L...........uuurirrimmmiiiirnieesseee s eee e e e e e e eeeeeenas 163
Appendix B: Background ManUSCHIPL2...........uuuuureiiueeiiiieessssaseessee e e e eeeeeeeeeens 213
Appendix C: Consent forms and ethics approval............ccccceeeiiiiiiiiiiiiiiiieceeeeeen, 223
Appendix D: ISCOLE Diet and tyfeQuestionnaire..................evvevvvvvvnnninnninnnnnnnnns 244
Appendix E: ISCOLE Demographic and Family Health Questionnaire............... 254
Appendix F: ISCOLE Neighbourhood & Home Environment Questionnaire......260
Appendx G: ISCOLE research ethics boards...........cccccvveiicciiiiiiiiieee e, 271
Appendix H: CAPL physical activity knowledge questionnaire...............cccvveeeee. 272
Appendix |: Sample SAS CAAE.........ooiiiiiiiii e 281

Xi



List of Figures

Chapter 2
Figue 2.1.Components of Population Health Research
Figure 2.2Daily physical activity (steps per day) from ISCOLE study sites and
their representative countries
Figure 2.3Proportion of children exceeding screen time guidelines (>2 hours per
day) from ISCLE sites and their representative countries
Figure 2.4Canadian Physical Activity Guidelines for Children (agedyears)
Figure 2.5Canadian Sedentary Behaviour Guidelines for Children (adéd 5
years)
Figure 2.6Ecological model of active living
Figure 2.7.Ecological model of sedentary behavior
Figure 2.8Description of mediators, confounders, and moderators

Chapter 3
Figure 3.11SCOLE data collection sites around the world

Chapter 4
Manuscript 1
Figure 1 Average moderateto vigorousintensity physical activity (MVPA), total
sedentary time, and knowledge of physical activity (A) and screen time

guidelines (B)

Xli



Manuscript 3
Figure 1Participants with missing data

Figure 2 Mean total sedentary time (A) and screen time score (B)

Xiii



List of Tables

Chapter 2
Table 2.1 Canadian physical activity and sedentary behaviour guidelines
Chapter 3
Table 3.11SCOLE country and participant characteristics
Table 3.2Sampling methods employed by International Study of Childhood
Obesity, Lifestyle and the Enviroent (ISCOLE) sites.
Table 3.31SCOLE anthropometric measurement table
Table 3.3 SAS output to calculate interclass correlation coefficients
Table 3.5Model building process
Chapter 4
Manuscript 1
Table 1Descriptive participant characteristics
Table 2Responses to the Knowledge and Understanding of physical activity
guestionnaire and betweesex differences (total samphe=1,010)
Table 3Associations between habitual activity and perceptions of physical
activity
Manuscript 2
Table 1.Potential correlags of objectively measured sedentary time and-self
reported sedentary behavior

Table 2.Participant characteristics

XIV



Table 3.Univariate correlates of total sedentary time

Table 4.Univariate correlates of seieported screen time

Table 5.Socieecologicadomains and final models for accelerometer measures
sedentary time and sehleported screen time

Manuscript 3

Table 1.Potential correlates of objectively measured sedentary time and self
reported screen time

Table 2.Descriptive characteristics of allpaipants

Table 3.Univariate correlates of total sedentary time

Table 4 Univariate correlates of total screen time

Table 5.Final model for correlates of accelerometer measured total sedentary
time and seHreported screen time

Table 6.Significant corlates by ISCOLE country site for total sedentary time and

screen time

XV



BMI

CAPL

CFLRI

CSEP

HALO

ISCOLE

MVPA

PA

PHAC

SB

SED

ST

TV

U.K.

u.S.

WHO

List of Abbreviations

Body Mass Index
Canadian Assessment of Physical Literacy
Canadian Fitness and Lifestyle Research Institute

Canadian Society for ExercRBysiology

Healthy Active Living and Obesity Research Group
International Study of Childhood Obesity, Lifestyle and the
Environment

Moderate- to vigorousintensity physical activity
Physical activity

Public Health Agencyf €anada

Sedentary behavior

Total sedentary time

Screen time

Television

United Kingdom

United States

World Health Organization

XV



Chapter 1

LYUNRRAzOUA2Z2Y

1.1 Thesis overview

This thesis aimed to contribute to our understandofgvhy chidren are
sedentary. Data for this research came primarily from the International Study of
Childhood Obesity, Lifestyle and the Environment (ISCOLE). Results of this work are
presented within a Canadian context and are prepared for use by researcheith, heal
care providers, and those working in governmental, -gavernmental and nefor-
profit organizations. It is hoped that this work can be used beyond those in academia to
help inform updates to current Canadian physical activity and sedentary behaviour
guidelines, to advise population health interventions, and to provide suggestions for
future research.

Throughout this work, the following definitions were usetlysical activity
refers to any bodily movement produced by skeletal muscles that requireggner
expenditure! physicainactivity refers to the absence of recommended levels of
physical activity or exercise, usually measured by not meeting prescribed physical
activity guidelinesSedentary behaviour is defined as any waking behaviour that
requireslittle to no energy expenditure (lekm ®p a9¢ao ' yR 2 OO0OdzNA
reclined positior? Additional details on these terms can be found in the review of

literature presented in Chapter 2.

Ay



Chapter 1 presents a broad overview of the work that hasnbiecluded as part
of this thesis, and provides context and guidance for the reader. Chapter 2 provides a
review of literature to help inform the reader, and to provide justification for why this
work was needed. Chapter 3 provides methodological detaild,gives an overview and
rationale of statistical techniques used throughout this work. Chapter 4 presents the
results of the three research articles that were completed as part of this dissertation.
Chapter 5 summarizes the results and offers suggestionfuture work. The
appendices provide details on data collection (e.g., elihdl parentreport
guestionnaires), data analysis (sample SAS code), research ethics approvals, and two
background manuscripts that were used to help inform this work.
1.2 Ratiorale for this thesis

This work was inspired by the fact that low levels of physical activity (PA) and
KAIK fS@Sta 2F aSRSyialI NE o0SKI @A 2BHNIow { . 0
PA and high SB levels are independently associated with a wide shnggative health
indicators including overweight/obesity, poor careiwetabolic health, poor
psychosocial health, and increased risk for many diseases in cHfftmed adults’®
Further, when poor lifestyle habits are established at a young age ateegnore likely
to follow an individual through adolescence and into adulthood, putting them at
increased risk for adverse heaftR® Therefore, monitoring habitual PA and SB among
children, as well as identifying their demographic, socioeconomic, anidoamvental
determinants, represent a particularly important area of research. Previous work has

focused largely on understanding different types and correlates of PA, and only recently

2
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have researchers turned their attention to the complex nature of SBtefbre, it was
SB, and specifically screen time (e.g., watching television (TV), playing on the computer),
that was of most interest to me.

Guided in part by the sociecological model, the overarching objective of this
dissertation project was to gainteetter understanding of correlates of SBs in children
and youth!! The conceptual frameworks outlined by Owen ettabn determinants of
SB, and by Sallis et &.9n determinants of active living, were used to understand the
interactions between lifestie, neighbourhood, and environmental factors contributing
to high levels of sedentarism in children. The sagological model was chosen to help
guide this work because it takes into consideration the relationships between different
environmental interations and influences, and individual behaviours.
Defining this work

This dissertation includes a total of five manuscripts, all submitted for
publication in scientific, peereviewed journals. Background work was completed to
review current literature orknowledge and awareness of Canadian PA and SB
guidelines, and to understand the representativeness of the ISCOLE dataset across each
ISCOLE countrelow is an abbreviated abstract of each manuscript. Where applicable,
the target journals have been inded. The rationale for each manuscript was as
follows:

Background manuscript3he first background manuscript was completed to
synthesize current knowledge and awareness of Canadian PA and SB guidelines. To date,

little work has been done to assess guidelknowledge, and not a single study

3



SEI'YAYSR OKAfRNByQa (1y26ftSR3IS 2F GKS 3IFdzA RS

supported the need to complete Manuscript 1. The second background manuscript was
designed to understand if data collected from ISCOLE stteb/gere representative of

the whole country. ISCOLE was not designed to be nationally representative; however,
understanding how the ISCOLE study population differed from a representative sample
from each country was very helpful when interpreting figirand developing public

health recommendations. This manuscript was also designed to aid in increasing and
updating my knowledge of similar studies around the world.

Manuscript 1.This manuscript was developed based on the assumption that
public health mesages to improve habitual behaviours are only beneficial if they are
known to the general public; therefore, children who were aware of current PA
guidelines and/or screen tim&T)guidelines would demonstrate more beneficial
lifestyle habits (i.e., ineased PA, decreased ST) than children who were unaware of the
guidelines. If our assumptions were true, this would support a population health
intervention aimed only at those who were unaware of current guidelines. If our
assumptions were incorrect, anamifferences in habitual activity existed, then
population health interventions should be more widespread. This information could also
be used when developing and disseminating updated guidelines.

Manuscript 2 This manuscript was developed to better unstand correlates of
total sedenary time (SED) and 8TCanadian children. Few studies have examined

correlates of SED and ST in the same population, and no studies have examined these in



a Canadian context. It was hoped that results from this studydcbelused to help
inform updates to Canadian SB guidelines.
Manuscript 3 This manuscript was developed to expand on the results obtained
in Manuscript 2, and to understand if correlates of SED and/or ST were similar across all
12 ISCOLE countries. It veessumed that correlates across all 12 ISCOLE countries
would be similar to those identified in the Canadian sample. This work was unique in
that no study has used such a large, geographically, and-soltizally diverse sample
to understand correlates KA f RNBy Qa {. ® ¢KAa 62N] OFy KS
develop public health messages and coordinate efforts to reduce SED and ST around the
world.
1.3 Summary of background work
Below is a brief summary of each manuscript included in this dissertdtidh
articles can be found in Chapter 4, with the exception of the background manuscripts,

which can be found in the appendices.

1.3.1Background manuscript IKnowledge and awareness of Canadian Physical

Activity and Sedentary Behaviour Guidelines: a synttsesf existing evidence

This manuscript has been published in the journal of Applied Physiology, Nutrition, and
Metabolism*3The aim of this review was to consolidate and synthesize existing
evidence regarding current knowledge and awareness of Canadiand®3B guidelines.
Scientific databases, journal websites, content experts, organizations devoted to healthy
active living, and government websites were searched for information pertaining to the

guidelines. Overall, we found that awareness of the guigsliwas low, especially with
5



respect to the SB guidelines. Less than 10% of survey respondents from the Canadian
population were aware of PA guidelines, and less than 5% were aware of SB guidelines.
Online metrics showed that online accession of the gidélSa ¢l &8 KA3IK 6 Sod3d
I 00S&daasSRe 2y 22daNyYyIt ¢SoairiSaved ¢KAa NBOAS
SB guidelines is low amongst the general population, but higher amongst the scientific
and stakeholder community. Governmental, ngaverrmental, and stakeholder
organizations should collaborate in creating sustained,@ngn and weHlresourced
communication plans to reach the Canadian population to raise awareness of PA and SB
guidelines and implement programs to facilitate their uptake.

1.3.2Background manuscript 2Are participant characteristics from ISCOLE study sites
comparable to the rest of their country?

This manuscript has been submitted for publication in a special issue of the

International Journal of Obesity. The purpose of thislgsia was to examine the

similarities and differences between participant characteristics from ISCOLE sites and
data from nationally representative surveys from ISCOLE countries (Australia, Brazil,
Canada, China, Colombia, Finland, Kenya, India, PorBmah Africa, the United

Kingdom, and the United States). Distributions of characteristics were assessed within
each ISCOLE courgyel database, and compared to published data from national or
regional surveys, where available. Of 12 countries, dataeght status (BMI) were

available in eight countries, data on measured PA (steps per day) were available in five
countries, and data on setéported ST were available in nine countries. Available

country-specific data often used different measurement lwor cutpoints, making

6



direct comparisons difficult. From the analyses performed, the ISCOLE data do not seem
to be systematically biased; however, due to limitations in data availability, data from
ISCOLE should be used with appropriate caution whempig countrylevel population
health interventions. This work highlights the need for harmonized measurement tools
around the world while accounting for culturally specific characteristics, and the need
for collaboration across study centres and reseagobups.
1.3.3Manuscript 1:Canadian physical activity and screen time guidelines: do children
know?
This manuscript is under review at the Journabohool HealthThis study aimed to
determine the proportion of Canadian children who could correctly idengfiyadian PA
and ST guidelines. Data were obtained through the Canadian Assessment of Physical
Literacy (CAPL) (n=787, 46.6% boys) and a CARamsple of the International Study of
Childhood Obesity, Lifestyle and the Environment (ISCOLE) (n=223, 38s)%/tusy
children (71.6%) correctly identified PA guidelines; 20.0% correctly identified ST
JdzA RSt AYySad LYy FFR2dzaiSR Y2RSfasx OKAf RNByQa
differ by habitual activityThis study showed thatgardless of habiti activity level,
the majority of children correctly identified current PA guideliniesver children could
identify ST guidelines.
1.3.4Manuscript 2: Correlates of objectively measured sedentary time and-self
reported screen time in Canadian children
Thismg dza ONRA LJ0 Kl & 0SSy LlJzofA&aKSRXZ YR Aa GKA
of Behavioral Nutrition and Physical Activity, 2015; 12*3the objectiveof this paper

7



was to identify correlates of SED and correlates ofreglorted ST in Canadian children.
Participants with complete demographic, anthropometric, and either SED (n=524, 41%
boys) or ST (n=567, 42%\s) data fom the CanadiahfSCOLEite were included in
analysisPotential correlates of SED and ST were examined using multilevel general
linear models, adjusting for sex, ethnicity, number of siblings, and -s@anomic status
with school as a random effect. @hven averaged 8.5 hours of daily SED; no differences
in total SED, or total ST were seen between girls and boys, but boys reported
significantly more video game/computer usage than girighe final modelswaist
circumference and number of TVs in thenhe were the only common correlates of

both SED and ST. Several factors were identified as correlates of SED and/or of ST in
Canadian children; however, few correlates were common for both SED and ST, and for
both boys and girls. This suggests thaingé strategy to reduce SED and ST is unlikely
to be effective Future work should examine a variety of other regreen based

sedentary behaviours and their potential correlates in the hopes of creating tailored
public health messages to reduce SED and Batinboys, and girls.

1.3.5Manuscript 3:Correlates of total sedentary time and screen time ifl9 yearold
children around the world: The International Study of Childhood Obesity, Lifestyle and
the Environment

This manuscript has been publishedPLoS ONEhe aim of this study was to

investigate correlates of SED and ST in children from 12 countries around the world. The
sample included 41 yearold children from ISCOLE study sites in Australia, Brazil,

Canada, China, Colombia, Finland, India, KenyaydrdrtSouth Africa, the United
8



Kingdom, and the United StategShildren with complete demographic, anthropometric,
accelerometer determined SED, and selborted ST data were included in this analysis
(n=5,844, 45.6% boys)okential correlates of SED ai®T were examined using
multilevel general linear models, adjusting for sex, age, and highest parental education,
with school and study site as random effects. Children averaged 8.6 hours of daily SED,
and 54.2% of childreexceedecturrent ST guidelinesfo XH K2 dzZNB K RIF&® Ly |
boys reported higher ST, were less likely to meet ST guidelines, and tended to have
higher BMI zscores than girldn several study sites (9/12), gidagaged in significantly
more SED@han boys. Common correlates agher SED and ST across the total sample
included weight status, having a TV or a computer in the bedroom, and not meeting PA
guidelines. Many common correlates of SED and ST were identified, some of which are
easily modifiable (e.g., removing TV or congydtom the bedroom), and others that
may require more intense behavioral interventions (e.g., meeting physical activity
guidelines).
1.4 Contributions of this work

This dissertation provides a comprehensive look at awareness of public health
guidelines, an@B in children. We showed that among children, awareness of PA
guidelines is high, but ST guidelines is low, and that their awareness was not associated
with accelerometer measured physical activity or clnégorted screen time. We also
identified correldes of increased SED and ST in Canada, and around the world. We were
able to identify some common correlates of SED and ST. Some of which may be easily

modified through public health messaging, and others that may require more in depth

9



behavioral intervenibns. Overall, several recommendations were made for future work
including to continue to monitor andvaluateindicators of healthy active livingo

harmonize data collection strategies; to ensure timely updates to guideline and policies;
to strive for ontinual improvement of physical activity and sedentary behavior
guidelines; and to refine measurements of SB. Results of this doctoral dissertation have
been, and will be disseminated through peer reviewed publications, and conference
presentations with dditional outreach through various social media outlets. It is also

hoped that the work presented herein may inform future research.
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Chapter 2
Review of literature
2.1 Introduction and background

This Chapter aims to prepare the reader with adequate background information
to interpret the importance of the manuscripts presented in this dissertationeHer
provide the comprehensive definitions of terms used throughout this work, current PA
and SB guidelines, an overview of the health implications of a sedentary lifestyle, the
conceptual framework that has informed the development of this work, and the
importance of understanding correlates of SB to inform future interventions.

Although this work will focus primarily on SED and ST, it would be impossible to
provide the reader with adequate background information without also acknowledging
the importance & PA.Engaging in habitual PA is widely accepted as an effective
preventative measure for a variety of health risk factors across all age, gender, ethnic,
and socioeconomic subgrouf8.However, across all age groups, levels of PA remain
low*® and levelof sedentarism continue to ris&® Taken together, these lifestyle
habits threaten the persistent increase in life expectancy enjoyed over the past
century’

2.2 Physical activity and sedentary behaviour in population health

With the explosion of research the field of SB over recent years, and with the

wealth of information available on PA research, it is important to provide context as to

how these terms have been used throughout this work. Chapter 1 provided a brief
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definition of PA and SB, but to helpide the reader, the following comprehensive
definitions are provided for population health, PA, and SB.
2.2.1Definition of population health

Population health is a relatively new term and can be described as an approach
that aims to shift from a focus on hehltare for individuals who are ill, to improving the
health of an entire population, by treating health as a state of complete physical, mental
and social welbeing, and by reducing health inequities among population grétifs.
Kinding and Stoddart sugsfea framework (Figure 2.1) to better understand the
components of population healthThis is included to show how policies or
interventions that are suggested within this dissertation can have an effect on a broader

population level.

Distributians of health Patterns of determinants,
indicators and putcames in (€ m > indicators, and outcomes of
a population health cwer the life course

Palicies and interventions at
the individual, regional, and
national level

Figure 2.1Compaments of Population Health Research adapted from Kinding and
Stoddar
Within population health, there are clearly many different research foci. In 2012,
The Lancetlevoted a special issue to PA and public health research, bringing it into the
spotlight!! PA and public health research require coordinated efforts by many different
scientific disciplines including epidemiology, exercise (and now sedentary) physiology,
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environmental and health science, sociology, and urban plandirtte framework
proposed byKinding and Stoddart helps to illustrate how an interdisciplinary approach
may work to change policies that may ultimately improve health.
2.2.2 Definition of physical activity

PA refers to any bodily movement produced by skeletal muscles that requires
energy expenditurel? physicalinactivity refers to the absence of recommended levels of
PA or exercise, usually measured by not meeting prescribed PA guidelines described
below and in Table 2.1 and included as Figure 2.4. PA is usually prescribed using the FITT
principle (Frequency, Intensity, Time, and Typahd in accordance with PA
guidelines'* The FITT principle and current Canadian PA guidelines are described below.
2.2.3 Definition of sedentary behaviour

In recent years, we have seen a proliferation of reseaetdted to the health
impacts of SB, and sedentary physiology has become a distinct field of‘3Reygently,
GKS {. wSaSINOK bSi62N] LINRLIRZASR I &Gl yRIN

%

YR &aSRSy i '°Nieseadimtiond hagedabcbngemmon in the literature,
K

FYR FNB 6KIFEG ¢la dzaSR (G2 AYyTF2NX (KA& 62N @
that requires little to no energy expenditure iXm ®p a9¢av | yR 2 OO0OdzNE&
NBE Of Ay S R6Totdl sedentanptiyhé can be further classified by a variety of

activities such as reading, watching television, or using the computer. Similarly 88PA,

is prescribed using the SITT principledéhtary behaviour, Interruptions, Time, and

Type}® and in accordance with SB guidelines (described below and in Table 2.1 and

Figure 2.5} The SITT principle and current Canadian SB guidelines are described below.
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For this work, three terms will be uddo describe sedentarism: SB, total sedentary time
(SED), and screen time (ST).
1 Sedentary behaviour (SB) as defined by the Sedentary Behaviour Research
Network, includes all behaviours that require litie-no energy expenditure
(i.e.,>.5 METS) that occur in the sitting or reclined posifit8B can be directly
measured (e.g., via accelerometers or inclinometers);regibrted, or a
combination of many different measurement tools.
1 Total sedentary time (SED) includes total daily sealgrtime measured via
accelerometry, as determined by widely used-points® SED does not
distinguish between discretionary time and time at school (or work) and is
associated with limitations of accelerometry (discussed later).
1 Screen time (STcludes any time children are engaging in sedentary, screen
based activities, including watching TV, playing seated video games, and using
the computer during their free time. For this dissertation, ST was measured via
child-report questionnaire. ST does noiciude time children spend using
screens at school, or for homework, or the use of active video games.
2.3 Physical activity and sedentary behaviour in children and youth
2.3.1Physical activity

Current data suggest that a large majority of children around thechamt not
meeting current PA guidelines from Canafithe U.S.°the U.K2° Australia?! and the
World Health Organizatioff. For example, selfeport measures from the Global School

based Student Health Survey and the Health Behaviour in Saged| @ildren Study
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conducted in 38 European countries, reported that only 20% ef3 8ear olds

participated in at least 60 minutes of moderate vigorousintensity physical activity
(MVPA) daily2 Accelerometer data from the Canadian Health Measures Siswggest

that only 7% of children and youth agedl® years participate in at least 60 minutes of
MVPA per day.This is consistent with Background Manuscript 2, which showed that
across all 12 study sites from the International Study of Childhood Oblei$ggtyle and

the Environment (ISCOLE), few children met current guidelines of 12,000 steps per day

(Figure 2.1, with additional details provided in Background Manuscript 2 in Appendix A).
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Figure 2.2Daily physical activity (steps per day) from ISCSudy sites and their representative countries.

LegendDark grey bars indicate data from ISCOLE participants; white bars represent deuatrgata. If no white bar, then
country level data were not available. Where available, data are presented flooys and girls. Horizontal black line
represents mean steps per day for all ISCOLE patrticipants; horizontal dashed line represents target of 12,000 steps per day
recommended to meet current physical activity guidelidéBata were included if it was tected via pedometer or
accelerometer, and presented as sample mean. Country level datasets included: Finland: Physical Activity of School Aged
Children?®> United Kingdom: Millennium Cohort StuéiCanada: Canadian Health Measures Sufug)8.: NationaHealth
and Nutrition Examination SurvéyAustralia:Australian National Children's Nutrition and Physical Activity SifVElye
Millennium Cohort Study also provided data for England: 10,147 steps per day compared to 9,982 steps per day in ISCOLE.
SeeBackground Manuscript 2 for additional details.
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2.3.2 Sedentary behaviour

Accelerometer results from the Canadian Health Measures Survey report that
Canadian boys, aged1® years are spending an average of 8.5 hours being sedentary
per day; girls aged-69 yeas are spending 8.7 hours being sedentary per‘dBlyese
high levels of sedentarism are not unique to Canadian children. Objectively measured
SED data from the National Health and Nutrition Examination Survey (NHANES) in the
U.S. show that boys agedl® years accumulate 6-8.9 hours of daily SED (with the
oldest children being the most sedentary); girls were slightly more sedentary
accumulating 6.8.1 hours daily for the same age groups (again with the oldest being
the most sedentary§.On average, acresall 12 ISCOLE sites, 54.5% of children exceeded
current screen time guidelines of no more th&@vo hours of screen time per day (Figure
2.3)17In many cases this was similar to what has been reported in other studies (see

Background Manuscript 2 in Appaix A for additional details).
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Figure 2.3Proportion of children exceeding screen time guidelines (>2 hours per day) from ISCOLE sites and their
representative countries.

Legend:Dark grey bars indicate data from ISCOLE participants; white bars repoesmtry-level data. If no white bar, then
country level data were not available. Where available, data are presented for both boys and girls. Horizontal black line
represents mean proportion of all ISCOLE participants who exceed screen time guiaingsy level datasets included:
Canada, Finland, the U.K., and the U.S.: Healthy Behaviors in-8ghddChildrer’® South Africa: Time of Use survéy;
Colombia: Instituto Colombiano de Bienestar Familiar (ICBF); China: China Health and Nutritigf' Buisteglia: Australian
Bureau of Statistic¥ See Background Manuscript 2 for additional details.
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With the widespread use of accelerometers, we are starting to understand the
effects of long bouts on sedentarism on acute and chronic health conditiorazlults,
long bouts of SED are associated with acute and chrothiealth, regardless of the type
of SB2334In children, limiting SB is associated with better measures of body
composition, fitness, selsteem, seklworth, pro-social behaviour andcademic
achievement®However, previous reviews have been informed primarily by reports of
screenbased behaviours. More recent studies using accelerometer data and markers of
cardiometabolic health have been less conclusizeidence from both clinicaind
population based studies have shown that in children, long bouts of SED are not
associated with acute elevations in cardi®tabolic health risk® BMI, or waist
circumference’’ thus raising the question that in children, if it is total SED or SpegBs
that are associated with poor health. Currently, the relationship between SB and health
seems to be at least partially mitigated by how SB is measured, defined, and
categorized.

2.4 Canadian physical activity and sedentary behaviour guidelines

CurrentCanadian PA guidelines for children and youth were released in 2011
and have been fundamental in providing the public with evideinéermed targets to
follow for health benefits, and have the potential to significantly contribute to
improvements in overdhealth across Canad&8All guidelines were informed by
systematic reviews of the literature. The development of the guidelines has been
recorded in detail and can be found on the Canadian Society for Exercise Physiology

website (vww.csep.ca/guidelings Currently, SB guidelines exist only for the early years,
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children, and youth. No SB guidelines exist for adults or older adults in Canada, or
elsewhere. Table 2.1 provides an overview ofgaielinedfor all age groups and SB
guidelines for the early years, children, and youth, and outlines the associated health
benefits of meeting the guidelines for all age groups. All groups were included to help

highlight current gaps, and show that regardless of agegréllowing the guidelines is

associated with good health.

Public facing information sheets for PA guidelines for children (ageldy®ars)

are presented below in Figure 2.4; information sheets for SB for children (agjgd 5

years) are presented in Figu2.5. Guidelines for youth (aged-1Z years) are the same

as the guidelines for children; however, thablic facingnessagingnd information

sheets areslightly different. For the purpose of this work, the guidelines and messaging

for children are maosrelevant.

Table 2.1 Canadian physical activity and sedentary behaviour guidelines.

Physical activity Guideline*

Associated
health benefit

Sedentary behaviour
guideline

Associated health
benefit

Early years (aged4)

Infants (aged less than 1 yea
should be physically active
several times dailg
particularly through
interactive floorbased play.

Toddlers (aged-2 years) and
preschoolers (aged-3 years)
should accumulate at least
180 minutes of physical
activity at any intensityspread
throughoutthe day, including:
- Avariety of activities
in different
environments
- Activities that
develop movement
skills

In this age
group, higher
levels of physical
activity are
associated with
improved
measures of
adiposity, motor
skill
development,
cognitive
development,
psychosocial
health, bone and
skeletal health,
and indicators of
cardiometabolic
health#°

For healthy growth ah
development, caregivers
should minimize the time
infants (aged less than 1
year), toddlers (aged-2
years), and preschoolers
(aged 34 years) spend
being sedentary during
waking hours. This
includes prolonged
sitting or being
restrained (e.g., stroller,
high chair) for more than
one hour at a time.

For those under 2 years,
screen time (e.g., TV,

computer, electronic

Limiting seéntary
behaviour (especially
screen time) in the
early years is
associated with
better measures of
adiposity,
psychosocial health,
and cognitive
development?®?
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- Progression toward
at least 60 minutes o
energetic play by 5
years of age.

More daily physical activity
provides greater benefit®

games) is not
recommended.

For children 24 years,
screen time should be
limited to under one
hour per day; less is
better.*

Children (aged1 years) and

youth (aged 17 years)

For health benefits, children
aged 511 years, and youth
aged 1217 years should
accumulate at least 60
minutes of moderateto
vigorousintensity physical
activity daily. This should
include:

- Vigorousintensity
activities at least 3
days per week

- Activities that
strengthen muscle
and bone ateast 3
days per week

More daily physical activity
provides greater health
benefits4

For children and
youth, higher
levels of physical
activity are
associated with
better measures
of cardic
metabolic
health, adiposity,
bone health, and
mental health.
Futher,
associated
health benefits
increase with
increasing levels
of activity,
especially when
the activity is
primarily aerobic
in naturel

For health benefits,
children (aged 8.1
years) and youth (aged
12-17 years) should
minimize the time they
spend beng sedentary
each day. This may be
achieved by
- Limiting
recreational
screen time to
no more than 2
hours per day;
lower levels are
associated with
additional
health benefits
- Limit sedentary
(motorized)
transport,
extended sitting
and time spend
indoors
throughout the
dayl’

Reducing sedentary
behaviour (especially
via reduced screen
time) is associated
with better measures
of body composition,
cardiorespiratory and
musculoskeletal
fitness, academic
achievement, seif
esteem, and social
behaviours®®

Adults(aged 1864 years)

To achieve health benefits,
adults aged 1&4 years
should accumulate at least
150 minutes of moderateto
vigorousintensity aerobic
physical activity per week, in
bouts of 10 minutes or more.

It is also beneficial to add
muscle and bne
strengthening activities using
major muscle groups, at least
2 days per week.

More daily physical activity
provides greater health
benefits!4

For adults aged
18-64 years,
following the
guidelines is
associated with
significant
reductions in the
riskof alkcause
mortality,
cardiovascular
disease, stroke,
hypertension,
colon and breast
cancer, and type
2 diabetes®

None available

Not applicable
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Older adults (65 years and older)

To achieve health benefits
and improve functional
abilities, adults age@5 years
and older should accumulate
at least 150 minutes of
moderate to vigorous
intensity aerobic physical
activity per week, in bouts of
10 minutes or more. It is also
beneficial to add muscle and
bone strengthening activities
using major muscle grogp at
least 2 days per week.

Those with poor mobility
should perform physical
activities to enhance balance
and prevent falls.

More daily physical activity
provides greater health
benefits4

In older adults,
following the
guidelines is
inversely
associagd with
major chronic
disease such as
coronary heart
disease, type 2
diabetes,
depression,
certain cancers,
dementia,
disability, and
loss of functior?

None available

Not applicable

*Guidelines are presented verbatim with permission from CSEP diremi.csep.ca/quidelines

2.4.1Physical activity guidelines

Current Canadian PA Guidelines for Children and Youth recommend that children
(aged 511 years) and youth (aged-1Z years) accumulate 60 minutes of MVPA daily
(Fgure 2.3). The guidelines also suggest that children and yinatiiporate vigorous
intensity activities, and activities that strengthen muscle and bone, at least three days
per week!4 Meeting the guidelines is associated with better measures of cardio
metabolic health (i.e. blood pressure, cholesterol, and metabolic syndrome),
overweight/obesity, bone health, and mental healthssociated health benefits
increase with increasing levels of PA, especially when this activity is primarily aerobic in
nature?! Finally, establishing proper PA habits at an early age can help children and

youth maintain high levels of PA as they transition through adolescence into adulthood,
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contributing to the prevention of a wide range of-aworbidities (e.g. type 2 diabetes
mellitus, cardiovascular disease) later in fifg?

Operationally, guidelines can be prescribed with help from the FITT principle
(i.e., Frequency, Intensity, Time, and Typ&requency refers to how often an
individual should be engagingtime activity. For children and youth, it is recommended
that they accumulate 60 minutes every day. The intensity of PA is important and refers
to the rate at which the activity is being performed and the relative magnitude of effort
required. It appears that activitiesf at least moderate intensity are most beneficial for
health. In children and youth, MVPA has been defined in a variety of ways, and using
many different cupoints! The lower threshold for moderatmtensity is most
commonly defined as 4 METSs (or 4 tertleir resting metabolic rate), and the most
common threshold for vigoroumtensity activity is defined as 7 METs (or 7 times their
resting metabolic rate).Time refers tahe duration ofactivity, for children, it is
suggested that they accumulate atlst 60 minutes per day, and this can be done in
bouts of any length to account for the sporadic nature in which children move and play.
Finally, type refers to what kind of activity, such as strength training, aerobic, or balance

and flexibility?3
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Canadian Physical Activity Guidelines

FOR CHILDREN - 5- 11 YEARS

— QGuidelines N

For health benefits, children aged 5-11 years should accumulate at least
60 minutes of moderate- to vigorous-intensity physical activity daily. This

should include:

Vigorous-intensity activities at least 3 days per week.

More daily physical activity provides greater health benefits.

@ Activities that strengthen muscle and bone at least 3 days per week.

- /
Let’s Talk Intensity! Being active for at least 60 minutes
Moderate-intensity physical activities will cause children daily can help children:
to sweat a little and to breathe harder Activities like: *  Improve their health

*  Bike riding + Do better in school
*  Playground activities *  Improve their fitness
+  Grow stronger
Vigorous-intensity physical activities will cause children *  Have fun playing with friends
to sweat and be 'out of breath’. Activities like: »  Feel happier
*  Running * Maintain a healthy body weight
* Swimming * Improve their self-confidence

+  Learn new skills

Parents and caregivers can help to plan their child’s daily activity. Kids can:

M Play tag — or freeze-tagl M Play an active game at recess.
M Go to the playground after school. Go sledding in the park on the weekend.
M Walk, bike, rollerblade or skateboard to school. Go "puddle hopping” on a rainy day.
60 minutes a day. You can
c" ‘ CSEP|SCPE

THIE GOLD STANDARD I EXERclSE
SCEMCE AND PERSONAL TRAIMING

P&Hﬂﬂﬂ&mﬂﬂ www.csep.calguidelines

help your child get there!

Figue 2.4.Canadian Physical Activity Guidelines for Children (agedygarsy*
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2.4.2 Salentary behaviour guidelines

In addition to the development of new PA guidelines for children and youth, the
Canadian Society for Exercise Physiology, in partnership witHehihy Active Living
and Obesity Research Group and ParticipACTION, released the Canadian SB Guidelines
for Children (aged-41 years) and Youth (aged-12Z years) in 201¥’

Canadian Sedentary Behaviour Guidelines for Children (agédydars) and
Youth(aged 1217 years) state that children and youth should minimize time spent
being sedentary, including limiting ST to no more thao hours per day, and limiting
passive transport, prolonged sitting, and time spent indoors (Figure'2.3).
Operationallymeeting SB guidelines typically refers to children and youth who
accumulate no more thatwo hours of recreational screen time per day. Similarly to the
FITT principle to describe PA prescription, a SITT principle (i.e., Sedentary behaviour,
Interruptions, Time, and Type) has been suggested to describ® SBrefers to the
frequency, or number of bouts of sedentary time over a defined time period.
Interruptions refers to when sedentary time is broken up by being physically #etive.
Time refers to the tira, or duration of SB. And type refers to the mode of SB (e.qg.,

reading or watching TV).
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Canadian Sedentary Behaviour Guidelines

FOR CHILDREN - 5-11 YEARS

— Quidelines N

For health benefits, children aged 5-11 years should minimize the time they spend
being sedentary each day. This may be achieved by

Limiting recreational screen time to no more than 2 hours per day; lower
levels are associated with additional health benefits.

Limiting sedentary (motorized) transport, extended sitting and time spent
indoors throughout the day.

p. ~
The lowdown on the slowdown: Spending less time being sedentary can
what counts as being sedentary? help children:

Sedentary behaviour is time when children are doing very * Maintain a heatthy body weight
little physical movement. Some examples are: * Do better in school

* Improve their self-confidence

*  Have more fun with their friends

* Improve their fitness

* Have more time to learn new skills

* Sitting for long periods

* Using motorized transportation (such as a bus or a car)
+ Watching television

* Playing passive video games

* Playing on the computer

Cutting down on sitting down. Help children swap sedentary time with active time!

After School Phyysical Activity Bed Time
/] /] 9
Instead of driving, walk to Limit after school TV Instead of video games in the
school with a proup of kids watching. Plan time ayening, introduce the family to
from the neighbourhood. outdoors nstead! a new active game.
There is no time like right now for ‘7 ) ;I:SEP | SCPE
. . A QP TR
children to get up and get moving! PERTICIPACTION wicsap calguicaies

Figure 2.5Canadian Sedentary Behaviour Guidelines for Children (ad@é&dyBarsy’
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2.5 Awareness of current Canadian guidelines

Dissemination strategies for the currelRA and SB guidelines followed a similar
plan to that of previous guidelines with an initial media release followed by promotion
through researchers, health care providers, governmental andgavernmental
organizations, teachers, and those with an ierin healthy active living. To date, the
primary dissemination channel for Canadian guidelines has been through mass media
campaigns including print, television and radio campaigns, and websites. Previous work
has shown low awareness of PA guidelineSanada and elsewhefé*° but since the
new Canadian guidelines were released in 2011 and 2012, little work has been done to
gauge awareness or uptake. Therefore, part of the background work to inform this
thesis was to conduct a comprehensive reviewrudwledge and awareness of current
guidelines.

Background Manuscript 1 (Appendix B) showed that unprompted awareness of
the guidelines, at about 4%, has remained relatively unchanged from awareness of the
previousguidelines. This suggests that thus fassémination of the guidelines has not
been adequate to penetrate awareness within the general public. More encouragingly,
among healthrelated organizationsawareness of Canadian PA guidelirsdsgh
(80.7%¥° Future work should aim to understand howganizations use the guidelines
and seek ways that these organizations can help with awareness and knowledge levels
in the general population. These organizations should also be recruited to help

disseminate guideline information to their respective netk®r
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Overall, awareness of the PA guidelines was higher than awareness of the SB
guidelines. Low levels of awareness of the SB guidelines may be in part due to the
terminology used. Although people may be familiar with the concept of screen time
(i.e., television, video game, or computer use), they may not be familiar with the
concept of SB as a distinct health risk facfdeurthermore, influencing decisions to
adopt a new behaviour (e.g., reduce SB) may require different promotion and messaging
strategiesthan influencing the decision to discard an old innovation (e.g., continue to
follow the old PA guides). It may also be true that awareness of the PA guidelines is
higher simply because they have been around for a longer time, and people have had
more time to become familiar with them.

Overcoming low awareness of the guidelines will require collaboration and
partnerships with those from public health, health promotion, and academic sectors
GAOK aLISOAFAO AGNI 0S3IASa G 2styleNehaviduis$ie.] G oK ?2
the need to meeboth PA and SB guidelines). However, it is important to remember
that PA guidelines and messages alone are unlikely to curb the epidemic of inactivity.
After becoming aware of the guidelines, individuals still needave an intention to be
active, shoriterm behaviour changes through increased PA and decreased SB, and long
term success in maintaining healthy lifestyle behaviours. Detailed population health
advocacy and intervention programs with sustained suppwoetléely required for this
to occur.

Most work that has been done to assess awareness or uptake of the guidelines

has focused on the guidelines for the early years, children, and youth, with little work
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focusing on the guidelines for adults or older adulfo augment the potential impact of
future updates to the guidelines, detailed dissemination and promotion strategies with
sustained support are required and efforts should be made to assess and monitor
awareness and uptake across all age (and poteyntigghder) subgroups. To maximize
efforts, dissemination should be conducted through intersectoral partnership between
federal and provincial governments as well asgavernmental and netor-profit
groups.
2.6 Conceptual framework

Thisresearchwas largelyy T 2 N¥ SR 06¢& (g2 lFaadzYyLliazyay
habitual behaviours are a result of multiple competing and interacting influences; and 2)
public health messages to improve habitual behaviours are only beneficial if they are
known to the general public (ihaling, but not limited to the children, parents,
caregivers, and health care providers). Both of these assumptions suggest that children
are not completely autonomous and rely on interactions and information from outside
sources (e.g., their parents, thieichool environment) for healthy growth and
development. For this reason, an ecological framework was used to help guide my
research plan and analysis.
2.6.1Ecological framework

Ecological models are believed to provide comprehensive frameworks for
understandng multiple interactions and influences of behaviour. Early work to explain
the ecological frameworksedr Wae&adSyYya GKS2NEQ I LILINERIF OK |\

of environmental influences: 1) the microsystem includes interactions among work
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groups anddmily members; 2) the mesosystem includes the physical family, school and
work setting; and 3) the exosystem, which includes the larger social system of culture,
politics and economic®. Krieger has expanded upon this to include other aspects of
social béaviour and eliminate the idea of proximal versus distal influefi¢&he

suggested the need to understand the origins of population risk factors and their
implicatiors for population health. That group patterns are not simply the sum of
individual traitsand choicesbut influenced by varying degrees at different leviéls

Further, a central thought to all ecological models is that nfalteted, multilevel
interventions are needed to support sustained behaviour chatige.

Ecological models have oftendreadapted to help understand public health
research. Specifically, the ecological model has been used frequently by public health
researchers to help explain the relationship between intrapersonal (biological,
psychological), interpersonal (social, cu#tlr organizational, community, physical
environment, and policy factor®.Because of the influence of many factors in the
broader social context, ecological approaches have become prominent in PA and SB
research?®58 Sallis et at’ has proposed a modébr health behaviourspecifically for PA
(Figure 2.%. This work is highlighted here to provide the reader with some historical
context. Although the focus of this dissertation is on SB, the work to deagiop
ecological model for activieving by Sallist al. has been key in advancing health
behaviour research and was used to inform a proposed ecological model f6TB8.
ecological model proposed by Owen et al. describing SB is outlined in detail below and

shown in Figure 2.%
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2.6.2Determinants of actie living and sedentary behaviour

Early research examining correlates of active living were limited to those in the
fields of physical education, physiology, and health, and were often limited by small
sample sizes, modest effect sizes, and poor@mnm follow-up.>” As the field of active
living expanded to include other disciplines (e.g., epidemiology, urban planning), so did
our understanding that the associations between lifestyle habits and health outcomes
were complex. Therefore, recent work has sugjgd the need for multilevel
interventions targeting all levels and the interactions between individuals, social
environments, physical environments, and polidiéSallis and colleagues used findings
and concepts from the fields of health, behaviouraésce, transportation and city
planning, policy studies and economics, and leisure sciences to create a model to help
understand he influences of PA

In his work to develop an ecological model of health behaviour, SalliSet al.
proposed four core pri®@A LI S&aY dam0 GKFG GKSNB ' NB Ydzf GAlL
health behaviors; 2) that influences on behaviours interact across these different levels;
3) that ecological models should be behavigpecific; and 4) that mulevel
interventions aremost effective iNOK I Yy 3Ay 3 % SKI @A 2 dzZNE &

Sallis et at’ suggest that the overarching domains of PA include leisure time,
active transport, household activities, and occupation (or school) activ@edts
developed the domains with adults in mind, ibey may be applied to all age groups,
although interventions or policy variables are likely distinct to smaller subgrdugps

children and youthFor example, leisure time, especially the after school period, is
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thought to be a critical time to increas®A in children and yout#.Active
transportation, defined as walking, biking;line skating, and skateboarding to get to
and from places such as school, parks and sHwsspbeen shown to be an important
contributor to increase habitual PRHouseholdactivities, such as chores, and family
based PA are important teachable moments to help children develop good activity
habits for the future School time, via partnerships with teachers, school officials, and
policy makers is seen as good time to take and@ge of a captive audience and
encourage increases in positive knowledge, attitudes, and beliefs surroundihigi$A.
also important to remember that children and youth are not (for the most part)
autonomous in their behaviours and are also influencedheyr parents, teachers, and
caregivers. The complex nature of childhood growth and development provides added
confirmation that ecological models are needed to describe their behaviour.

As mentioned, a similar model has been developed to understandmatants
of SB. Owen et &f.describe domains of SB to include occupation (or school),
transportation, leisure time, and household time. Of particular importance is the
behavioural setting and associated social contexts where sitting occurs. Some SB is of
course inevitable throughout the day (e.g., family dinners, going to school, doing
homework), but it is important to understand factors that are related to high, or
prolonged bouts of SB.

The model to describe domains of SB applies across most age ¢matuipss
important to remember that children are often not autonomous in their choices and

rely on parents, caregivers, and teachers to provide them with opportunities to
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decrease their SED. Children also lack the mental capacity to fully understand the
deleterious and longerm health effects associated with prolonged bouts of SB. The
concept of autonomy and cognitive understanding may be more important when
examining SB, since most childi@md adultskenjoy activities like watching TV or

playing videayames itmay beharder for parents to intervené?arents may also have
their own motivations for letting their children engage in ST as a means of babysitting
while they are doing chore3he model for SB may also need to be adapted for different
demograghics®® For example, those in loimcome or developing countries may not

have access to the same types of scrp@sed technology as those in developed or
highrincomecountries.Or, with programs like Netflix, watching TV may be considered

the same activig as playing on the computer since they can be both done on a laptop.
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2.7 Importance of studying sedentary behaviour in a population health context

There have been hundreds of studies examining PA and SB in children and youth.
However, with a great dersity in research designs, measurement approaches, theories
used, and variables tested, it becomes difficult to integrate the findings and update the
status of the knowledge in the fiekd.This reality limits the ability of subsequent
research to build o previous findings. It is particularly difficult i@tegrate knowledge
from crosssectional studies since no comment can be made on the direction of
causality®?

In medical research (e.g., disease pathology), the causal pathwlgnsquite
clear; oncea virus is treated, the illness dissipatewever, there are no, or very few,
OFrasSa Ay O0SKI@A2dzNIf NBaSHNOK gKSNBE (KS
the cases. This is further complicated by the possibility of multiple causal factors
influencing a particular behaviour, or with-thirectional relationships affecting both the
exposure and the outcome.

It is also possible that deliberate population health interventions do not have any
effect on a behaviour, or that changes in a behavioerdue to a change in an
unrelated shift in policy or natural environment that were not expected to have an
effect. Exposure to a factor does not necessarily lead to a change in the behavioural
outcome. This also means that causal pathways, and methodsdasuring them in
population health research is complex and less cféar.

The misinterpretation ofesults from a cross sectional study can be minimized
through analytical techniques, and by properly accounting for factors that may
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intervene on the causadathway between dependent and independent variables (e.g.,
mediators, confounders). Analytical techniques used throughout this work are discussed
in great detail in Chapter 3. In brief, this work will use primamibyjtilevel modeling

technique to properlyaccount for thehierarchicahature of the data collected in

ISCOLE. This allows us to examine the relevant distributions of health outcomes and the
distribution of variance in health outcomes that can be attributed to each level that has
been included ithe model.

Factors that may intervene on the causal pathway generally include mediators,
moderators, and confounders. An in depth discussion of these factors is beyond the
scope of this work, but brief definitions are provided as they are important tsider
in any epidemiological research. Mediators are factors that are on the causal pathway
between the dependent and independent variables (e.g. outside factors that also affect
the outcome of interest). There may be a single mediator, or a series cddiag
mediators to take into account. Confounders are variables that help to predict an
outcome, but are also associated with the exposure thereby distorting the true
magnitude of effect. There are likely many potential confounders to consider when
building a model (e.g., age, ethnicity). Moderators affect the strength of the relationship
between an exposure and an outcome. This is analogous to interaction terms and
requires analysis to be stratified by the potential moderator (e.g., stratifying the agsalys
by age group or sex). Bauman ef@has provided an excellent overview of the role of
determinants, correlates, causal variables, mediators, moderators, and confounders and

provides a useful schematic. This has been adapted in Figure 2.7. As mentioned
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although this work will not focus specifically on determining mediators or moderators of
SB, these terms are useful to properly understand when trying to interpret results from

epidemiological studies.

Mediator variables {M} A—r M, —»C
Confounder {B) A—» C
\ B /'

Moderator

Levels of moderator B1 A ¢

B2 A—»C

B3 A—» C

Figure 2.8Description of mediators, confounderand moderator®

2.7.1Correlates of sedentary behaviour in a population health context

Correlates of behaviour should not generally be thought of as causal factors, but
rather as possible predictors of differences in behaviours across gfé@pactically,
studying correlates of behaviour provides evidence to help design a behavioural
intervention study; theoretically, correlational studies can test the assumptions made in
various theories or models, which can then produce results to strengthen, or modify
these assumption&? Cross sectional studies provide an efficient means to test many
correlates at the same time. A recent review by Temmel and REbpes/ided us with
the most comprehensive list of studies examining correlates of objectively measured
SEDand self, or parentreported ST. Theigentified 64 studies examining correlates of
SB; however, only eleven reported on both acceleromeatezasured SED and self
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reported ST in the same populatiéhStudies included participants from around the

world (dthough predominantly the United States), but none of the 64 studies included
data from Canadian children. Of the eleven studies examining both SED and ST, age, sex,
ethnicity, socieeconomic status, and day of the week (weekend versus weekday) were
signifcant correlates of both SED and ST. Physical maturity was a correlate of SED only;
whereas urban versus rural living, neighborhood satisfaction and safety, access (e.g., to
a television), sleep duration, and sefteem were correlates of ST only. Othterdses

that have explored associations with ST have identified age,-sgoioomic status,
singleparent households, ethnicity, and sex as important correl&té8Studies that

have examined correlates of SED have shown significant associations wititap&ié|,

TV viewing, and computer u§éThe work presented in this dissertation will aim to first
understand similarities and differences in correlates of SED and ST in a sample of
Canadian children, and then expand upon this by examining correlatestinipants

from the 12 ISCOLE study sites. It is hoped that this may help to inform future
population health interventions to reduce SED and ST, and potentially be used to inform

more specific messaging related to Canadian SB guidelines.
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Chapter 3
Methodological Overview
3.1 Summary

This chapter presents a methodological overview, whiahmsab help the reader
understand the planning (from conception to analysis) that went into each manuscript.
Manuscripts 13 are presented in Chapter 4 and Background Manuscripts 1 and 2 are
presented in the Appendix A and B respectively.

All manuscriptsicluded in Chapter 4 used data from ISCOLE; Manuscript 1 also
included data from the Canadian Assessment of Physical Literacy (CAPL). As part of my
doctoral training, | assisted with all areas of data collection for ISCOLE Canada and CAPL.
Data collectiorfor ISCOLE occurrém October 2011 until December 2013, with data
collection for the Canadian site occurring from fall 2012 until spring 2013. CAPL data
collection occurred from winter 2010 until spring 2013 with ISCOLE CAPL data collection
occurring inspring 2013. Involvement in data collection provided me with excellent
insight and thorough knowledge of the dataset before planning my statistical analysis.
wSaSINOK 9GKAOa . 2FNR FLIINRGIt ¢la 206GFAYS
Ontario and he University of Ottawa (Appendix C). Child assent and parent consent
were also obtained for all aspects of data collection (Appendix C).
3.1.1Project framework

Described in detail below, the work for this doctoral project was informed

primarily by data collged in the ISCOLE. This work focuses on influences of SED and ST,
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but information relating to other lifestyle and demographic information has been
integrated where appropriate.
3.2 Summary of research methods and datasets
3.2.1International Study of Childhood Obdy, Lifestyle and the Environment

The primary aim of ISCOLE was to determine the relationships between lifestyle
behaviours and obesity in a muttational study of 1§/earold childrent Further,
ISCOLE aimed to investigate the influence of higinder characteristics such as
behavioural settings, and the physical, social and policy environments, on the observed
relationships within and between countriéfata were collected on children from five
major geographic regions of the world (Europe, Africa, Americas, Asia, and the
Western Pacific) across 12 countries (Australia, Brazil, Canada, China, Colombia, Finland,
India, Kenya, Portugal, South Africa, United Kingdom, and United States) go#d of
recruiting at least 500 participants, agedl® yeas, from each study site. Data
collection sites are shown in Figure 3.1 and details on ISCOLE site and participant

characteristics can be found in Table 3.1.
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Table 3.11SCOLE country and participant characteristics.

Country National ISCOLE site Population of ISCOLE sit{ Participants Age (years) Weight status (96)
populatiort location locatiorP (n, % boys) (mean, SD)
Europe
Finland 5,442,322 | Helsinki, Espoo,| 1,060,701 536 (47.2%) 10.0 (0.4) Normal weight: 74.6
Vantaa Overweight/obese: 23.7
United Kingdom 63,705,000| Bath, North Eas{ 177,700 525 (45.1%) 10.4 (0.5) Normal weight: 68.5
Somerset Overweight/obese: 30.3
Portugal 10,562,178| Porto 237,584 777 (46.1%) 10.0 (0.3) Normal weight: 52.5
Overweight/obese: 47.2
Africa
Kenya 44354,000| Nairobi 3,138,369 563 (46.5%) 9.8 (0.7) Normal weight: 75.1
Overweight/obese: 21.1
South Africa 52,981,991| Cape Town 3,497,097 550 (40.1%) 9.8 (0.7) Normal weight: 71.2
Overweight/obese: 26.4
The Americas
Canada 35,158,304| Ottawa 883,391 567 (42.2%) 10.0 (0.4) Normal weight: 68.7
Overweight/obese: 30.8
United States 316,783,000| Baton Rouge 802,484 651 (43.2%) 9.5 (0.6) Normal weight: 58.4
Overweight/obese: 41.3
Colombia 47,262,816| Bogota 7,674,366 919 (49.4%) 10.0 (0.6) Normal weight75.7
Overweight/obese: 22.9
Brazil 201,032,714 Sao Caetano do| 149,263 584 (49.1%) 10.1 (0.5) Normal weight: 52.8
Sul Overweight/obese: 45.2
South Asia
India 1,242,456,566/ Bangalore 9,588,910 620 (47.1%) 10.0 (0.6) Normal weight: 61.5
Overweight/otese: 33.7
Western Pacific
China 1,362,620,526| Tianjin 10,290,987 552 (53.1%) 9.4 (0.5) Normal weight: 56.3
Overweight/obese: 41.2
Australia 23,235,207| Adelaide 1,212,982 528 (46.0%) 10.3 (0.5) Normal weight: 61.4
Overweight/obese: 37.9

apopuldion estimate accessed October 202Represents the population size of the city or general area where children were safipéight status defined by World Health

Organization cupoints.
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The first two manuscripts included as part of this dissertatamused on ISCOLE
Canada. ISCOLE Canada collected data on 567 children (mean age = 10.0 years) from the
greater Ottawa region in Ottawa, Canada. Manuscript 3 used data from the complete
ISCOLE datasédverall, data were available on 7,372 children; howetree analytical
sample used in each manuscript varied slightly based on participants with missing data.

The administrative framework and specific data collection protocols for ISCOLE
were clearly set out by the coordinating center at the Pennington Bthoad Research
Center, in consultation with each coun€@yérincipal Investigator, to ensure a high level
of quality control and to minimize measurement variation and bias between study
sites! ISCOLE sites made an effort to stratify their sample by itmt&af socie
economic status to maximize variability, and generally had a goal of including at least 20
schools, with approximately 230 children per school (500 children minimum per site).
Many countries included both private and public schools, algtoall sites limited their
data collection to large cities, and urban or suburban schools (i.e., no country collected
data from participants living in remote or rural areas, or attending rural schools). See

Table 3.2 for additional details on sigpecificdata collection strategie€Table 3.2).
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Table 3.2Sampling methods employed by International Study of Childhood Obesity,

Lifestyle and the Environment (ISCOLE) sites. Adapted from Katzmarzyk et al.

ISCOLE Sits

Sampling Strategy

Australia

A straified probability sampling frame was used, aiming to ensure that e&ar&de child had equal
chance of being selected. Schools were initially stratified into tertiles based measures ef socio
economic status. Schools were chosen randomly within eachetenttil the complete data from the
required number of children (200 children) from each tertile obtained.

Brazil

In the region of Sao Caetano do Sul, public schools represent the lowefesociomic strata, and

private schools reflect the higher soeégonomic strata. Random lists of public and private elemen
schools in the region were generated, and schools were selected for each list at a ratio of 4 (pulj
1 (private). Twenty schools (16 public and 4 private), wit228tudents per schoaVere sampled.

Canada

Schools were drawn from the Ottawa Region. Schools were stratified into four groups: English B
French Public, English Catholic, French Catholic). All schools within each stratum were invited t
participate and the first to reqgnd were included into the study until each stratum was filled.

China

Three regions (2 urban districts and 1 suburban district) of Tianjin city were selected and stratifig
according to three levels of soetronomic status. Within each stratum, 2 schwate selected
randomly from a list of all public schools, with a total of 6 schools to participate. Each school eng
an average sample size of-88 students.

Colombia

A list of public and private schools in Bogota were selected according to aitistusfion criteria
including school geography (i.e., urban), demographic characteristics (e.g., including both boys
girls), socieeconomic status, and school characteristics (e.g., school calendar). Schools were so
into high SES, middle SES awd 8ES and was designed to include at least 500 children from 20
schools.

Finland

The sampling frame was a complete list of primary schools in the cities of Helsinki, Vantaa and £
Schools were first stratified by city and then by area SES (highhbé®ell on soci@conomic
characteristics of their geographical location. From each of these 6 strata (city/SES), three to six
schools were randomly selected to represent the distribution of pupils and SES within the total
sampling area.

India

Based on dwol fee structure, a classification was made into low, middle and high-seoieomic
status. Three to four consenting schools were selected from each stratum. The children were sa|
to have at least 60 students from each school.

Kenya

Nonboardng primary schools from Nairobi County were stratified into public and private (boardi
schools were not sampled). The schools were then selected proportional to the distribution of pu
and private school attendance.

Portugal

There is little varialtity in socieeconomic status at the school level in Porto; thus schools were
randomly selected from a list provided by the North Regional Education Directory Board. Twenty
schools were sampled, and from each,drade students were sampled in order tave 2530
students in each school.

South
Africa

Participants were recruited through a list of all public schools within Cape Town. The list was str
according to SES quintiles and at least 4 schools were randomly selected from each stratumaflor
of at least 20 schools.

United
Kingdom

The sampling frame was a complete list of primary schools in the Bath and North East Somerse
regions. Schools were stratified according to size and ssgnoomic characteristics. From each

stratum, a proportioml cluster was selected. Specifically, schools were randomly selected using {
probability proportional to sizapproach and a reserést compiled to account for school withdrawa|

United
States

A complete list of public and private schools in EaspB&ouge Parish was assembled. Private
schools (collectively a stratum) were sampled separately. The public schools were sorted into qy
(strata) according to socieconomic status. Schools were randomly selected within each stratum
a minimumof 4 schools were selected from each stratum, for a total minimum of 20 school.
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Measurements were kept as consistent as possible across all studyosites
ensure data were comparable; however, some questions were modified to better reflect
the culture ofthe specific country (e.g., modifications of the dietated questions to
include local preferenceskome countrieslsoadded ancillary studies with additional
measures. ISCOLE Canada added two ancillary studies: the concurrent use of Actical
acceleroneters, and an assessment of physical literacy. Data from the Actical
accelerometers were not used in this analysis, but were collected as part of ISCOLE
Canada to allow direct comparison with the Canadian Health Measures Suribata
from the assessmerof physical literacy were used in Manuscript 1. Physical literacy
was measured using the CAPL batteryests, whichincluded theKnowledge and
Understanding Questionnaire, as well as additional physical measurements. Details on
CAPL measurements canfoend below.

The results of ISCOLE provide a robust examination of the correlates of obesity in
children, focusing on both sides of the energy balance equation (i.e., energy intake and
energy expenditure).Details on measurement tools and protocols canfbund below
and include accelerometery, anthropometrics, and questionnaires (both-cildl
parentreport, Appendices ). Additional details on ISCOLE methodology can be found
elsewhere!

3.2.2 Anthropometric measurements

Anthropometrics (i.e., standing arsitting height, weight, waist circumference,

upper arm circumference, percent body fat) were directly measured by trained and

certified ISCOLE researchers during each school visit. Table 1 provides additional details
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of each measure.

Table 3.31SCOLE #mropometric measurement table.

Variable Measurement tool Record in duplicate tg Range
(repeat if)
Standing height Seca 213 Portable Stadiometer Nearest 0.1 cm >0.5cm
Sitting height Seca 213 Portable Stadiometer, Nearest 0.1 cm >0.5cm
standardized bench
Waist circumference Anthropometric tape Nearest 0.1 cm >0.5 cm
Arm circumference Anthropometric tape Nearest 0.1 cm >0.5cm
Body weight Tanita Body Composition Analyzer{80) | Nearest 0.1 kg >0.5 kg
Body fat percentage Tanita Body Composition Algaer (S240) | Nearest 0.1% >2.0%

Heightwas measured using a Seca 213 Portable Stadiometer. Participants were
asked to remove their shoes, and stand with their back towards the stadiometer, with
feet together, their heels touching the base of the stad&ter, and their head aligned
in the Frankfort plane (i.e., so that there is a horizontal line from the ear canal to the
lower border of the orbit of the eye and it is parallel to the floor). Participants were
asked to stand as tall as possible, with measwents being taken at the end of a gentle
inspiration.

Sitting heightwas measured using a Seca 213 Portable Stadiometer and a
standardized bench. Participants were asked to sit on the bench, with their back against
the stadiometer, their legs hanging &ly, their arms resting on their thighs, and their
head aligned in the Frankfort plane. Participants were asked to sit as tall as possible,
with measurements taken at the end of a gentle inspiration. Sitting height was used to
calculate biological maturitgf each child via an estimation of somatic
maturatiorrcalculated by the percentage of predicted adult height, and maturity
offset®’ As ISCOLE is a crgsstional study, methods proposed by Mirwald et alere

used to predict maturity offset from agsex, sitting height, stature and body mass.
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Although part of ISCOLE, and important to mention here, maturity offset was only used
during preliminary data analysis as a covariate.

Weight and body fat percentaga&ere measured using a portable Tanita Body
Conposition Analyzer (SE40). Participants were asked to remove shoes, socks, and
any heavy accessories (e.g., large sweaters) before stepping on the scale. Th&Canita
240NBO2NRSR LI NGAOALI yiQa 062Reé $SAIKGSE 0A2SH
The Tanita SQ40 has shown acceptable accuracy for estimating body fat percentage
when compared with duagnergy Xray absorptiometry, supporting its use in field
based studie.The Tanita S€40 was also nointrusive and as such provided almost
no missiiy data.

Waist circumferencavas measured at the migdoint between the top of the iliac
crest and the bottom of the last floating rib using a relastic anthropometric tape.

The iliac crest and floating ribs were palpated by an ISCOLE researcher, and witrke

a washable marker. The mmbint between the marks was measured and marked and

GKS TYGKNRLR2YSUNARO GFLIS gl a LIXIFOSR FNRdzyR
enough to stay in place, but not so tight as to indent the skin. Waist circunder@as

measured after a normal exhalation. Children were measured behind a temporary

screen to provide privacy.

3.2.3Directly measured physical activity and sedentary behaviour

Recent technological advances have allowed for widespread use of
accelerometers tmbjectively measure time spent engaging in various activities.

Accelerometers, worn attached to a small belt around the waist, are small monitoring
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devices used to measure movement accelerations of an individual. During data
collection, the filtered movemat intensities were stored as an activity count for a user
ALISOATASR WS LI2opdpdrh dctyiity SoNdislwereused tdzdicilate each
LI NOAOALI yiQa @2tdzyS yR AydSyaaae 27F I OlA
the participant spehengaging in varying intensities of activities, including PA (of all
intensities), SED, and sleep was determifieotal sedentary time (SED) was defined as
Fff SLI2OKa akK2gAy3d Xup O2dzyida LISNI mp aS02y
Evenson et (i.e., sedentary: €25 counts/15 seconds, light: 2673 counts/15
seconds, moderat¢o-@A 32 NP dzaY xpTtn O2dzyiakmp &aSO2YyRAV
treated as a continuous variabl®lanuscripts 1, 2, and 3 utilized accelerometer
measured SED. Manugat 1 also included accelerometer measured PA. Manuscripts 2
and 3 included sleep and PA to better understand correlates of SED and ST, although
selfreport values of both sleep and PA were included in the final models.

ISCOLE participants were asked tawthe accelerometers on an elastic belt,
aligned above the right hip, 2dours a day, removing only when doing water activities
(e.g., bathing or swimming). Children were instructed to wear the accelerometers for
seven consecutive days. At least four slay valid measurements (including at least one
weekend day), with at least 10 hours of valid waking wear time per day, was needed for
data to be included in the ISCOLE datalfadenwear time was defined by monitoring
time with at least 60 consecutive mites of zero counts. Sampling rate was set to 80 Hz

with 1-second epoch lengths, aggregated tosetond epochs for analysigo increase

compliance, study staff instructed children how to wear the accelerometer during the
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initial in-school assessment, drconducted an igperson compliance checl¢2 days
after initialization. Further, participants were contacted twice via telephone (one
weekday evening and one week end day) to ensure they were wearing the device, and
to address any questions.
3.2.4Child and paent-report questionnaires

ISCOLE questionnaires included both efaitel parent report questionnaires.
TheDiet and Lifestyle Questionnaire (Appendix D) asked the child questions related to
dietary intake, PA, SB, and sleep; the Demographic and FastibyyHQuestionnaire
(Appendix E) and the Neighbourhood & Home Environment Questionnaire (Appendix F)
asked parents questions related to the home and neighbourhood environment. The
child-report questionnaire was administered during an ISCOLE selsipla the same
time that anthropometric measurements were taken and that accelerometers were
given out. The parenteport questionnaires were sent home with the child at the same
time as the parentonsent forms (i.e., prior to when the children were assessasd)the
child finished their survey, and after collecting the paresyort surveys, ISCOLE
researchers performed quality control checks on all parts of the questionnaires to
ensure there were no missing data or invalid responses. In the case that tlasre w
missing data, parents were contacted via telephone for clarification.

Childreported screen timavas determined from the Diet and Lifestyle
Questionnaire, with questions taken from the U.S. Youth Risk Behaviour Surveillance
Systemt-!1 Children were asdd how many hours they typically watched TV, and how

many hours they played video games and/or used the computer per week day, and per
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weekend day for recreatiohResponses were: 1 = | did not watch TV, 2 = Less than 1
hour, 3 =1 hour, 4 =2 hours, 5 h@urs, 6 = 4 hours, 7 =5 or more hours. Response
OFrGS3a2NRSa oSNB O2fflLJASR (G2 AyOftdzZRS m I X
K2dzZNEX FYR p I xp K2daNBE® ! gSAIKIGSR YSIy &
calculated as follows: [(hours of TV weekdays x 5) + (hours of TV on weekend days x
2) + (hours of video games and computers on weekdays x 5) + (hours of video games
and computers on weekend days x 2)]/7. For analysis, this is presented as a screen time
score, rather than total hours of Shse after 5 hours per day, we could not ascertain
GKS LI NIAOALIYyGQA FOldzrt Y2dzyld 2F {¢o

All data collection methods used in ISCOLE were approved by the relevant
research ethics boards at Pennington Biomedical Research Center, at each ISCOLE study
site, and at the respective school boards. A complete list of institutional research ethics
boards involved in the approval of this project can be found in Appendix G.
3.2.5Representativeness of ISCOLE

By design, ISCOLE study sites were not intended to be represenvatine site
country! The primary sampling frame was schools, typically invited to participate in
order to cover a range of soegconomic status to maximize variability within study
sites. However, as ISCOLE representsrithst upto-date, largest, andnost
geographically diverse study of children around the world, we thought it was
interesting, and important, to understand how representative ISCOLE site samples were
when compared to available national samples. Therefore, the second part of the

background work that was completed to help inform this dissertation looked at the
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representativeness of ISCOLE participant characteristics in each country. The full results
of this work can be found in Appendix A and have been submitted for publication in a
specidissue of thdnternational Journal of Obesitin brief, the purpose of the
background paper wa® examine if data collected at ISCOLE study sites was
representative of the site country as a whole. In a broader sense, it is hopedihat t
work can be ged to better understand the limitations, potential biases and
generalizability of results of ISCOLE, and to understand current gaps in knowledge in
respective countries. More specific to the work presented within this dissertation, it was
hoped that by uderstanding if ISCOLE participants were representative of children
around the world, | could provide more significant and applicable public health
messages related to reducing SED and ST.

Of the 12 ISCOLE countries, five provided nationally representiiacon
objectively measured PA, nine provided data on-sgpiorted SB, and eight provided
data on weight status tallow comparison with the ISCOLE sample. The five ISCOLE
countries that were part of the Health Behaviours in Scrammd Children also pvaded
data on seHreported PADue to the limited availability of countgvel data, it is
suggested that ISCOLE data be used with appropriate caution when planning
countrywide population health interventions. However, for some countries, ISCOLE
currently provides the most upo-date and most robust data on obesity and PA in
children. This work has identified the paucity of comparable country data around the
world and highlighted the importance of large, muititional studies like ISCOLE.

3.2.6 Canadian Assessent of Physical Literacy (CAPL)
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The CAPL is a battery of tests designed to assess physical literacy, or the capacity
to achieve a healthy, active lifestyle, in children and yddithe CAPL assesses physical
literacy with four key domains: fithness (endumce, strength, flexibility, body
composition), motor skill (gross motor skills), habitual activity (pedometer measured PA,
seltreported SB), and cognition (attitudes, knowledge, and motivatibhak part of
the CAPL, children are asked to complete adaedge and Understanding
guestionnaire, with questions relating to their awareness of current Canadian PA and SB
guidelines.

CAPL data used for this project were collected across elementary schools in
2011-2013 in Ottawa, Canada. Initial CAPL data dadle@ccurred between 2012012
and included students in gradeso4from elementary school across the greater Ottawa
area (n=680, 47% boys, mean age = 10.1 years). Additional CAPL data collection
occurred as an ancillary study as part of ISCOLE Cablaldaen from the English
Catholic and English Public school boards who consented to participate in ISCOLE were
asked if they would like to participate in CAPL with a recruitment goal of 200 children
(actualn=229, 37% male, mean age = 10.0 years). Accelg¢esrdata on PA, SED, and
sleep were taken for these participants from the ISCOLE database.

Data used for the current analyses were taken frili® Knowledge and

Understanding questionnaire (Appendix H dntps://www.capl-ecsfp.ca/capl

manualfpreviously named the Cognitive Domain Questionnaidichwas
administered during class time by a trained researchbild@&n were askedhe main

messages of current PA and SB guidelines. It is important tatimatéhe questionnaire
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focused orthe main message of the PA guideline (i.e., participating in 60 minutes of
MVPA per day), and about the ST within the SB guidelines (i.e., wakghhraursof
recreational ST per day). Children were not asked about all caveats of the guidelines.
Children were asked what they would do to improve a sports skill, what they
would do if they wanted to improve their fitness and what activity they wouldgre
do after school (e.g., watching TV or walking their dog) to reflect on their current activity
level, and to compare their skills related to physical activity to their peers. Additional
details on questions and data reduction procedures can be fanmdanuscript 1.
3.3 Analytical plan
SAS 9.4 (SAS Institute Incorporated, North Carolina, USA) was used for all
statistical analyses. Descriptive information (means, standard deviations, frequencies as
appropriate) was calculated for demographic and anthroptimeharacteristics of all
participants and their parents where applicable. Unpairddsts and chisquare tests
were used to test differences between boys and girls. For manuscript 1, in the ISCOLE
CAPL subsamplenalysis of covariance (ANCOVA) waglusedetermine the
relationship between habitual activity (MVPA, SED, and ST), and knowledge of
guidelines (PA and ST), and gmdfceptions of PAAIl manuscriptemployed nulti-level
general linear models (PROC MIXED) to account for the hierarchices oathe data.
All analysis will be done for the total sample, and then split by boys and girls to account
for known differences in levels of SED and ST, as well as differences in potential
correlatest* Presenting the analysis for boys and girls sepdyatey also provide

insights for future research.
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3.3.1Multilevel modeling- background

In the last twenty years, multevel modeling has become a popular analysis to
account for hierarchically organized daf&'’ For example, it is not uncommon to
collect ddaa on students, nested within schools, and schools nested within school
boards. To ignore the hierarchical nature of these data can lead to erroneous
conclusions such as incorrect interpretation of the estimated variances, inflation of the
likelihood of m&ing Type 1 errors, and/or errors in interpretations of statistical
significancé? In the simplest terms, multilevel models can be thought of as simple
regression models occurring at different levels. Multilevel models can then differ by the
number of lewels that are included, the type of study design (e.g., cresstional or
longitudinal), the type of outcome variable (e.g., continuous, dichotomized), and the
number of exposure variablég Multilevel models can also be used to help understand
how muchvariance is occurring at each level of the mogitdis is explained in detail
below.
3.3.2Use in population health research

Multilevel modeling helps researchers understand how individuals are
influenced by their social context. Further, multilevel modeling lba used to
understand how groups are related to other groups, or how individuals are related to
each other within groups. This allows researchers to examine the relevant distributions
of health outcomes. The distribution of variance in a health outcohweikl be
calculated before the overall models are even built to understand how much variance in

the dependent variable can be attributed to each level that has been included in the
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model. To do this, interclass correlation coefficients (ICC) are calculatedy work,

ICCs were calculated to understand how much variance in level of SED and ST was due
to individual differences. This can also be used to determine the potential impact at
school or country level interventions. Finally, calculating the IC@speindent variables

can also show if a multilevel analysis is needed. If the ICC is zero, then no variation exists
at higher levels (e.g., school or country) and all the variation exists at the individual

level, in which case multilevel analysis is notuieed.

Table 3.4 provides a partial SAS output to show how to calculate interclass
coefficients were calculated in Manuscript 3 for SED (with both school and site as
random effects). Similar calculations were completed for Manuscript 2, and to
determine he variance in ST.

Table 3.4 SAS output to calculate interclass correlation coefficients.

Covariance Parameter Estimates
Cov Parm Subject Estimate
Intercept school_ID(SITE_ID) 433.82
Intercept SITE_ID 631.48
Residual 3781.01
ICGchool= ) 2school
’ 2estimateb 2si:hoolb 2s}te
= 433.82
4,846.31

= nonydp 6Fdo

ICGite = " Zsite
’ 2estimalteb 2sE:hooITD 2sfte
= 631.48
4,846.31
= ndmMmono o6f mMo:0
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This indicates that approximately 78% of the variability in total SED can deutdtt to
individual level differences, 9% can be attributed to school level differences, and 13%
attributed to country level differences. This information can also help when interpreting
and making recommendations for public health interventions.
3.3.3Model building process

A quick scan of recent research shows that there are many different approaches
to the model building process. However, the ultimate goal is always to estimate the
model(s) that best fit the data. Bell et #lprovide a comprehensive guide model
building using SAS (PROC MIXED). For this work, the model building process was partly
informed by the soci@cological model, as proposed by Owen €fdlhis is in line with
the assumptionthaD KA f RNBSy Qa KI oA Gdzl f adpl Komgesing dzZNE | NB
and interacting influences. Below is an example of the models that were used in this
work.

Table 3.5Model building proces8

Model 1 Model 2 Model 3

- No predictors, just the random - Model + level 1 random effect. - Model + level 1 and level 2
effect for the intercept - This is used in Manuscript 1, random effects.

- The output from this is used to keeping school as a random - This is used in Manuscript 3,
calculate the interclass effect. keeping school and ISCOLE sit
coefficients to understand how - Adding in different potential as a random effect.
much variance is occurring at correlates as they pertain to - Adding in different potential
each level different socieecological correlates as they pertaito

domains. different socieecological
- Can be used with, or without domains.
covariates. - Can be used with, or without
covariates.

First, the model is run with no predictors to calculate ICCs. Then, we added
various correlates, along with potential correlates we wanted to test. For manuscript 2,

17 potertial correlates were tested within the model; for manuscript 3, this list was
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expanded to include some additional neighborhood variables and included 21 potential
correlates. The majority of information for potential correlates was obtained via-child
and parentreport questionnaire. Details on all potential correlates, how the
information was collected, and how they were treated in analysis can be found in
Manuscripts 2 and 3. For Manuscripts 2 and 3, accelerometer measured SED, -and self
reported ST werencluded as dependent variables. To satisfy the assumption of
normality required in multilevel modeling, ST was log transformed for anafysis.

Analysis for SED and ST were completed separately. To test associations between
potential correlates and total $Eor ST, potentiadorrelates were first included in
univariate models (including relevant covariates); variables that were at least marginally
significant (p<0.10) were subsequently included in dorsgiecific models similar to
those outlined in the socicecological model proposed by Owen et al. for SER.,
biological characteristics, behavioural characteristics, parental characteristics, and home
and neighborhood environment). Variables that showed at least marginally significant
associations (p<0Q) with SED or ST in the domaipecific models were included in the
final model. Variables that remained significant (p<0.05) in the final model were
considered correlates of SED and/or ST. In Manuscript $haw differences in levels of
SED and ST be&wn boys and girls in each site, we ran sex by site interactions and
computed the least square means (LSMEANS) of fixed effects. We also ran the final
models separately in each ISCOLE site to determine which correlates were the most

common.
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Multilevel anaysis summarizes the distribution in terms of two payts fixed
part that is unchanging across groups, and a random part that is allowed to vary from
group to group. For Manuscript 2, school was treated as a random effect; Manuscript 3
had an additionaldvel and both school and ISCOLE site were treated as random effects.
This allowed us to calculate associations across the entire ISCOLE dataset. If we had
wanted to look at differences between countries, we would have kept ISCOLE site as a
fixed effect. Havever, since we were examining such a large number of potential
correlates, this was not feasible. Appendptdvides a sample SAS code that was run
with additional analysis notes.

Within the model statement, it is also important to specify which estiorati
should be used to handle degrees of freedom (of which SAS provides many options). A
more comprehensive explanation can be found elsewhere but it should be mentioned
that the two most commonly used estimates are Satterthwaite and the KenRager
becaue they are well suited to be uséd models with unbalanced designs and are able
to handle complex covariance structur®dheKenwardRoger approximation
(DDFM=KR) was used here as it also adjusts for small sample si¥¥e bias.
3.3.4 Strengths and limitations bmultilevel modeling

The biggest strength of multilevel modeling is that it allows for the simultaneous
examination of the effects of group level and individual level predictors on your
dependent variable. This helps researchers to avoid the ecologilzdyfawhich is
inherent in most other regression models. The ecological fallacy occurs when inferences

from the nature of individuals (e.g., reasons for increased SED) are deduced from
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inferences from the group to which the individual belorg®ultilevel models also tend

to outperform traditional regression in predictive accuracy. Further, traditional analysis
models can produce excessive Type 1 errors and biased parameter estfates.
However, multilevel modeling does come with some limitationst Birall, statistical
techniques used in multilevel modeling are relatively advanced and therefore difficult
for many researchers. The complexity of statistical knowledge needed to run multilevel
modelling also means that there is opportunity to misintexpfindings. Multilevel
modeling also assumes normality in dependent variables; meaning researchers may
have to transform (and back transform) their data for analysis and interpretation.
Finally, calculation of effect size is not as straightforward as etitar regression

models and currently no consensus exists to the most appropriate approach £ use.
Multilevel modeling procedures, as they relate to each manuscript, are explained

further in Chapter 4.
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Chapter 4
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4.1 Canadian physical activity and screen time guidelines: are children aware?

This manuscript has been written and formatted to adhere to the specifications for

submission to the Journal &chool Healtlicurrently under review).
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BACKGROND:A recent review reported that few parents, or caregivers are aware of
current physical activity (PA), or screen time (ST) guidelines. No study has examined
OKAf RNBYQa | gl NBySaado ¢KAa addzRé AYSR G2
children who cou correctly identify PA and ST guidelines.

METHODSData were obtained through the Canadian Assessment of Physical Literacy
(CAPL)(n=787, 46.6% boys) and a CAR&asuple of the International Study of
Childhood Obesity, Lifestyle and the Environment@ISE) (n=223, 38.1% boys). PA and
sedentary behaviour were measured by accelerometry; ST was measured vepsetf
RESULT®Most children (71.6%) correctly identified PA guidelines; 20.0% correctly
identified ST guidelines. The majority of children krikey should try exercising and
being more active to improve a sports skill (63.7%) or improve their fitness (88.2%). In
I R2dza 0 SR Y2RSfazx OKAftRNByQa loAfAaGe G2 O2N.
activity level. Adjusted models showed significassociations between PA, ST, and-self

perceptions of PA. No associations were found with sedentary time.
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CONCLUSIORegardless of activity level, children correctly identified current PA
guidelines fewer children could identify ST guidelines. Gives low proportion of
children meeting current guidelines, it may be beneficial to highlight them in the school

curriculum.
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With the aim of helpingparents, caregivers, and health care providers to
improve activity habits of children, the Canadian SocietyExercise Physiology (CSEP)
released evidencenformed Canadian physical activity (PA) and sedentary behaviour
(guidelines for children and youfis® The guidelines are based on the best available
evidence, and developed in partnership with researchgosiernment representatives,
and stakeholders from across Candda.

The PA guidelines recommend that children and yqé#hicipate in at least 60
minutes of moderateto vigorousintensity physical activity (MVPA) daily, including
incorporating vigorousntensity activities, and activities that strengthen muscle and
bone at least three days per weékleeting the guidelines is associated with better
cardiometabolic health, lower prevalence of overweight/obesity, and improved bone
health and mental health Sedentary behaviour guidelines recommend that children
and youth should minimize the time they spend being sedentary each day. Specifically,
the sedentary guidelines recommend limiting recreational screen time (ST) to no more
than 2 hours per day, limitg sedentary (i.e., motorized) transport, extended time spent
sitting, and time spent indoors throughout the day.

Since the release of the PA and sedentary behaviour guidelines, many studies in
Canada, and elsewhere, have examined the health benefitdradrang to the
JdzA RSEAYSAT K2¢gSOSNE ftAGOES 62N)] KlFa 0SSy
understanding of the guidelines. A recent review showed the paucity of research in this
area, and highlighted low awareness of PA and sedentary behavialgliges from

parents, the general public, and health care provide@arson et al’,examined
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paediatrician awareness, agreement, and use of the PA and sedentary behaviour
guidelines and reported thdess thanl0% of those sampled were familiar withetPA

and sedentary behaviour guidelines for the early years, children, and youth. Results
from a ParticipACTION report also showed low awareness of the guidelines among the
general population and mothefsEight percent of the general public and 12% of nsom
responded that they had heard of the PA guidelir#% of the general public and 3% of
moms had heard of the sedentary behaviour guidelifidse review was not able to
identify any studies that asked children directly about their knowledge, or
understandng of the guideline§.

The primary aim of this study was to determine the proportion of Canadian
children who could correctly identify current PA and sedentary behaviour guidelines
(specifically related to ST guidelines) in prompted questioning. Childees also asked
guestions about their sefberceptions of PA, and how they could improve their sports
skills and fitness level. In a subsample of participants, we examined if guideline
knowledge, or selperceptions of PA were associated with accelerometeasured PA,
accelerometer measured total sedentary time (SED), owreplirted ST.

METHODS
Participants
Canadian Assessment of Physical Literacy

The Canadian Assessment of Physical Literacy (CAPL) is a battery of tests

designed to assess physicali#éey defined here as the capacity to achieve a healthy,

active lifestyle, in children and youtH®Data used here were collected in 202012
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through elementary schools (gradesBlages 614 years) across Ottawa, Ontario.
Selected English Catholic schom Ottawa and English public schools in Eastern Ontario
were invited to participate in the CAPL assessments and all students in the classes who
volunteered to participate received a study information package to take home. The
information package expla@d the study procedures and included the parent consent
form. Children who completed the CAPL assessment were included in the current
analysis (n=787, 47.2% boys). This analysis included CAPL assessments for motivation
and confidence (measured via sedjport questionnaire), and knowledge, awareness
and understanding of PA (measured via-seffort questionnaire).
The International Study of Childhood Obesity, Lifestyle and the Environment

The International Study of Childhood Obesity, Lifestyle and the dmaant
(ISCOLE) is a muttational, crosssectional study conducted in 12 countries around the
world. Details on ISCOLE methodology have been published elsetinat for
ISCOLE were collected from Grade 5 students (agedy@ars) from four school bods:
English Public, French Public, English Catholic, and French Catholic across the Ottawa,
Ontario region. As part of ISCGC&nhada, the CAPL was administered as an ancillary
study such that schools from the English Public, and the English Catholtsstttad
participated in ISCOLE were invited to participate in CAPL until a sample size of 200
children was reachedata collection for ISCOEAPL occurred in spring 2013 with
about half of those who consented to participate in ISCOLE providing congpAéte
data (n=223, 38.1% boys). Additional information on daily activity (i.e., accelerometer

measured information on PA and SED,-sgtlorted ST), parental education, and
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maturity offset was also extracted for these children from the main 1S@abhada
database.

Ethics approval for CAPL, ISCOLE, and ISTARLE~Nas provided by the research
SGKAOA 62FNR |40 GKS / KAftRNByQa | 2aLmAalt 27
the participating school boards. Written informed parental consent and chddrds
were obtained from all participants.

Instrumentation
Knowledge of the guidelines and perceptions of physical activity

The Knowledge and Understanding questionnaitép6://www.capl-

ecsfp.ca/capimanual/) was administered during class time by a trained researcher;

children were instructed to read and answer the questions independently, but
clarification was provided if requested. The researcher emphasized that the questions
asked aboutthe childreda 2 gy 2LIAYA2yas GKFIG GKSNB 6SNB
and if uncertain, children should answer to the best of their knowledge (multiple choice
answers were provided). Questions regarding knowledge of PA and ST guidelines were
re-coded as binary varides to reflect correct (and incorrect) responses. It is important
to note that the questionnaire only asked about the main message of the PA guidelines
(i.e., accumulating 60 minutes of MVPA daily), and about the screen time within the SB
guidelines (i.e.limiting recreational screen time to no more than 2 hours per day). In
other words, children were not asked about all aspects of the guidelines.

Children were asked about what they would do to improve a sports skill, and

what they would do if they wantetb improve their fitness. For both questions, there
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GSNB F2dzNJ LI2aaArAofS NBaLRyaSayYy aNBFR F 6221
2NJ 6SAYy3a Y2NB T OUA@PSEs 2NJ adl 1S || fSaazyeod
prefer to do after school. AwSS NBE (G2 (GKA& l[jdzSadAzy 6SNB RAO
GFr OGADSe 6ASRSYGIFINERBY LIXIF& @GARS2k 02 YLlzi SNI 3
2YEAYST 41 00OK ¢+xT OGAGSY LI & gAGK FTNASYR
practice, walk my dog). Questis relating to sefperceptions of PA were asked on a
scale of 110 (1 being the lowest, 10 being the highest). Participant responses were
analyzed as a continuous variable but participant response rate is presented in tertiles,
to reflect the wording othe questions. Importance of increasing current activity is
LINSASYGSR FaY aLQY |{NBEREGLI OSBRSS I8y B&IKE €
(score:4Tr 00X YR aL ySSR (2 o0-8) Compadng therdwdskill Ol A O
leveltothadl 2F GKSANI LISSNE A& LINBaSoUuiBRadlawss 2 ik
(score:4T 00X YR aLQY [-100.20 o0SGGOGSNE 6aO02NBY vy
Anthropometrics

Anthropometrics were measured by trained researchers according to standard
procedurest! In both CAPL, and ISC@LAPL, dight was measured to the nearest 0.1
cm using a SECA portable stadiometer (Medical Scales and Measuring Systems,
England). In CAPL, weight was measured to the nearest 0.1 kg with a digital scale (A&D
Medical Engineering Inc, USA). In ISGCAELweight (to the nearest 0.1 kg) was
measured using a portable Tanita-2340 Body Composition Analyzéwrlington Heights,

IL, USA). Body mass index (BMI) was calculated tkghd ageand sexspecific BMI z

scores were determined using the CDC growth tshigr
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Habitual activity

Participants from the ISCOIAPL subsample were asked to wearAle&Graph
GT3X+ triaxial acceleromet@ctiGraph LLC, Pensacola, FL, USA). Participants wore the
accelerometer, attached to an elastic batbund the waist (at th right midaxillary
line), for 7 consecutive days, 24 hours per day, removing only for aquatic activities (e.g.,
bathing, swimming}3'4To increase compliangstudy staff instructed children on how
to wear the accelerometer during the initialgthoolassessment, conducted arnin
person compliance check and contacted participants twice via telephone to ensure they
were wearing the device, and to address any questidosbe included in the ISCOLE
dataset, participants were required to provide at leastif days of valid measurements
(including at least one weekend day), with at least 10 hours of waking wear time per
day!>18Data were collected at a sampling rate of 80 Hz, downloadees&ctnd
epochs, and aggregated to -B&cond epoch$’ moderate to vigorousintensity PA
(MVPA) and SED were defined consistent with widely usedfézifrom Evenson et
al.” (i.e., sedentary: 5 counts/15 seconds, light: Z&3 counts/15 seconds,
moderateto-@A 32 NP dzaY xpTtn O2dzydakmp &aSO2yRaAULV D
Selfreported screen time

Childreport screen time was captured as part of the ISCOLE Diet and Lifestyle
Questionnaire and includedehe to examine its relationship with knowledge of screen
time guideline&!. Children were asked how many hours they typically watched
television (TV), and how many hours they played video games and/or used the

computer per week day, and per weekend daysptases were: 0= | did not watch TV,
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1= less than, or one hour of TV, 2= 2 hours, 3= 3 hours, 4= 4 hours, 5= 5 or more hours
of TV.A weighted mean score of hours of screen time per week was then calculated as
follows: [(hours of TV on weekdays x 5) + (fsoaf TV on weekend days x 2) + (hours of
video games and computers on weekdays x 5) + (hours of video games and computers
on weekend days x 2)]/7. For analysis, this is presented as a screen time score, rather
than total hours of screen time since aftehburs per day, we could not ascertain the
LI NHAOALN yiQa | Oldzrt |Y2dzydi 2F AONBSy GAYS
transformed for analysis and analyzed as a continuous variable. ST was also presented
as those who did not meet ST guidelinestgi K 2 d2NB k R &
Additional covariates

Sex, waist circumference, maturity offset, parental education (mother and
father) were included as covariates in models when determining the relationship
between activity status, knowledge of the guidelines, and petioaeg of PA. Biological
maturity was estimated using the maturity offset method, which estimates an
AYRAGARdzZIt Q& F3S FNRBY LS| KSAIKG @St20Aad0¢8@
chronological age} Maturity offset was included as a covariatstead of age since the
age range for the ISCOCRPL subsample was so narrow, and maturity has been shown
to be significantly associated with habitual actiityHighest parentateport education
was used to estimate sociEconomic status.
Data analysis

Statistical analyses were completed using SAS 9.4 (SAS Institutéolric

Carolina, U.S.A). Descriptive information (mean, standard deviation) was calculated for
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demographic and anthropometric characteristics of all participants. Independent
samples #tests and chsquared tests were used to determine differences between CAPL
and ISCOLEAPL, and between boys and girls. In the IS@QAEE subsample, additional
analysis was performed related to guideline awareness. Multilevel general linear models
(PROC MKED), including school as a random effect, were used to determine the
relationship between guideline awareness and measures of directly measured activity
status (i.e., MVPA and SED), ST, anepsetfeptions of PA? TheKenwardRoger
approximation (DDFM«R) was used to calculate degrees of freeddMulticollinearity
was tested using tolerance and variance inflation factors, and results indicated no issues
with multicollinearity?? Interclass correlation coefficients were calculated to determine
the amouwnt of variation in PA, SED, and ST that was attributable to the individual, and to
the school level.
RESULTS

Participant characteristics are presented in Table 1. Children from |ISTARIE
(n=223) had smaller waist circumferences [mean differengg7Zcm(95% CI:6.15,-
3.23), p<0.0001)] and lower BMtcore [mean difference .26 (95% C}.042,-0.11),
p=0.0008] than children from the CAPL (n=787) group. Within the ISCARIEsample,
boys had a higher waist circumference (p=0.021) and Bédobee p=0.021) than girls.
There were no differences between boys and girls within the CAPL sample. In the
ISCOLEAPL subsamplehe largest fraction of the total variance in MVPA, sedentary
behaviour, and screen time was explained by individera| factors 9%, 89%, and

88% respectively), with the remainder explained by school level differences.
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Knowledge of physical activity and screen time guidelines

541 2y G0KS OKAfRNByQa 1y2e¢fSR3IS 2F t!
from CAPL and ISCGCEPLare presented in Table 2. In prompted questioning, the
large majority of boys (72.3%) and girls (70.8%) were able to correctly identify that they
should accumulate 60 minutes of MVPA daily. Fewer children were able to correctly
identify ST guidelines; beywere more likely to correctly identify ST guidelines than girls
(22.8% of boys, and 17.7% of girls, p=0.0475). However, a large proportion of children
(65.2% of boys and 72.7% of girls) identified that the guidelines recommend 30 minutes,
or 1 hour or lss of screen time per day. While this is incorrect, it is in line with the
overarching recommendation of the sedentary behaviour guidelines that recommends
that children minimize the time they spend sedentary each day.
Perceptions of physical activity

ChRNBy Qa NXalLkRyasSa (G2 GKS Yy2g¢t SRAS | yR
including participants from CAPL and ISCOREL, are presented in Table 2. When
asked what the best thing to do to improve a sport skill, most children (63.7%) said that
they shouldtry exercising and being more active. Eigight percent of children also
stated that they should try exercising and be more active if they wanted to get in better
shape. The majority of children (64.8% of boys and 71.7% of girls, p=0.0237) stated that
if given the choice, after school they would pick an active pursuit like playing with
friends, or walking their dog. When comparing themselves to their peers, boys were
Y2NB fA1Ste (2 NBLR2NI GKSe gSNB al ft20 0S4

28.6% of girls, p<0.0001).
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Measured physical activity

Of the 223 children who participated in ISCE@APL, 202 had complete
accelerometer data. On average, they accumulated 58 minutes of MVPA and 8.5 hours
of SED per day. Boys engaged in significantieifd/PA than girls (p<0.0001) (Table 1).
In adjusted models, neither level of MVPA, nor SED were associated with being able to
correctly identify PA guidelines (Figure 1, Panel A), or ST guidelines (Figure 1, Panel B).
Similarly, in adjusted models, ST duat differ between those who could correctly
identify PA or ST guidelines (data not shown as screen time score was log transformed
for analysis). The relationship between MVPA and SED remainesigraficant when
including those who reported screen tingelidelines as 30 minutes, or 60 minutes as
having correctly identified the guidelines; however, with this new categorization, there
was a negative relationship between ST and awareness of ST guidelreb,
standard error=0.12, p=0.0277).

Associations between activity level and perceptions of PA are presented in Table
3. After adjusting for covariates, children with lower levels of MVPA were less likely to
report that they were a more active thandir peers. Similarly, children who reported
higher levels of ST were less likely to report that they were more active, or more skilled
than their peers. Children reporting higher levels of ST were also more likely to correctly
identify strategies to increse their fitness than children who reported lower levels of
ST. No associations were found with SED.

DISCUSSION
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This work shows that the large majority (71.6%) of children could correctly
identify PA guidelines; fewer (20.0%) were able to correctly ifleBtT guidelines of 2
K2dzNAR LISNJ RFé> odzi GKS YIlI22NAGe oydpdm:0 O2
per day. We also found that most children could correctly identify strategies to increase
their sports skills and fitness levels (i.e., try ex@ng or being a lot more active), and if
given the choice would pick an active afsmhool pursuit. Furthermore, we determined
that activity level was not associated with knowledge of the guidelines, but was
associated with some sefierceptions of PA.

Overall, children seemed to have fairly accurate-pelfceptions of their activity
status. This was especially true when looking at MVPA and ST, where children could
correctly seHidentify as being more, or less active than their peers. It was interesting
that children who reported higher levels of ST were more likely to correctly identify
A0NY GS3IASEAa G2 AYLINROGS (GKSANI FAGYyS&aas LISNKI
fitness than children who are already considered active. It was also interéstihgie
found no significant associations with SED. This is consistent with previous work
suggesting that at least in children, ST, and not SED may be the more important
behaviour?3
Compared to previous studies examining parental knowledge of CanadiandPA

sedentary behaviour guidelin@$?>we found that the proportion of children able to
correctly identify the guidelines was much highéfe could not find other studies
SEFYAYyAy3d OKAfRNByQa | 6FNBySaa 2F t! 3IFdzA RS

possible that low levels of awareness are limited to adults. This may be in part due to
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the fact that children are taught about PA during school, whereas adults may not have
been recently exposed to guidelirspecific information. It is also possible ttaildren
simply guessed the correct answer. This is a limitation associated with prompted
guestioning and the questionnaires used for this study. However, previous results from
prompted questioning in adults show awareness at close to 30%, which mswsthi
lower than what was shown in the current analysis.
We speculate that there are several potential reasons why most children were
not able to correctly identify ST guidelines. The first is that the overarching message
associated with the sedentary beliaur guidelines is to reduce sedentary behaviour,
limiting ST to no more than 2 hours per day is a bullet point of the guidelines, and
therefore it is possible that it is lost in the messagwrk from ParticipACTION
showed that the general populatioas well as moms of children aged b years, were
Y2ad tA1Ste (2 ARSyGATe (GKS adlaSYSyid atz2¢
FRRAGA2YIFE KSIfGK oSySTAGaégd a GKS YIFAy O2
JdzZA RSt Ay Sas | yR yi29ia a0 t GAKYFAYL  (E3eCPNBKS2ydzNIBA YLIS N 2R |
Future work should examine which components of the guidelines children are
able to identify, and what can be done to improve this knowledge. Another possible
reason why children are unaware of ST guidelines is that thegrdnesly unaware of
the concept of sedentary behaviour, or sedentary behaviour guidelines. ParticipACTION
showed that 70% of the general population, and 66% of moms had never heard of the

sedentary behaviour guidelines and did not know the main componeiise

guidelines® Low levels of awareness of the SB guidelines may be in part due to the
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terminology used; children may be familiar with the concept of screen time but they
may not understand the concept of SB as a distinct health risk factor. The ¢aricep
sedentary behaviour is relatively new, and only recently have researchers come to
consensus on its definitiof?. Therefore it is possible that sedentary behaviour
guidelines are undervalued by health promoters (e.g., teachers, parents, health care
providers), in favour of promoting the PA guidelines. Future work should examine if re
branding these guidelines as screen time guidelines could improve awareness.
Limitations

CAPL is a large, mutiite study that provides a comprehensive examination on a
large group of children. ISCOCRPL provides the added benefit of directly measured
habitual activity, and a more comprehensive set of surveys, including parental and
household characteristics. Adding the CAPL, and ISC®RE samples together provides
thelargest,and mostypo-RI S SEI YAY Il A2y 2F OKAf RNByQa
and ST guidelines. Researchers from CAPL, and F92®LEeceived comprehensive
training and were provided consistent feedback before and during survey administration
to minimize potential biasAdditionally, accelerometers have been shown to be a valid
tool to measure activity of all levels of intensity. However, it is well understood that a
hip-placed monitor is less effective in distinguishing sedentary postures, and cannot
accurately capture upper body movements, cycling, or activities when the monitor is
removed (e.g., swimming). For ISCOLE, algorithms were used to distinguish sleep from
SED. The algorithms have been validated and publishaa accelerometer cut points

for SED have high sensitivifyput there is always the possibility of misclassification. It is
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important to note that this study relies predominantly on information from ciiégort
guestionnaires. Specifically, information related to guideline awarenessobtained
via prompted questioning and may be biased. The child may also have simply chosen
GKS O2NNBOUG NBaLRyaS o0& OKFIyOSe® ¢2 LINRPODARS
would have been beneficial for teachers and parents to provide informatmimeir
knowledge of PA guidelines and habitual levels of PA as well. Finally, it is important to
note that this study is limited to a small geographic region, so generalizability of the
results may be limited.
Conclusions

This study provides encouragifngs a dzft 1a | 62dzi OKAf RNBy Qa
PA guidelines. It is less encouraging that relatively few children are able to correctly
identify ST guidelines, but provides areas of opportunity to improve messaging
associated with the guidelines. This resgmalso shows that children with more
favourable measures of activity (i.e., higher levels of PA, lower levels of SED and ST), had
better selfperceptions of physical activitGuideline awareness provides important
information on overall effectiveness khowledge dissemination among the general
public. Naturally, it will take some time for the guidelines to make their way in to
mainstream educational material. It is important to continue to monitor progress and
develop new and innovative ways (e.g., Tevit Facebook) to disseminate information
about the guidelines to health care providers, and the general public.

IMPLICATIONS FOR SCHOOL HEALTH
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Year after year we are seeing that children are not meeting physical activity
guidelines, engaging in substéal amounts of sedentary behaviour, and accumulating
excessive amounts of $THowever, children typically engage in more PA, and less
sedentary behaviour during weekdays compared to weekéh@siggesting that the
school day may provide a good opporityrto teach children about the importance of
healthy lifestyle behaviours including improving gefceptions of PA, and increase
their knowledge about public health guidelines. In fact2015, the Canadian Physical
Activity and Sedentary Behaviour @elines were included in the Ontario Health and
Physical Education Curricul@This provides educators with a dedicated time to have
these discussions with students, and will hopefully lead to increased awareness. This
also means that researchers willegeto make concerted efforts to continue to monitor
and evaluate awareness of the guidelines while providing parents, caregivers, and
teachers the tools they need to disseminate the information.
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Table 1:Descriptive Participant Characteristics

CAPL sample
Age (years)
Waist circumference (cm)
BMI zscore
ISCOLEAPL subsample
Age (years)
Waist circumference (cm)
BMI zscore
Maturity offset
Household incomen( %)
Less than $15,000
$15,000-59,999
$60,000139,999
$140,000 and above
Parental educatioh
Mother education
Father education

Accelerometer variables (min/day)

Light intensity
MVPA
Sedentary behaviour

Selfreport screen time score (hours/day)

Total screen time
Computer/video game
Television

Total (n=787)
10.0 (1.3)
66.0 (10.4)
0.49 (1.04)
Total (n=223)
10.0 (0.34)
61.3 (6.7)
0.22 (0.98)
-1.9 (0.88)

2 (0.9)
20 (9.2)
97 (44.5)
99 (45.4)

195 (88.2%)
189 (85.5%)

3019 (43.0)
58.1 (19.6)
508.2 (60.1)

2.4 (1.6)
1.3 (1.0)
1.3 (0.9)

Boys (n=367)
10.0 (1.3)
66.1 (10.0)
0.56 (1.00)
Boys (n=85)
10.1 (0.34)
62.6 (6.7)
0.41 (0.97)
-2.84 (0.46)

1(1.2)
2 (2.4)
34 (40.2)
46 (56.1)

74 (89.2%)
73 (88.0%)

305.6 (40.1)
66.3 (19.4)
505.3 (61.1)

2.6 (1.2)
1.4 (1.0)
1.2 (0.7)

Girls (n=420)
10.0 (1.3)
65.9 (10.8)
0.42 (10.10)
Girls (n=138)
10.0 (0.34)
60.4 (6.7)
0.10 (0.98)
-1.37 (0.54)*

2 (1.5)
17 (12.5)
64 (57.1)
53 (39.0)

121 (87.7%)
116 (84.1%)

299.6 (44.7)
53.0 (18.0)*
510.1 (59.7)

2.3 (1.7)

1.0 (1.0)
1.3 (1.1)

All variables presented as mean (SD) unless otherwise noted. Statistical significance between boys and

girls was assessed with unpairetest for continuous variables and esguare tests for household income

and parental education.

BMI: Body Mass Index; MVPA: moderdtevigorousintensity physical activity

F LF ndnmz

LIF ndnnnwm

aMother and father education is presented as percentage who haveegdfrted that they have

obtained a high school diploma or higher
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Table 2:Responses to the Knowledge and Understanding of Physical Activity

Questionnaire in Boys and Girls (total samptd,010)

Total (, %) Boys @, %) Girls 6, %)
Knowledge of guidelines
How many minutes of MVPA should you get each day’
10 mnutes 34 (3.5) 15 (3.5) 19 (3.5)
20 minutes 52 (5.3) 23 (5.3) 29 (5.4)
30 minutes 192 (19.6) 82 (19.0) 110 (20.3)
60 minutes or 1 hour 700 (71.6) 312 (72.3) 383 (70.8)
What is the most time that children should look at a
screen each day?
30 minutes 373(38.2) 146 (34.0) 224 (41.3)
60 minutes or 1 hour 305 (31.2) 134 (31.2) 170 (31.4)
2 hours 195 (20.0) 98 (22.8) 96 (17.7)*
4 hours 104 (10.6) 52 (12.1) 52 (9.6)
Perceptions of physical activity
If you wanted to get better at apert skill like kicking and
catching a ball, what would be the best thing to do?
Read a book 19 (2.0) 11 (2.6) 8(1.5)
Wait until you get older 13 (1.4) 6 (1.4) 7(1.3)
Try exercising and being more active 611 (63.7) 252 (59.7) 356 (66.8)
Take a lesson 317 (33.0) 153 (36.3) 162 (30.4)
If you wanted to get in better shape, what would be the
best thing to do?
Read a book 10 (1.0) 4 (2.0) 6 (1.1)
Wait until you get older 21 (2.2) 12 (2.9 9(1.7)
Try exercising or being more active 845 (88.2) 366 (86.7) 475 (89.5)
Take a lesson 82 (8.6) 4 (9.5) 41 (7.7)
If you were allowed to pick what you do after school,
which activity would you pick?
Sedentary pursuit 294 (31.1) 144 (35.2) 150 (28.3)
Active pursuit 650 (68.9) 265 (64.8) 380 (71.7)
Compared to other kids your age, how active are you?
A lot less active ¢B) 48 (4.9) 18 (4.2) 30 (5.6)
Same (47) 512 (53.2) 206 (47.6) 313 (57.8)
A lot more active (&0) 410 (41.8) 209 (48.3) 198 (36.6)8
Compared to other kids your age, how good are gbu
sports or skills?
Others are better (83) 95 (9.7) 40 (9.3) 55 (10.2)
Same (47) 512 (52.3) 179 (41.4) 332 (61.3)
LOY | f24 o0SGGSNI 6y 372 (38.0) 213 (49.3) Mpp Ot

Significance between boys and girls was assessed fsygjohred test: *pa ®dnp Z U LIF ndnnnm
G¢KAA AyOtdzRSa F+tt (StS@AaA2YS @GARS2

screen time to no more than 2 hours per day

8Sedentary: play video/computer games, read, homework, chat with friends online, watch TV; active: play

wiil K FNASYR& G GKS LIX I @3INRdzyRX 3I2 (2
MVPA: moderateto vigorousintensity physical activity.
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1 Table 3:Associations Between Habitual Activity and Perceptions of Physical Activity (ISERILEubsample, n=202)

MVPA(min/day) SED (hour/day) ST Score
i SE p i SE p i SE p
If you wanted to get better at a
sport skill like kicking and
catching a ball, what would be
the best thing to do?
Model 1 0.89 3.02 0.7680 -0.08 0.15 0.5820 -0.003 0.07 0.9709
Model 2 4.38 2.86 0.1273 -0.21 0.15 0.1519 0.02 0.07 0.7924
If you wanted to get in better
shape, what would be the best
thing to do?
Model 1 -3.20 6.49 0.6226 -0.14 0.32 0.6769 0.27 0.14 0.0534
Model 2 -9.33 6.08 0.1271 -0.01 0.31 0.9740 0.28 0.14 0.0487
If you were allowed to pick what
you do after school, which
activity would you pick?
Model 1 -2.45 3.30 0.4592 0.23 0.17 0.1599 0.17 0.08 0.0227
Model 2 -3.12 3.13 0.3201 0.23 0.16 0.1480 0.13 0.07 0.0744
Compared to other kids your
age, how active are you?
Model 1 -21.64 5.73 0.0002 0.56 0.30 0.0599 0.43 0.14 0.0011
Model 2 -19.26 5.44 0.0005 0.41 0.14 0.1583 0.42 0.13 0.0013
Compared to other kids your
age, how good are you at sports
or skills?
Model 1 -12.74 5.89 0.0318 0.27 0.30 0.3634 0.33 0.14 0.0151
Model 2 -9.01 5.62 0.1089 0.20 0.29 0.4836 0.33 0.13 0.0131

Model 1:multilevel modeling showing the relationship between gafceptions of physical activity and MVPA, SED, and ST, unadjusted for any covariates with school
as a random effect.

Model 2:multi-level modeling showing the relationship between gafceptions of physical activity and MVPA, SED, and ST adjusted for sex, waist circumference,
maturity offset, and highest parental education with school as a random effect.

MVPA: moderateto vigorousintensity physical activity; SE: standard error; SED: total sedentary time; ST: screen time (log transformed). Bolepbsetlis r

significant associations.

O~NO U~ WN
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Figure legends

Figure 1

Title: Average moderateto vigorousintensity physical actiwt(MVPA), total sedentary

time, and knowledge of physical activity (A) and screen time guidelings BFOLE

CAPL subsampla<202)

Legend5 I G N8B LINBaSyGdSR Fa YSIya p aidl yRIFNR
knowledge of physical activity andreen time guidelines were reoded as correct

(white bars), or incorrect (grey bars). Mdivel models, adjusted for sex, maturity

offset, waist circumference, and highest parental education were used to determine
associations between physical activity 3.36, SE=2.95=0.2555), and sedentary

0 SKI @A 2 dzNJ 01 pE0I1863T); and khdviedyeban thesguidelines.
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4.2 Correlates of objectively measured sedentary time and selported screen time

in Canadian children

This manuscript has been wah and formatted to adhere to the specifications for
submission to the International Journal of Behavioural Nutrition and Physical Activity.
This article has been published and can be found here:

http://www.ijbnpa.org/content/12/1/38/
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Abstract

Background: Demographic, family, and home characteristics play an important role in determining childhood
sedentary behaviour. The objective of this paper was to identify correlates of total sedentary time (SED) and
correlates of self-reported screen time (ST) in Canadian children.

Methods: Child- and parent-reported household, sodo-demographic, behavioural, and diet related data were collected;
directly measured anthropometric and accelerometer data were also collected for each child. Participants with complete
demographic, anthropometric, and either SED (n=524, 41% boys) or ST (n=567, 42% boys) data from the Canadian site of
the International Study of Childhood Obesity Lifestyle and the Enwvironment (ISCOLE) were included in analysis. Sixteen
potential correlates of SED and ST were examined using multilevel general inear models, adjusting for sex, ethnicity,
number of siblings, and socio-economic status. All explanatory variables moderately assodiated (p<0.10) with SED and/or
5T in univariate analyses were induded in the final, fully-adjusted models. Variables that remained significant in the final
models (p<0.05) were considered correlates of SED and/or ST.

Results: Children averaged 85hours of daily SED; no differences in total SED, or total 5T were seen between girls
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circumference and BM| z-scores than girls. In the final models, waist circumference and number of TVs in the home
were the only common comelates of both SED and ST. SED was also negatively associated with sleep duration. 5T was
also positively associated with mother's weight status, father's education, and unhealthy eating pattemn score and
negatively associated with healthy eating pattern score, and weekend breakfast consumption. Few common correlates
existed between boys and girls.

Conclusion: Several factors were identified as comelates of SED and/or of ST in Canadian children; however, few comelates
were commeon for both SED and 5T, and for both boys and girls. This suggests that a single strategy to reduce 5ED and ST
is unlikely to be effective. Future work should examine a variety of other, non-screen based sedentary behaviours and their
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Introduction
Sedentary time (SED) is characterized by waking behaviours
that require little energy expenditure (ie. <15 METs) and
that occur in a sitting or reclined position [1]. SED can be
further classified by a variety of sedentary behaviours such
as reading, playing quietly, watching television (TV), or
using the computer. SED should be thought of as a separate
and distinct behaviour from physical activity and not simply
the failure to meet prescribed physical activity guidelines [2].
To help guide parents and caregivers, the Canadian Society
for Exercise Physiology developed Canadian Sedentary Be-
haviour Guidelines for Children and Youth [3]. They pro-
vide a general recommendation for children and youth to
minimize the time they spend sedentary each day; further-
maore, they provide specific recommendations to limit recre-
ational screen time to no more than 2 hours per day, and to
limit sedentary (ie, motorized) transport, extended time
spent sitting, and time spent indoors throughout the day [3].
Previously, research examining SED has been largely in-
formed by parent- and child-report questionnaires, which
focus primarily on specific sedentary behaviours, such as
screen time (ST), rather than total daily SED. Results from a
recent systematic review focusing on 5T suggests that lower
5T is associated with better measures of body compaosition,
fitness, self-esteem, self-worth, pro-social behaviour, and
academic achievement [4]. Now, with widespread use of ac-
celerometers, researchers can examine total daily SED, in-
cluding its effect on acute and chronic health conditions. In
adults, higher total SED is associated with higher risk of car-
diovascular disease, overweight/obesity, and premature mor-
tality [5-7]. However, in children, the relationship between
accelerometer measured total SED and ill-health is less evi-
dent, and possibly more complex. For example, evidence
from both clinical and population based studies has shown
that in children, long bouts of SED are not associated with
acute elevations in cardio-metabolic health risk [8], body
mass index (BMI), or waist circumference [9]. Further, previ-
ous work has shown that ST accounts for only a small pro-
portion of SED and the appropriateness of using ST as a
proxy measure for SED has been questioned [10]. Still, many
studies use measures of SED and ST interchangeably, and
make public health messages based on these mixed results.
A recent review by Temmel and Rhodes identified 64
studies examining correlates of sedentary behaviour how-
ever, only eleven reported on both accelerometer mea-
sured SED and self-reported ST in the same population,
and none of the 64 studies included data from Canadian
children [11]. Of the eleven studies examining both SED
and ST, age, sex, ethnicity, socio-economic status, and day
of the week (weekend versus weekday) were significant
correlates of both SED and ST. Physical maturity was a
correlate of SED only; whereas urban versus rural living,
neighbourhood satisfaction and safety, access (eg, to a
television), sleep duration, and self-esteem were correlates

10€
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of ST only. Other studies that have explored associations
with ST have identified age, socio-economic status, single-
parent households, ethnicity, and sex as important corre-
lates [12,13]. Studies that have examined correlates of
SED have shown significant associations with parental
BMI, TV viewing, and computer use [14].

Identifying common correlates of SED and 5T can help
to inform public health strategies and messages to im-
prove habitual behaviour in young people. The purpose of
this study was to examine anthropometric, behavioural,
parental, and household correlates of objectively measured
SED and self-report ST in a sample of Canadian children.
Analyses were grounded in the socio-ecological model for
sedentary behaviour, as proposed by Owens et al. in order
to understand multiple influences on behavior [15].

Methods

Data source

The International Study of Childhood Obesity, Lifestyle and
the Environment (ISCOLE) aimed to determine the relation-
ships between lifestyle behaviours and obesity in a multi-
national, cross-sectional study of 10-year-old children [16].
ISCOLE was designed to allow researchers to investigate the
influence of higher-order characteristics such as behavioural
settings, and the physical, social and policy environments,
within and between countries [16]. Additional details on
study design, participating countries, and full methodology
has been published elsewhere [16]. As Canada was the first
country to develop evidence-informed sedentary behaviour
guidelines [3], the analyses for the present study focused on
data from ISCOLE Canada. Data collection ocourred in
Ottawa, Canada between September 2012, and May 2013
and included 26 schools, from four school boards: English
Public, French Public, English Catholic, and French Cath-
olic. All schools within each stratum were invited to partici-
pate and the first ones to respond were included into the
study with a recruitment goal of 500 participants, in agree-
ment with the rules of our research ethics boards; the re-
sponse rate was 50% (children with consent to participate
divided by envelopes distributed). This project was approved
by the research ethics board at the Childrens Hospital of
Eastern Ontario and the participating school boards. Writ-
ten informed parental consent and child assent were ob-
tained for all participants.

Dependent variables

Accelerometer measured sedentary time

The ActiGraph GT3X+ triaxial accelerometer (ActiGraph
LLC, Pensacola, FL, USA) was used to objectively measure
total SED. Participants wore the accelerometer, attached to
an elastic belt around the waist (at the right mid-axillary
line), for 7 consecutive days, 24 hours per day, removing
only for aquatic activities (e.g, bathing, swimming). To in-
crease compliance, study staff instructed children how to
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wear the accelerometer during the initial in-school assess-
ment, and conducted an in-person compliance check 24
days after initialization. Further, participants were contacted
twice via telephone (one weekday evening and one week-
day) to ensure they were wearing the device, and to address
any questions.

To be included in the ISCOLE dataset, participants
were required to provide at least four days of valid mea-
surements (including at least one weekend day), with at
least 10 hours of waking wear time per day [17,18]. Data
were collected at a sampling rate of 80 Hz, downloaded
in 1-second epochs, and aggregated to 15-second epochs
[18). Total sedentary time (SED) was defined as all
epochs showing =25 counts per 15 seconds, consistent
with widely used cutoffs from Evenson et al. [19] (ie.,
sedentary: 0-25 counts/15 seconds, light: 26-573
counts/15 seconds, moderate-to-vigorous: =574 counts/
15 seconds). For analysis, total SED was treated as a
continuous variable.

Self-reported screen time

Child-reported screen time was determined from a Diet
and Lifestyle Questionnaire, with questions taken from the
US. Youth Risk Behaviour Surveillaince System [16,20].
Children were asked how many hours they typically
watched TV, and how many hours they played video games
and/or used the computer per week day, and per weekend
day [16). Responses were: 1 = did not watch TV, 2 = Less
than 1 hour, 3 = 1 hour, 4 = 2 hours, 5 = 3 hours, 6 = 4 hours,
7 =5 or more hours. Response categories were collapsed to
include 1==<1 hour of TV, 2=2 hours, 3=3 hours, 4=
4 hours, and 5 = =5 hours. A weighted mean score of daily
screen time was then calculated as follows: [(hours of TV
on weekdays x 5) + (hours of TV on weekend days = 2) +
(hours of video games and computers on weekdays x 5) +
(hours of video games and computers on weekend days =
2)])/7. For analysis, this is presented as a screen time score,
rather than total hours of ST since after 5 hours per day, we
could not ascertain the participants actual amount of 5T.
Self-report methods of quantifying ST have been reported
to have acceptable reliability and validity in children [21].
After testing for normality, ST score was log-transformed
for analysis and treated as a continuous variable.

Potential correlates

Anthropometric and biolegical variables

Anthropometric data (i.e, height, weight, waist circumfer-
ence, percent body fat) were directly measured by trained
ISCOLE data collectors during the in-school visit according
to standardized procedures [16). Height was measured to
the nearest 0.1 cm using a Seca 213 portable stadiometer
(Hamburg, Germany). Weight (to the nearest 0.1 kg) and
body fat percentage (to the nearest 0.1%) were measured
using a portable Tanita SC-240 Body Composition Analyzer
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(Arlington Heights, IL, USA). Participants were asked to re-
move heavy clothing, and objects from their pockets before
stepping on the scale. The Tanita 5C-240 has shown accept-
able accuracy for estimating body fat percentage when
compared with dual-energy X-ray absorptiometry, support-
ing its use in field-based studies [22]. Body mass index
(BMI) was calculated {kga'rnzl, and BMI z-score, based on
age and gender, was determined using the Centers for Dis-
ease Control and Prevention (CDC) growth charts [23] for
all participants. Waist circumference was measured using a
non-elastic anthropometric tape after a normal exhalation
to the nearest 0.1 cm, at the mid-point between the top of
the iliac crest and the bottom of the last floating rib. Chil-
dren and parents were also asked about the child's age, sex,
birth country and ethnicity in the ISCOLE Diet and Life-
style Questionnaire and the Demographic and Family His-
tory Questionnaire.

Behavioural characteristics
All children completed the ISCOLE Diet and Lifestyle
Questionnaire, which included a compilation of vali-
dated questions from several questionnaires [16]. Chil-
dren completed a Food Frequency Questionnaire (FFQ))
adapted from the Health Behaviours in School-age Chil-
dren (HBSC) study [24], which asked how often partici-
pants consumed 23 food items in a usual week. To
identify existing dietary patterns among the study popu-
lation, principal components analyses were carried out
using the FFQ) food groups as input variables (excluding
fruit juices due to low wvalidity) (unpublished analysis).
Eigenvalues and a scree plot analysis were used as the
criteria for deciding the number of factors extracted.
The two criteria lead to similar conclusions and two fac-
tors were eventually chosen for each analysis. The fac-
tors were then rotated with an orthogonal varimax
transformation to force non-correlation of the factors
and to enhance the interpretation. Two factors were in-
cluded in this manuscript as exposure variables: “un-
healthy eating pattern score” (e.g, hamburgers, soft
drinks, fried food; higher score means worse eating pat-
tern) and “healthy eating pattern score” (e.g., vegetables
and fruits; higher score means better eating pattern).
Children were asked how they got to school most days
le.g., walking, car), and these responses were re-coded as
active or inactive transport. Child-reported breakfast con-
sumption (weekday and weekend frequency), and sleep
(quality and quantity) were also assessed as potential cor-
relates. Physical activity was captured via self-report ques-
tionnaire to determine how many days per week children
were active for at least 60 minutes.

Parent and home environment
The Demographic and Family History Questionnaire
and the ISCOLE neighbourhood and home environment
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questionnaires were sent home with the child at the same
time as the parent-consent forms for the parents to fill
out (Le. prior to child assessment) [16]). Demographic
questionnaires completed by the parents captured additional
information about the participating number of siblings,
household income (8 options ranging from < $14,999, to >
£140,000 or more), parental education (ranging from “less
than high school” to “post graduate degree”), parental-report
weight and height (used to calculate parental weight status),
number of TVs in the home, and presence of a TV in the
child’s bedroom. See Table 1 for additional details on re-
sponse categories and additional details on measurement
and analysis of all potential correlates,

Statistical analysis

Statistical analyses were conducted using SAS 9.4 (SAS In-
stitute Incorporated, North Carolina, USA). Descriptive
information (mean, standard deviation) was calculated for
demographic and anthropometric characteristics of all
participants and their parents. Unpaired t-tests and chi-
squared tests were run to determine differences between
boys and girls.

Multilevel general linear models (PROC MIXED), includ-
ing school as a random effect, were used to determine cor-
relates of SED and ST. Multilevel models properly account
for the hierarchical nature of the data. Potential correlates
were first included in univariate models; variables that were
significant, or marginally significant (p < 0.10), were subse-
quently included in domain-specific models similar to those
outlined in the social ecological model proposed by Owen
et al. for sedentary behaviour [15] (ie., demographic/bio-
logical characteristics, family characteristics, home environ-
ment characteristics, or behavioural characteristics). Sex
and ethnicity were included as covariates for all univariate
models. Variables that were marginally significantly (p<
0.10) correlated with SED or ST in the domain-specific
models were included in the final model. Variables that
remained significant (p < 0.05) in the final model were con-
sidered correlates of SED and/or ST. Sex, ethnicity, number
of siblings, and household income were used as covariates
for all multivariable models. These covariates were selected
based on the plausibility of their potential confounding ef-
fect and because of their known associations with sedentary
behaviour. The Kenward-Roger approximation (DDFM =
KR) was used to calculate degrees of freedom [25]. Analyses
were conducted separately for the total sample, boys, and
girls. Multicollinearity was tested using tolerance and vari-
ance inflation factors, and results indicated no issues with
multicollinearity [26].

Results

Descriptive characteristics

In total, 567 (mean age = 10.0, 42.3% boys) participants pro-
vided complete data and were included in analysis.

10¢€
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Participants were from the English Public (n = 393; 69.3%
of total sample), French Public (n=60; 10.6% of total sam-
ple), English Catholic (n=75; 13.2% of total sample) and
French Catholic (n=3% 68% of total sample) School
Boards. Participants were born in 35 different countries,
with the majority (88.9%) being born in Canada, and declar-
ing themselves as “white/Caucasian™ (66.6%). The majority
of children had either one (51.3%) or two (23.7%) siblings.
Table 2 shows the frequency and distribution of potential
correlates of sedentary behaviour between boys and girls.

The majority of mothers were normal weight (64.8%) and
had above a high school education (84.7%); the majority of
fathers were overweight or obese (56.8%) and had above a
high school education (81.3%). Most parents reported hav-
ing two or more TVs in their house (96.2%) with the
remainder reporting having either no TV, or one TV; the
majority subscribed to cable + premium channels (39.6%)
with cable internet service (59.1%). No differences were
seen in parental characteristics between boys and girls.

Most children ate breakfast every weekday (82.9%) and
every weekend day (89.8%). The majority of children re-
ported that they had “very good” or “fairly good” sleep
quality (91.4%) and sleep quantity (90.8%). On average,
ISCOLE participants accumulated an average of 5114
(63.1) minutes of total daily SED (approximately 8.5 hours)
and had a ST score of 2.8 (1.8) (approximately 2.8 hours
of average daily total TV, computer, and video game use).
Total ST did not differ between boys and girls, but boys
reported playing more video games than girls.

Univariate analyses

The results of the univariate regression analyses are pre-
sented in Tables 3 and 4. Of the 16 potential behavioural,
parental, and home correlates, 5 were significantly associ-
ated with SED in the total sample (4 for boys, and 7 for
girls) and 11 were significantly associated with ST in the
total sample (10 for boys, and 9 for girls).

Multivariate analyses

Tatal sedentary time

Results of the multivariate regression models for corre-
lates of total SED are presented in Table 5. In the total
sample, and for boys alone, SED was positively associated
with waist circumference, and number of TVs in the
home; SED was negatively associated with sleep quantity.
For girls, SED was positively associated with waist circum-
ference, and household automobile ownership.

Screen time

Results of multivariate regression models for correlates of
self-reported ST are presented in Table 5. In the whole sam-
ple, 5T was positively associated with waist circumference,
mother’s weight status (classified overweight or obese), fa-
ther’s education (greater than high school), number of TVs
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Table 1 Potential correlates of objectively measured sedentary time and self-reported sedentary behaviour

Variable Measurement method Use in analysis

Anthropometric

Sax Parent-report Demographic and Family Bimary variable: male, fernale (used as a covariate)
History CQuestionnaire

Bl Directly measured height and weight, Ordered categoncal: underweight, normal weight, overweight, obese
caloulated using C0C cut-points [23]

Percent body fat Directly measured using Tanita Continuous

Waist ciroumference Directly measured by ISCOLE researcher Continuous

Child ethmicity Parent-report Demographic and Family
Histary Questionnaire

Healthy and unhealthy
eating scores

Breakfast consumption
fweskend, and weskday)

Commute to school
{main part of journey)

Sleep (in the past week)

Physical activity

Family situation
Mumber of siblings

Farental EMI

Parental education

Combined household
income

Home environment
Mumber of TVs in home

TW/electronics in
bedroom

Automaobile ownership

Child-report food frequency questionnaine:
ISCOLE Diet and Lifestyle Questionnaire

Child-report: ISCOLE Diet and Lifestyle
Questionnaire

Child-report: ISCOLE Diet and Lifestyle
Questionnaine

Child-report: ISCOLE Diet and Lifestyle
Questionnaire

Child-report: ISCOLE Diet and Lifestyle
Questionnaire

Accelerometer measured minutes per day
of LPA and MVPA

Parent-report Demographic and Family
History Questionnaire

Parent-report: Demographic and Family
History Questionnaire
Parent-report Demographic and Family
Histary Questionnaire

Farent-report: Demographic and Family
History Questionnaire

Parent report 1SCOLE neighbourhood and
home environment questionnaire

Child-report: ISCOLE Diet and Lifestyle
Questionnaine

Parent report 1S3C0LE neighbourhood and
home environment questionnaire

Parent report |1S00LE neighbourhood and
home environment questionnaire

Categorical: white, African American, Asian, First Mations, East Indian, don't
kniowr, other (used as a covariate)

Continuous: Continuous: obtained from a principal component analysis
derived from a 23-item food frequency questionnaire

Re-coded as dichotomous those who ate breakfast at least once per
weskday (versus never) and those who at breakfast at least weekend day
[versus never).

Re-coded as dichotomous active [walking, bicycle/rollerblade/skateboard,
scooter, other), and inactive [bus/train/tramy/underground/boat, car/
matorcycle/moped)

Categorical: Sleep quality (4 responses: very good, fairly good, fairly bad, very
bad), sleep quantity 4 responses: very good, fairly good, faily bad, very bad).
Re-coded for analysis, collapsing very good and fairly good categories, and
fairly bad and wvery bad categaories for both sleep quality and sleep guantity.

Categorical: & responses [0 days, | day, 2 days, 3 days, 4 days, 5 days, & days,
7 days). Was included in the model re-coded as those active mare and less
than & days in the past wesk.

Accelerometer: time spent at different PA intensities using Evensen cut-points
iLy]

Continuous (used as a covariate)

Re-coded as dichotomous: normal weight, or overweight/obese

Re-coded as dichotomous Zhigh school, and high schaol or higher

Ordered categorical: B options ranging from < 514,999, to > 5140000 or more
(used as covariate). In the model, income was re-coded as above/below
mean category.

Re-coded as dichotomous =1, and 22

Bimary response: yesno

Continows: number of working automobiles owned per household. Re-coded
as dichotomous: <2 and 22,

BMI: body mass index; ISCOLE: International Study of Childhood Obesity Lifestyle and the Environment; LPA: light-intensity physical activity; MVPA:
moderate- to-vigorous-intensity physical activity; PA: physical activity.

in the home, and unhealthy eating pattern score. 5T was
negatively associated with healthy eating pattern score
and weekend breakfast consumption. In boys, ST was
positively associated with number of TVs in the house,
presence of a TV in the child’s bedroom, and unhealthy

eating pattern score score. For girls, ST was positively
associated with waist circumference, mother’s weight
status (classified as overweight or obese), father’s educa-
tion (higher than high school), and unhealthy eating
pattern score; negative associations were found with
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Table 2 Participant characteristics (mean (5D), unless otherwise noted)
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Total in=567) Bays [n=239) Girls {n=328)
Child characteristics
Age [years) 100 [04) 10,1 {04) 10.0 (0.4
Height (cmi) 1438 7.0 1436 (5.8) 1439 [7.4)
Weight (kg) EEANE ] 383{9.) 7L @.1)
Percent bady fat 0574 18773 28730
Waist circumference fcm) 63.0 [B4) 4.1 (28 622 (@
BMI z-scone 020 (1.02) 0132 {098} Q11 (104
Weight status [n,%)

Undenseight 15 [27%) 2 (0.8%) 13 (4.00%)

Mormal weight 422 (747%) 177 (7449 245 (7499

Creerweight 68 (12,09 29 [122%) 39 {11.9%)

Chbese 60 [10:6%) 30 (1 2.6%) 30 (929
Ethmicity [m,%)

Whita/Caucasian 373 (6A6%) 160 (68.1%) 213 [A5.6%)
African American 15 [27%) 4 (1.7%) 11 {34%;
Msian 57 (10209 25 (1) 32 (9%}
First Mations 2 (D49} 1 (040 1 (035
East Indian 5 (0.995) 1 (049 4 (1.3
Do not knowfother 108 {193%) 11 {18:7%]) 64 (19:6%)
Physical activity [min/day)

MVPA 587 (193) 67.1 {193 527 (17

Mioderate 418 12.0) 476117 IFE (107"

Light PA I4E (4500 30 430 300.1 455y
Total SED {min,/day) 5114 (630) 5069 (6600 5145 609
Salf-reported soreen time score (houn/day)

Total screen time 28018 20018 2709

™ 15013 15011} 16 (12}

Viden game/computer 13 (1.0 1.4 (10" 1.1 (1o}
Household income (n3%)

Lass than 514,000 16 (30 522 11 (35)
$13.000-59.999 B9 [164) 33 (144 36 (177
$60,000-139999 231 ([424) 100 (43.7) 131 [(394)
$140,000 and above 200 (384) on (397 18 373
Parental characteristics
Mother
Education

High school or less B5 (153) E-RIEAY 30 (154

Greater than high schoal 473 (847 198 (3500 275 (B4
Self-reported BMI (kg/m?) 42539 153546 46149
Age [years) 41.7 30 41549 41950
Father
Education

High school or less 102 {187 40 (17.7) 56 (193)

Greater than high schoal 444 (313) 185 (823) 259 (80T
Self-reported BMI (kg/m?) 268 [44) 6T (44) 268 (44)
Age [years) 44.1 (a0 44463 43E (5.8

BMI: body mass index; MVPA: moderate- to-wigorous-intensity physical activity; PA: physical activity; SED: accelerometer measured total daily sedentary time.
Unpaired t-test * p < 00001, ** p=0.0069, ***p=0.0175, ****p=0.0245.

11C
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Table 3 Univariate correlates of total sedentary time®

Total Boys Girls
Variables PB-coefficient  SE p-value  P-coefficient SE p-value  P-coefficient SE p-value
Anthropometric’
Percent body fat 1.62 037 =0.0001 048 0.62 0.0172 157 0.48 0.0012
Waist circumference 1.66 o =0.0001 1.50 047 0007 1.64 043 0.0001
BMI z-score 761 2463 0.0039 700 442 01147 6.93 3.30 0.0366
Unhealthy eating score —6.08 287 00347 =533 370 0507 —8.38 412 0.0830
Healthy eating score -247 271 03627 -333 443 04527 025 351 0.9429
Weekday breakfast consumption 3042 18.15  0.0949 -10.07 4328 0Bl162 35.95 2000 00727
Weekend breakfast consumption 33.34 036 01022 1749 3310 04073 40.10 26.72 01346
Commute to school 025 643 09688 -187 a7s 08482 -021 855 0.9850
Sleep quality .47 10000 03467 837 1754 06339 13.15 1236 02883
Sleep quantity 26.04 9.31 0.0053 3012 1428 00361 27.99 1281 0.0296
Self-reported PA 200 569 0.1620 127 e 083382 1272 7.50 0.0907
Family situation
Mather weight status -199 602 06197 247 Q52 07955 -333 TB& 06726
Father weight status —143 557 07968 =529 BE8 05524 023 FAE:] 0.o747
Mother education =106 a07 0.B961 —4.18 1322 07525 253 10,10 08028
Father education —4.66 724 05202 —-10.832 1165 03535 1.14 028 0.9025
Household income -533 575 03569 —-12.46 898 01670 -2.14 755 07773
Home environment
# of TV"s in home 16.24 617 oLo087 20.26 991 00422 13.89 7495 0.0816
T in bedroom —2105 762 02916 —25.45 1225  0.0390 4109 aQrF 06761
Automobiles in the home 1219 10.93 0.2653 -8.18 1818 06531 272 1399 00528

“Multi-level general linear model controlling for sex, and ethnicity with school as a random effect, unstandardized beta coefficients are presented. "ISCOLE used a
wariety of measures to assess adiposity, all of which were significant in univariate analyses. To build the final models, stepwise addition was used to determine
which measure of adiposity provided the closest fit for the data. Akaike information criterion, Bayesian information criterion, and level of significance were used to

determine model fit. Waist crcumference alone provided the best fit.
PA: physical activity; S5E: Standard Error; TV: television.
MOTE: bolded data indicates significance (p<0.10).

healthy eating pattern score and weekend breakfast
consumption

Discussion

This study aimed to identify correlates of accelerometer
measured SED and self-reported 5T in 10 year-old Can-
adian children. In the total sample, common correlates
of SED and 5T included waist circumference (positive
association) and number of TVs in the home (positive
association). In the total sample, increased SED was also
associated with poor sleep quantity. We identified a
greater number of correlates of ST than for SED. Specif-
ically, correlates of 8T in the total sample also included
mother’s weight status (negative association), father’s
education (positive association), unhealthy eating pattern
score (positive association), healthy eating pattern score
(negative association), and weekend breakfast consump-
tion (negative association). Correlates identified here are

111

similar to those identified in previous studies [11]. How-
ever, this is one of few studies to identify correlates of
both SED and 5T in the same population, and the first
to examine this in a sample of Canadian children. This
information can be used to help inform public health
strategies and messages. Specifically, results from this
work suggest that to reduce both SED and ST, public health
messages (and interventions) focus on healthy weights, and
reducing the number of TVs present in the house.

A positive association between waist circumference, and
both SED and 5T is consistent with previous work in boys
and girls [27], and in both younger [27] and older [28]
children. Although the cross-sectional nature of ISCOLE
cannot provide information on causality, findings from a
previous study show that fat mass is a significant predictor
of sedentary time, but sedentary time is not a predictor of
fat mass in children of the same age [29]. This is consist-
ent with numerous other studies that have shown a
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Table 4 Univariate correlates of self-reported screen time®

Total Boys Girls
Variables B-coefficient  SE p-value B-coefficient  SE p-value  B-coefficient SE p-value
Anthropometric”
Percent body fat 001 0.00 oo1s 0.01 0.01 0.0677 0.1 0.:01 0.0329
Waist circumference 0.0 0.00 00010 0.01 0.00 0.0325 0.01 0.0 0.0045
EMI z-score 007 0.03 00085 0.07 0.04 0.0930 0,09 0.04 0.0167
Behavioural characteristics
Unhealthy eating score 0.13 003  <0.0001 0.08 0.03  0.0248 0.26 005 =0.0001
Healthy eating score =011 0.03 <0.0007 0.07 0.03 0.0248 0.26 0.05 =0.0001
Weekday breakfast consumption Q07 ol 07118 -0 041 06117 -012 021 05823
Weekend breakfast consumption —0.45 0.20 00250 —0ue 027 0.7545 —D.66 0.30 0.0257
Commute to school —0.09 006 01634 -2 0o 0.8381 —0.14 Ll —01384
Sleep quality o oo 03687 0.31 0.14  0.0309 —0.05 LR 0.6803
Sleep quantity 013 oo 0.1035 0.25 013 0.0507 0.08 o4 05728
Self-report FA 0.13 006  0.0213 017 0.08  0.0427 0. e 01880
Family situation
Mother weight status 019 0.06 L0117 0.10 ooa 02612 0.29 0.08 0.0005
Father weight status o 006 0.1001 0.1 008 01678 0.10 e 02157
Maother education —0.15 0.08 0.0596 -024 008 02731 -0.19 o.m 0.0837
Father education -0.35 007  =0.0001 -0.21 0.17  0.0459 -0.47 010  <0.0001
Household income —0.19 006 0.0012 -0.24 0.08  0.0038 -0.20 0.08  0.0144
Home environment
# of TV's in home 0.15 0.06  0.0153 0.24 0.09  0.0000 0. o 0.2041
TV in bedroom —0.32 007  =0.0001 -0.28 011 0.0093 -039 010  0.0002
Automaobiles in home —0.00 o2 00684 007 a7 06630 —0.08 a5 05696

“Multi-level general linear model controlling for sex, and ethnicity with school as a random effect, unstandardized beta coefficients are presented. BISCOLE used a
variety of measures to assess adipasity, all of which were significant in univariate analyses. To build the final models, stepwise addition was used to determine
which measure of adiposity provided the closest fit for the data. Akaike information criterion, Bayesian information criterion, and level of significance were used to

determine model fit. Waist crcumference alone provided the best fit.
PA: physical activity: 5E: Standard Error; TV: television.
NOTE bolded data indicates significance (p=<0.10].

significant relationship between higher weight status/adi-
posity and higher levels of sedentarism in children and in
adults [4,30]. Recent work in adults has shown that indi-
viduals with high accelerometer measured SED, and indi-
viduals with high self-reported ST are more likely to have
metabolic syndrome compared to those in the lower SED
and ST groups [31]. We also saw that mother’s weight sta-
tus (being overweight or obese) was a predictor for higher
5T in girls, but not boys (p < 0.0001, data not shown).

Our work showed a significant relationship between
unhealthy/healthy eating pattern scores and ST, but not
with SED. This may be partly due to increased energy
intake, primarily through energy dense snacking, while
watching TV [32]. Previous work has shown that both
boys and girls who report high levels of reading or
homework consume significantly less percent of energy
from fat that those who reported low levels of reading
or homework [33]. Consistent with previous work

Z

[33,34], we showed that higher scores unhealthy eating
pattern (i.e., a more unhealthy diet) and lower scores for
healthy eating pattern (ie., a more healthy diet) are cor-
relates of ST for boys and girls. Previous research from
Utter et al. showed that girls and boys who reported the
highest screen time consumed 300-400 calories more
per day than those who reported the lowest screen time
[33]. Although we are unable to comment on the quan-
tity (i.e., number of calories) of energy intake, the asso-
ciation of ST with consumption of energy-dense foods,
such as soft drinks, fried food, and unhealthy snacks, is
consistent with current results, as well as other work
using the [ISCOLE Canada dataset [35].

For SED, potential correlates {except weight status and
healthy/unhealthy diet scores) were re-coded as dichot-
omous variables. The advantage of this approach was
that all variables were on approximately the same scale,
so that the strength of the association of each correlate
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could be examined, and interpreted as a proportional in-
crease in the outcome variable (e.g., a unit increase in
the beta coefficient for a correlate of SED, represented
an approximate increase of one minute per day of SED)
(Table 5). This information can help inform public
health interventions to reduce SED. Poor self-reported
sleep quantity represented an approximate increase of
22.3 minutes of SED per day, and having more TVs in
the home represented an approximate increase in
14.5 minutes of SED per day. Because 5T was measured
as a score, instead of hours per day, it could not be
interpreted the same way, but strength of association
can still examined. Not eating breakfast on the weekends
and having two or more TVs in the house was associated
with the largest increase in ST score.

Self-reported number of days being physically active for
greater than 60 minutes was not a correlate of SED or 5T.
To understand the significance of this finding, we re-ran
the models to include accelerometer-derived variables (in-
tensities as well as average counts per minute) instead of
the self-report physical activity (data not shown). When
included, LPA, MVPA, and total accelerometer activity
counts were all found to be significant correlates of SED,
but not for ST. This was true when including the mowve-
ment variables by themselves, or when including combi-
nations of different intensity levels. There is debate as to
whether to include more than one movement variable in
the same model because although they may not be highly
correlated (Le, no issues with multicollinearity), they are
also dependent on each other since they are derived from
the same measurement device (Le. proportional error). In-
cluding accelerometer-derived activity variables can also
mask variance that could be attributed to other potential
correlates,

Consistent with previous work, we found that self-
reported 5T explained only a small portion (approximately
33%) of accelerometer measured SED [10]. ST did have an
upper limit of 10 hours per day (5 hours of TV viewing
and 5 hours of video/computer games) but few partici-
pants reported >5 hours of TV per day (3% and 9% on
weekdays and weekend days, respectively) or »5 hours of
computer/video games per day (1% and 6% on weekdays
and weekend days, respectively). While accelerometers are
able to provide accurate information on activity for the
whole day, they are not able to detect the difference be-
tween some activities (eg., standing still versus sitting
still), and are not able to provide any context for the be-
haviour (e.g, reading versus watching TV) [36]. This sug-
gests that there is a large proportion of daily SED that is
unaccounted for by measuring 5T alone. Future work
should aim to understand correlates, and related health ef-
fects (both positive and negative) of other, non-screen
based sedentary behaviours (e.g., reading a book, passive
transportation).

Page 10 of 12

Future work should also aim to understand how tech-
nology influences the use of electronic devices in daily life.
This is important for health care providers when planning
public health strategies to reduce SED and 5T, and for
sedentary behaviour researchers when defining SED and
ST. For example, with the advent of smart phones, and
tablet computers, sedentary multi-tasking is common; a
child is able to watch TV, play on the computer, and use a
smart phone at the same time. Further, a device can be
multi-purpose (e.g., can be used as TV, video game, book,
musical instrument, computer, etc.). We know very little
about how this affects healthy growth and development.
Future work needs to better understand possible associa-
tions (negative or positive) with both screen- and non-
screen based behaviours to help inform public health
MESSAZES.

This paper has both strengths and limitations. Acceler-
ometers have been shown to be a valid tool to measure
activity of all levels of intensity. However, it is well-
understood that a hip-placed monitor is less effective in
distinguishing sedentary postures, like lying or sitting,
from other very light intensity activities performed
while standing; further, accelerometers cannot accur-
ately capture upper body movements, cycling, or activ-
ities when the monitor is removed. For ISCOLE,
algorithms were used to distinguish sleep from SED.
The algorithms have been validated and published [37],
and accelerometer cut points for SED have high sensi-
tivity [19], but there is always the possibility of mis-
classification. Many potential correlates of SED and 5T
were based on child- or parent-report, which is subject
to either over- or under-reporting. It is also possible
that these correlates are unique to Canadian children in
the current study, and caution should be used when
generalizing these results to other populations. Further,
it would have been beneficial to include additional po-
tential correlates related to the family environment (e.g.,
parenting rules and restrictions relating to ST, parental
ST habits) [38]. Finally, causality of correlates identified
here cannot be determined from cross-sectional data
and future studies using a longitudinal design will be
needed to address this issue.

Conclusion

This study aimed to identify correlates of objectively mea-
sured total SED and self-reported ST in Canadian children.
For both SED and ST, some of the correlates we identified
are easily modifiable (eg. reducing the number of TVs
present in the home), while others may require more intense
behavioural interventions (eg. reducing waist circumfer-
ence). Overall, we were able to identify a wider variety of
correlates of ST than of SED. Future work should examine
the relationship between a range of sedentary behaviours,
including non-screen  based pursuits, across a  more
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public health strategies and messages.
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Abstract

Purpose

Previously, studies examining comelates of sedentary behavior have been limited by small
sample size, restricted geographic area, and little socio-cultural variability. Further, few
studies have examined comelates of total sedentary time (SED) and screen time (ST) in the
same population. This study aimed to investigate correlates of SED and ST in children
around the world.

Methods

The sample included 5,844 children (45.6% boys, mean age = 10.4 years) from study sites
in Australia, Brazil, Canada, China, Colombia, Finland, India, Kenya, Portugal, South Af-
rica, the United Kingdom, and the United States. Child- and parent-reported behavioral,
household, and neighborhood characteristics and directly measured anthropometric and
accelerometer data were obtained. Twenty-one potential correlates of SED and ST were
examined using multilevel models, adjusting for sex, age, and highest parental education,
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with school and study site as random effects. Variables that were moderately associated
with SED and/or ST in univariate analyses (p<0.10) were included in the final models. Vari-
ables that remained significant in the final models (p<0.05) were considered correlates of
SED and/or ST.

Results

Children averaged 8.6 hours of daily SED, and 54.2% of children failed to meet ST guide-
lines. In all study sites, boys reported higher ST, were less likely to meet ST guidelines, and
had higher BMI z-scores than girls. In 9 of 12 sites, girls engaged in significantly more SED
than boys. Common correlates of higher SED and ST included poor weight status, not meet-
ing physical activity guidelines, and having a TV or a computer in the bedroom.

Conclusions

In this global sample many commaon correlates of SED and ST were identified, some of
which are easily modifiable (e.g., removing TV from the bedroom), and others that may re-
quire more intense behavioral interventions (e.q., increasing physical activity). Future work
should incorporate these findings into the development of culturally meaningful public
health messages.

Introduction

Physical inactivity and sedentary behavior have been independently associated with a wide
range of negative health indicators including obesity, poor cardio-metabolic health, and poor
psychosocial health [1-4]. Sedentary behavior is characterized by waking behaviors that re-
quire little energy expenditure and that occur in a sitting or reclined position [5]. Total seden-
tary time (SED) can be further classified by a variety of specific sedentary behaviors such as
reading, playing quietly, watching television (TV), using the computer, or playing video games.
Previous work has relied largely upon self-reported sedentary pursuits, and focused largely on
screen time (ST), which usually entails some combination of watching TV, playing video
games, and/or using the computer [4]. Although ST is often used as a proxy measure for SED,
ST accounts for only about a third of SED [6], with the rest of the SED being spent in a variety
of other pursuits such as reading a book, passive transport, or eating. With the widespread use
of accelerometers, researchers are able to capture objectively measured SED throughout the
day [7]. This is important since increased ST is consistently associated with poor health in chil-
dren and youth, but the relationship between increased SED and increased disease risk is less
clear [8,9].

In developed countries, those in lower socio-economic levels and those belonging to ethnic
minorities are more likely to be sedentary [10,11]. In under-developed, or developing coun-
tries, the trend is reversed, with those with the highest socio-economic status being most seden-
tary [12]. Previous work has also shown that early adolescence is a commeon time for levels of
moderate- to vigorous-intensity physical activity to decline, and for SED (including ST) to in-
crease [10,13]. Further, differences in levels of physical activity and SED due to socio-cultural
factors are largely established during this developmental period [10]. Therefore, pre-adoles-
cence may be a particularly important time to prevent the development of poor behavior
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habits, including decreased participation in physical activity of all intensities, and increased at-
traction to screen based SED.

A review examining the correlates of TV viewing in youth suggested that those who watched
the most TV were pre-adolescents (i.e., aged 9-13 years), from families of lower socio-econom-
ic status, from single parent households, and those belonging to ethnic minorities (with African
American children watching the most TV) [ 14]. However, this review was largely informed by
North American studies (72% of included studies), and focused exclusively on TV viewing,
The authors identify these limitations and go on to recommend that future studies use an eco-
logical framework to understand a broad range of intrapersonal, interpersonal, and environ-
mental correlates of sedentarism. Since this review, many studies have examined correlates of
sedentarism, including several that have used direct (i.e., accelerometer) measurement to assess
SELY, however, they have been limited by small sample sizes, restricted geographic area, and/or
little socio-cultural variability [ 15]. Temmel and Rhodes [15] identified 64 studies that exam-
ined the correlates of SED in young people. Although the review included studies from coun-
tries all over the waorld, very few studies included multi-national populations using the same
methodology. In fact, the most geographically diverse study sample came from the Health Be-
haviors in School-aged Children survey (HBSC), which included only self-reported data from
developed countries.

The International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE)
represents the most current, directly-measured, harmonized dataset focused on lifestyle and
obesity among children from all regions of the world. The aim of the present analysis was to in-
vestigate the correlates of SED and ST in a large multi-national sample of 10 year-old children
from diverse cultural and socioeconomic backgrounds.

Methods
Data Source

ISCOLE is a multi-site, cross-sectional study conducted in 9-11 year-old children from sites
in 12 different countries { Australia, Brazil, Canada, China, Colombia, Finland, India, Kenya,
Portugal, South Africa, United Kingdom, and United States) [16]. The primary aim of
ISCOLE was to determine the relationships between lifestyle behaviors and obesity in a multi-
national study of 9-11 year-old children. Further, ISCOLE aimed to investigate the influence
of higher-order characteristics such as behavioral settings, and the physical, social and policy
environments, on the observed relationships within and between countries [16]. To ensure
ISCOLE represented a variety of backgrounds and circumstances, study sites were chosen
from diverse geographic regions around the world (i.e., Europe, Africa, the Americas, South-
East Asia, and the Western Pacific) and across different levels of socio-economic indicators
(i.e., World Bank income classification, Human Development Index, and the Gini Index). Ad-
ditional details on study design, participating countries, and full methodology have been pub-
lished elsewhere [16].

Data collection for ISCOLE occurred from October 2011 until December 2013 with a goal
of recruiting at least 500 participants, aged 9-11 years, from each study site. Data collection
strategies varied slightly by ISCOLE site; details on site-specific recruitment strategies can be
found in the ISCOLE methods paper [16]. The ISCOLE coordinating center, located at the
Pennington Biomedical Research Center in Baton Rouge, Louisiana, was responsible for overall
administration of the study. This project was approved by the relevant research ethics boards
at Pennington Biomedical Research Center, at each ISCOLE study site, and at the respective
school boards. Written informed parental consent and child assent were obtained for all
participants.

PLOS ONE | DOI:10.1371joumal. pone.0129622  June 11, 2015 3/20

12C



@TPLOS | ONE

Caorrelates of Sedentarism in ISCOLE

Dependent Variables

Accelerometer measured sedentary time. The ActiGraph GT3X+ triaxial accelerometer
(ActiGraph LLC, Pensacola, FL, USA) was used to objectively measure SED. Participants were
asked to wear the accelerometer, attached to an elastic belt around the waist at the right mid-
axillary line, for 7 consecutive days, 24 hours/day, removing only for water activities (e.g., bath-
ing, swimming). Children received instruction during the initial in-school assessment on how
to wear the accelerometer. To increase compliance a variety of measures were used across dif-
ferent countries including in-person compliance checks, and phone calls to the participants’
parents to ensure the child was wearing the accelerometer correctly.

Data reduction strategies limited the analytical dataset to participants who provided at least
four days of valid measurements (including at least one weekend day), with at least 10 hours/
day of waking wear time [17,18]. Data were collected at a sampling rate of 80 Hz, downloaded
in 1-second epochs, and aggregated to 15-second epochs for analysis [19]. To determine SED,
total sleep period time and non-wear time were identified using validated procedures [20]. For
the current analysis, SED was defined as all epochs showing <25 counts/15 seconds, consistent
with widely used cutoffs from Evenson et al. [19].

Self-reported screen time. Child-reported screen time was determined from a Diet and
Lifestyle Questionnaire, with questions taken from the U.S. Youth Risk Behaviour Surveillance
System [16,21]. Children were asked how many hours they typically watched TV, and how
many hours they played video games and/or used the computer during their discretionary
time, per week day, and per weekend day. Responses were: 0 =1 did not watch TV, 1 =<1
hour of TV, 2 = 2 hours, 3 = 3 hours, 4 = 4 hours, 5 = =5 hours of TV. A weighted mean score
of hours of daily ST was calculated as follows: [(hours of TV on weekdays x 5) + (hours of TV
on weekend days x 2) + (hours of video games and computers on weekdays x 5) + (hours of
video games and computers on weekend days x 2)]/7. For analysis, this is presented as a ST
score, rather than total hours of 8T since after 5 hours/day, we could not ascertain the partici-
pant’s actual amount of ST. Self-reported methods for quantifying ST have acceptable reliabili-
ty and validity in children [7]. After testing for normality, ST was log-transformed for analysis
and analyzed as a continuous variable. 8T was also presented as those who did not meet ST
guidelines of <2 hours/day [22].

Potential Correlates

Twenty-one potential correlates of SED and/or ST were included in the analysis. Correlates in-
cluded directly measured, child-reported, and parent-reported variables and were chosen
based on the previous literature and the plausibility of their relationship with SED and/or ST
[14,15]. See Table 1 for details on response categories and additional measurement details.
Anthropometric variables. Anthropometric data (i.e., height, weight, waist circumfer-
ence, percent body fat) were directly measured by trained ISCOLE researchers during an in-
school visit according to standardized procedures and measurement tools [16]. Height (to the
nearest 0.1 cm) was measured using a Seca 213 portable stadiometer (Hamburg, Germany).
Weight (to the nearest 0.1 kg) and body fat percentage (to the nearest 0.1%) were measured
using a portable Tanita SC-240 Body Composition Analyzer (Arlington Heights, IL, USA). The
Tanita SC-240 has shown acceptable accuracy for estimating body fat percentage when com-
pared with dual-energy X-ray absorptiometry, supporting its use in field studies [23]. Body
mass index (BMI) was calculated (kg/m2), and BMI z-score, based on age and sex, was deter-
mined using the World Health Organization (WHO) cut-offs for all participants [24]. Waist
circumference (to the nearest 0.1 cm) was measured using a non-elastic anthropometric tape
after a normal exhalation, at the mid-point between the top of the iliac crest and the bottom of
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Table 1. Potential correlates of objectively measured sedentary time (SED) and self-reported screen time (ST).

Variable Measurement method Use in analysis
Demographic and biological
Sex Parent-report: Demographic and Family History Binary variable: male, female (used as a covariate)
Questiennaire
Percent body fat Directly measured using Tanita SC-240 Body Continuous
Composition Analyzer
Waist circumference Directly measured by ISCOLE researcher Continuous
BMI z-score Directly measured height and weight, calculated using Continuous
WHO criteria [24]
Behavicral characteristics
Healthy and unhealthy Child-reported foed frequency questionnaire: ISCOLE Continuous: obtained from a principal component analysis
edting pattern scores Diet and Lifestyle Questionnaire derived from a 23-item food frequency questionnaire
Commute to school (main Child-reported: ISCOLE Diet and Lifestyle Questionnaire  Re-coded as dichotomous: active (walking, bicycle/rollerblade/
part of joumey) skateboard/scooter), and inactive (busftrainftram/
underground/boat, carmotorcycle/moped)
Sleep (in the past week) Child-reported; ISCOLE Diet and Lifestyle Questionnaire  Re-coded as dichotomous: “very badfairly bad™ and “very
goodfairly good™
Physical activity Child-reported: ISCOLE Diet and Lifestyle Questionnaire  Categorical: Child-report engaging in moderate- to vigorous-

intensity physical activity for at least 60 minutes (8 responses:
0 days, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7
days). Was included in the model re-coded as those active
more and less than 6 days in the past week.

Qutdoor time (before school,  Child-reported: ISCOLE Diet and Lifestyle Questionnaire  Re-coded as dichotomous: <2 heurs and =2 hours before

after school, and weekend) school, after school, or on weekends
Family situation
Parental BMI Parent-reported. Demographic and Family History Re-coded as dichotomous for mothers and fathers: normal
Questionnaire weight, or overweightiobese
Parental work status Parent-reported: Demographic and Family History Re-coded as highest level of parental employment: <part ime,
Questiennaire =part time:
Parental education Parent-reported. Demographic and Family History Re-coded as highest level of parental education (used as a
Questiennaire covanate): <high school, and >high school
Home and neighborhood environment
Number of TVs in home Parent-reported: ISCOLE Neighborhood and Home Re-coded as dichotomaous: <1, and =2
Environment Questionnaire
TV in bedroom Child-reported: ISCOLE Diet and Lifestyle Questionnaire;  Binary response: yesino

Parent-reported: ISCOLE Neighborhood and Home
Environment Questionnaire

Computer in the bedroom Parent-reported: ISCOLE Neighborhood and Home Binary response: yesino
Ervironment Questionnaire

Automobile ownership Parent-reported: ISCOLE Neighborhood and Home Continuous: number of working automobiles owned per
Environment Questionnaire household. Re-coded as dichotomous: <2 and =2,

Trusted neighborhood Parent-reported: ISCOLE Neighborhood and Home Re-coded as binary: “disagreed/strongly disagreed”, and
Ernvironment Questionnaire “agreed/strongly agreed”

High crime in neighborhood ~ Parent-reported: ISCOLE Meighborhood and Home Re-coded as dichotomous: “disagreed/strongly disagreed”,
Ernvironment Questionnaire and “agreed/strongly agreed”

Neighborhood is walkable Parent-reported: ISCOLE Neighborhood and Home Re-coded as dichotomous: “disagreed/strongly disagreed”,
Ernvironment Questionnaire and “agreed/strongly agreed”

BMI: body mass index; ISCOLE: International Study of Childhood Obesity, Lifestyle and the Environment; TV: television; WHO: Word Health Organization

dni-10.1371fournal pone.01 29622 1001

the last floating rib, directly against the skin (except in Australia where measures were taken
over light clothing).

Child-reported behavioral characteristics. Participants completed the ISCOLE Diet and
Lifestyle Questionnaire, containing questions asked to the child related to dietary intake,
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physical activity, ST, and sleep [16]. The questionnaires were generally completed during the
ISCOLE schoal visit, at the same time that anthropometric measurements were obtained and
that the accelerometers were distributed. Children completed a Food Frequency Questionnaire
(FFQ) adapted from the HBSC study [25], which asked how often they consumed 23 food
items in a usual week. To identify existing dietary patterns among the study population, prind-
pal components analyses were carried out using the FFQ) food groups as input variables (ex-
cluding fruit juices due to low validity) (unpublished analysis). Eigenvalues and a scree plot
analysis were used as the criteria for deciding the number of factors extracted. The two criteria
lead to similar conclusions and two factors were eventually chosen for each analysis. The fac-
tors were then rotated with an orthogonal varimax transformation to force non-correlation of
the factors and to enhance the interpretation. Two factors were included in this manuscript as
exposure variables: “unhealthy eating pattern score™ (e.g., hamburgers, soft drinks, fried food;
higher score means worse eating pattern) and “healthy eating pattern score” (e.g., vegetables
and fruits; higher score means better eating pattern). Children were asked how they got to
school most days (e.g., walking, car), how much time they spent outside (before school, after
school, and weekend), and sleep quality and quantity. Finally, to assess if children met current
physical activity guidelines, children were asked how many days they engaged in at least 60
minutes of moderate- to vigorous-intensity physical activity [26].

Parent-reported home and neighborhood environment. A Demographic and Family
History Questionnaire, and a Neighborhood and Home Environment Questionnaire contained
questions for parents related to their home and neighborhood environment [16]. The parent
filling out the questionnaire was asked information specific for the “mother” and the “father”.
In particular, they were asked to report the highest level of education {ranging from “less than
high school” to “post graduate degree”), employment (ranging from “not at all” to “full time”),
height, and weight for themselves and their co-parent. The parent-report questionnaires were
sent home with the child at the same time as the parent-consent forms and collected during the
in-school visit. Parents were contacted if there was missing information, or if the responses

needed to be clarified.

Statistical Analysis

Statistical analyses were conducted using SAS 9.4 (SAS Institute Incorporated, North Caro-
lina, USA). Descriptive information (means, standard deviation, frequencies as appropriate)
was calculated for demographic and anthropometric characteristics of all participants and
their parents. Unpaired t-tests and chi-square tests were used to test differences between boys
and girls. Multilevel general linear models (PROC MIXED), including school and ISCOLE
study site as random effects, were used to determine correlates of SED and ST. Potential corre-
lates (see Table 1 for details) were first included in univariate models; variables that were at
least marginally significant (p<0.10}, were subsequently included in domain-specific models
similar to those outlined in the social ecological model proposed by Owen et al. for SED [27]
(i.e., biological characteristics, behavioral characteristics, parental characteristics, and home
and neighborhood environment). Variables that showed at least marginally significant associ-
ations (p<0.10) with SED or ST in the domain-specific models were included in the final
model (results of domain-specific models not shown). Variables that remained significant
(p=0.05) in the final model were considered correlates of SED and/or ST. To show significant
correlates across sites, we ran the final models for SED and ST in each site country separately
(keeping schools as a random effect). To show differences in levels of SED and ST between
boys and girls in each site, we ran sex by site interactions and computed the least square
means (LSMEANS) of fixed effects.
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Total sample n = 7372

. Missing data (n =)

Height/weight = 31

Accelerometer = 819

Screen time score = 45

Parental education = 399

Parental work status = 413

Mother's weight status = 17

Father's weight status = 10
Unhealthy/healthy eating pattern score = 173
School transport =70

Sleep quality/quantity = 43

Neighbourhood walkability = 513
Neighbourhood crime = 508

Mumber of TVs in the house = 388

TV in the bedroom (child-reported) = 46
TV in the bedroom (parent-reported) = 443
Computer in the bedroom = 474

Time spent outdoors = 54

L
Analytical sample n = 5844

Fig 1. Participants with missing data. A total of 1528 participants were excluded due to missing data, some
participants had missing data for more than one variable.

doi:10.1371journal pon. (129622.g001

Child’s sex, age, and their parent’s highest level of education were included as covariates for
all models. These covariates were selected based on the plausibility of their potential confound-
ing effect and because of their known associations with SED and/or ST [15]. The Kenward-
Roger approximation (DDFM = KR) was used to calculate degrees of freedom [28]. Multicolli-
nearity was tested using tolerance and variance inflation factors, and results indicated no issues
with multicollinearity [29]. Analyses were conducted and presented for the total sample, and
separately for boys and girls.

Results

Complete data for the outcomes of interest and all investigated correlates were available

for 9-11 year-old children from Australia (n = 454), Brazil (n = 427), Canada (n = 502),
China (n = 487}, Colombia (n = 836), Finland (n = 542}, India (n = 540), Kenya (n = 464),
Portugal (n = 547), South Africa (n = 306), United Kingdom (n = 407), and the United States
(n =422). Missing data were found for 1528 participants (Fig 1); due to the large number of
participants with missing data, sensitivity analysis was performed (Data not shown). Partici-
pants excluded from the present analysis engaged in similar levels of SED, but had higher
BMI z-scores, and lower ST scores than those included in the analysis; more boys were also
excluded from the analysis due to missing data. As per the ISCOLE study design, included
countries varied considerably in their population size and level of wealth and human develop-
ment. Across the total sample, the largest fraction of the total variance in both SED and ST
was explained by individual-level factors (78.0% and 83.7%, respectively), followed by sites
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Table 2. Descriptive characteristics of all participants (n = 5,844).

ISCOLE site World Bank Parental higher Participants (n, Age (years, Weight SED ST Not meeting 5T
country (eity) ranking education? (% boys)) mean (SD)) Status=(n, (%) (hr/ score”  guidelines
(income) {m, (%)) OWIOB) day) {m, (%))

Australia High 364 (80.2) 454 (46.0) 10.7 (0.4) 169 (37.2) 79 28 266 (58.6)

[Adelaide) (1.0 1.8)

Brazil (Sao Uppermiddle 172 (40.3) 427 (48.0) 10.5 (0.5) 195 (45.7) 8.3 3.7 300 (72.4)

Caetano do Sul) (1.4) 2.3)

Canada (Ottawa) High 458 (91.2) 502 (41.6) 10.5 (0.4) 154 (30.7)" 8.5 24 227 (45.2)
1.0 (1.9

China (Tianjin) Uppermiddle 240 (49.3) 487 (52.0) 9.9 (0.5) 204 (41.9)" 9.4 18 164 (33.7)
i) 0.9

Colombia Uppermiddle 281 (33.6) 836 (49.3) 10.5 (0.6} 192 (23.0) 8.3 29 552 (66.0)

(Bogotd) (1.1} 1.5)

Finland (Helsinki, High 3 (73.2) 452 (46.9) 10.5 (0.4) 110(24.3) 8.8 27 257 (56.9)

Espoo, Vantaa) (1.2) (1.7)

India (Bangalore) Lowermiddle 448 (83.0) 540 (45.6) 10.4 (0.5) 173 (32.0) B.6 18 169 (31.3)
) (1.3

Kenya (Mairobi) Low 298 (64.2) 464 (45.9) 10.2 (0.7) 90 (19.4) 8.2 24 246 (53.0)
i) {19

Portugal (Porto)  High 116 (21.1) 547 (43.0) 10.4 (0.3) 250 (45.7)" 8.2 23 26h (48.5)
1.0y (1.5

South Africa Uppermiddle 31 (29.7) 306 (40.0) 10.2 (0.7) 80 (26.1) 8.2 31 191 (62.4)

(Cape Town) (1.1} (2.1}

UK (Bath, North ~ High 294 (72.2) 407 (42.8) 109 (0.5) 111 (27.3) 8.3 29 275 (B7.6)

East Somerset) (1.0} (1.7)

US (Baton High 313 (74.2) 422 (41.0) 9.8 (0.6) 160 (37.9) 8.7 31 247 (58.5)

Rouge) (1.0) 12.3)

All sites 3406 (58.3) 5844 (45.6) 10.4 (0.6) 1888 (32.3)' B.6 2.6 3158 (54.2)
(1.2) (1.8

SMumber (%) of sample who had at least one parent complete mare than at least high school education (i.e., at lzast some college/university).

*Number (%) with WHO BMI z-score classification overweight or obese

'Sites where boys had significanily higher values than girls (p<0.05).

ST score = [(hours of TV on weekdays x 5) + (hours of TV on weekend days x 2) + (hours of video games and computers on weekdays x 5) + (hours of
video games and computers on weekend days x 2)/7

#Mumber (%) of children not meeting guidelines for <2 hours of screen time/day, in all sites, girls were significanty more likely to meet guidelines than
boys (p=0.05).

BMI: Body Mass Index; SED: sedentary time; SD: standard deviation; ST: screen time; UK: United Kingdom; US: United States; OW/OB: overweight/
obese.
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(13.0% and 9.2%) and schools (9.1% and 7.1%). Table 2 presents the means and frequencies
of the descriptive variables.

Fig 2 shows the mean SED (Panel A), and ST scores (Panel B) across all ISCOLE sites. Over-
all, boys had higher ST scores (mean difference = 0.57), were less likely to meet 5T guidelines
(54.2% of boys versus 68.2% of girls), and tended to have higher BMI z-scores (mean differ-
ence = 0.16) than girls. In several study sites (9/12), girls engaged in significantly more SED
than boys (mean difference = 0.29 hours/day). China, Portugal, Finland, the U5, and Canada
had higher levels of SED than the ISCOLE average (8.6 hours/day). Brazil, the US, South Africa,
Finland, the UK, Colombia, and Australia had higher ST scores than the ISCOLE average (2.6
hours/day). India had the highest percent (68.7%), and Brazil had the lowest percent (27.6%)
of participants meeting ST guidelines (<2 hours per day) [22].
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