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Abstract

Children with physical disabilities spend most of their time sedentary and often experience
barriers to physical activity participatioimcreased sedentary behaviour has been assouidked
increased risk of cardiovascular disekder in lifeand convesely, increased physical activity is
associated with decreased risk of cardiovascular dis@#ske there has been research describing
physical activity of children with physical disabilities, sedentary behavugar relatively new
focus of researchrhis thesis is comprised of two studies: a scoping review (Chapter 2) and a
crosssectional, descriptivetudy (Chapter 3)The scoping revievis a summary of research on
sedentary behavioum children with physical disabilitiedviost of the studies wexservational
and confirmed thaambulatorychildren with physical disabilities spend a large amount of their
time sedentaryAccelerometry was the mashtmmon measurememtethodfor measure sedentary
behavioumith children with cerebral palspnly threenterventional studidsavebeen conducted
to evaluate the effects of interventions on decreasing sedentary behaviour. Nonstodlitse
supported the effectiveness of theerventions The aim of lhis crosssectional, descriptivstudy
was to exploresdlf-efficacy asa predictor ofsedentary behaviour and moderate to vigorous
physical activitytime of children with cerebral palsyotal participants with sufficient data were
26 children withcerebral palsyaged 918 yearswere includedn the analysis Two regression
models were developeathich includedge self-efficacyandGrossMotor FunctionClassification
System levelsindependent variabéeand proportion of time spent sedentary emchoderate to
vigorous physical activityintensity as dependent variable€orrelation coefficients were also
calculated to examine associations between these varighlégtion in daily sedentargime was
partially explained bygross motor functiorfb = .43, p<.01)and ageb = .60, p<.01)(R?=.58).

Variation in daily moderate to vigorous physical activity time wasially explained bygross



motor function(b = -.46, p<.01), age (b -.34, p<.01)and seHefficacy (=.28, p=.08 (R?=.50).

Self-efficacy wasnegatively associatewith sedentary behaviour time @33, p=.04) and

positively correlated with time speim moderateo vigorousphysical activity(r=.42, p=.01) but

ddnot significantly contri but28 p=08.Givehthesmalll t i p| e
sample sizemore research othe relationship betweeself-efficacy and physical activityand

sedentary behaviour in children witerebral palsyis needed Embedding assessment and
strategies to develop sadfficacy in ghysical activityand sedentary behavior coefisig could

potentially be included in physical therapy interventions.
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Chapter 1
I ntroduction
Cerebral palsy

Cerebr al pal sy is defined as fAgroup of
movement and posture, causing activity limitation, that are attributed to nonprogressive
disturbances that occurred in the developing fetal armt K1) (pgi9nCerebral palsys one
of the most common neurodevelopmentighbilties with a prevalence of approximately 2.11 per
1,000 live births(2). Children with cerebral palsyexperience challenges with coordination,
selective motor control, postural control, muscle weakness and muscle and joint contfaetlres
These impairments can affect functional mobility ranging from challenges with balance and
coordination during higher level motor skills, such as running, to difficulty initiating voluntary
movement.

It is well known that regular participation in phydieativity is important for the physical,
mental and social health of all children, including children with disabilifte§). However,
children withcerebral palswre less physically active, spend more time sedentary, and engage in
more recreation screen tirig8). In fact, there is evidence that ambulatory children w&ttebral
palsy spend the majority of their day (7#®%) sedentary and engage in moderate to vigorous
physical activity for a very small proportion-f26) of their day(9). Over the past ten yedhere
has been more attention on increasing physical activity for childrercerngbral palsyo improve
functional abilities and loag-term health(9). Given the clinical emphasis and the known benefits
of physical activity in the general population, it is importaniniderstand the factors that facilitate
increased physical activity among children wagrebral palsyespecially given the challenges

that children withcerebral palsynay face sustaining physically activity over the ldagn.



Conceptualization and meaurement of physical activity and sedentary behaviour in
children with cerebral palsy

Physical activityis described as any body movement using skeletal muscle that results in
energy expenditure > 1.5 metabolic equivalent of task (MET), while sedentayidnahis defined
as any waking behaviour characterized by an energy expenditure 1.5 or less MET while in a sitting,
reclining or lying postur€10,11) Therefore, the spectrum physical activityincludesphysical
activity and sedentary behaviour. These constructs should be treated indepgii@@biicause
they have unique contributions to leteym cardiovascular healtfi3). For example health
benefits effects ophysical activityhave been identified for scheayed youth. A systematic
review reported thaphysical activityimproves adiposity levels in those with a normal body
weight, blood pressure in normotensive youth, plagochand lipoproteins levels, cardiovascular
risk factors (inflammatory markers, endothelial function and heart rate variability), and mental
health outcomes (setfoncept, anxiety and depressidf). In addition, researctvith typically
developing children aged 104 years old has revealduht children who hae more prolonged
sedentary bouts (020 min per day) have 1incre:
engaged in longer daily breaks of sedentary time have a lower risk of abdominal obesity and
elevated blood pressu(&4). Increased cardiometabolic risk associated with increased sedentary
behavior exists independent pifiysical activityand therefore children who meet the recommended
guidelines forphysical activity may still be at risk if they spend a significant amount of time
sedentary.

Researchers evaluatipyysical activityprograms hve used subjective and objective tools
to measurghysical activityand sedentary behaviour in children wagrebral palsySubjective

tools include questionnaires such as the Physical Activity Questionnaire for Adolescents (PAQ



A) (7), the childadapted activity questionnaire foruid and adolescents (AQUAALS), the
Activity Scale for Kidsperformance version (ASK{1L6), the Dutch questionnail@7), and the
Frequency of Participation in Physical Education at School and Physical Activity in Leisure Time
(18). Limitations with subjective methods include recall error, misrepresentation, and social
desirdility bias (19). Therefore, objective tools, such as accelatoynare considered to be the
gol d standard f ophysicebamtzvityr i ng chi |l drends

Accelerometers have been widely usex an objecyiveneasurephysical activityand
sedentary behaviour in children witkerebral palsy20). Triaxial accelerometers measure body
acceleration and combine this information into vector magnitRile The acceleration signal is
digitized and generates a series of numbers to represent acceleration known as the activity count,
expressed as counts per minute (CPM) over a certain period of time (epoch). The activity count
per minute is clasfsed according to established cut points to estinpdgsical activityintensity
(i.e., sedentary, light, moderate, vigoro(&2). Cut points for each intensity physical activity
have been determined for ady®8), toddlers (186 months)24), and children and adolescents
with cerebral palsy25,26) Even though accelerometers have been utilized to meplsysecal
activity and periods of sedentary behavior for people wéfrebral palsythey may not capture
extraneous limb movements frequently observed in children with more severe disabilities, thus the
ability to measure true activity, particularly for someone who uses a wheelchair, may be limited.
Predictors of physical activity andsedentary behaviour

Knowledge of predictors ophysical activityand sedentary behaviour could inform
approaches tphysical activityinterventions in pediatric physical therapith the exception of
gross motor function level, there has been limited research on the factors that predict physical

activity in children with cerebral pal€27). It is likely that a myriad factors influengahysical



activity levels including individual (personal) and environmental factors, including social and
policy environments. The Internatior@lassification of Functioning, Disability and Health (ICF)
(5) provides a useful conceptual framework for exploring factors that inflygmgsical activity
participation. The ICF model, a universal framework of human functioning includes two parts,
each with two componen(8). Part One, Body Functions and Structures, represents physiological
functions and anatomical parts of the body while Part Two deduihe components of activity,
(the execution of a task or action by an individuahd participation(involvement in a life
situatior). Contextual factors, including environmental and personal factors, are recognized as
potential influences on functiorgn Environmental factors can be defined as the physical, social
and attitudinal environment in which people live and conduct their lives and personal factors are
individual factors, such as gender, age and lifesBdéential predictors of physical activamong
children and youth with cerebral palsy are discussed in greater detail below, according to the
components of the ICF.
i) Activity component

Motor performancef children and youth witlterebral palsys typically classified and
described using thGross Motor Function Classification System (GMFCS), alével system to
categorize gross motor performance. GMFCS levels range from level |, children who can walk
without assistance and who may have some challenges with higher level motor skillas such
running, to children classified as level V, who have difficulty initiating voluntary movement and
are often transported in a manual wheelc{Z8). GMFCS levels have been associated with levels
of moderate to vigoroughysical activityand sedentary time for children in GM&devels |
(30). There is also evidence thatysical activitydecreases and sedentary behavior increases with

increasing GMFCS level@1i 33). For example, children classified as GMFCS levels Il to V



spend more time sedentary compared to those classified at GMFCS levels (2h34I136).
While gross motor function appears to be relateghhysical activitylevels in children with
cerebral palsytheinfluences of other potentially modifiable factors, such asefétfacy, have
not been thoroughly evaluatetbt been thoroughly evaluated.
i) Personal factors

Self-efficacy is a widely known precursor to behavichangeand therefore may play a
rolein predictingphysical activitylevels of children wittcerebral palsySeltefficacy, is defined
as foneds beliefs regarding their capability
out c o(38ea37). Itis one of the most important concepts of Social Cognitive Theory related
toexercisd38)as it relates to an individual éds confid
change(39). Individuals with strong sekfficacy pursue more challenging tasks, expend greater
effort and show persistence when they experience diffic{{i@s Research with children with
Developmental Coordination Disorder suggests that they might not perceive themselves to be
sufficiently adequate to meet their own personal performance expeci@inghis lower sense
of generalized seffficacy towardgphysical activitypredictsa promrtion of the variance in their
physical activity(41). Decreased se#fficacy may eplain why these children prefer sedentary
behaviarr and avoid structured physical activity to avoid risk of failure and humiligtddn. Self
efficacy has not specifically been evaluated as a factor contributing to physical activity of children
with cerebral palsy with one study being an excep{f). Low seltefficacy in children with
cerebral palsynay relate to their experiences of not feeling good enough or dependent on others
in physical activity participation (43). Understanding the role that selfficacy plays in

engagement irphysical activityis important since intervention programs aimed to increase



physical activityor decrease sedentary behaviour might be enhdaydedorporating seléfficacy
as a component of behaviour change.

The construct of sekéfficacy can be divided into regulatory and task efficé4).
Regul atory efficacy refers to an individual so
or barriers to performing an activif(0). Task efficacy represenei ndi vi dual 6s f ee
he/she can be more or less efficacious in different situations and/or particul§B7adBsth types
of selfefficacy have been correlated with physical activity behaviour in seigeal children who
are typically developing44). Research with children witterebral palsynas demonstrated that
perceptions of seléfficacy can be improved with targeted feedb@® and children with higher
levels of seHefficacy might independently overcome environmental barriers to be d2iye
However, little is known about how sadfficacy contributes to physical activity levels of children
with cerebral palsy.

Age may also play a role in determining the extent to which children and adolescents
engage irphysicalactivity. Age related differences physical activityand sedentary behavior are
present in children without disabiliti€d6). For example, sedentary behaviour patterns tend to
increase in early childhood and continue throughout adolescence and into ad(#thpdebr
children withcerebral palsyphysical activitypatterns can also vary over tirt®l,33,36,48)For
example, children witlterebral palsyare more physicafl active than adolescents witlerebral
palsy(31) and research has demonstrated that sedentary behaviour time in children with cerebral
palsy increases from 3 years of 48&). For example, one group of researchers reported that non
ambulatory toddlers witkcerebral palsyspend apprarately 74% of their time sedentary
compared to 93% ahe day fornon-ambulatory children wittterebral palsyaged 4 to 5 years

(3436).



iii) Environmental factors

Environmental factors ard ef i ned i n the | CF as the 0Oph)
environment in which peo(p.Eevirohmenta feaured havedeaen u c t
associated with accessibility to the community. For example, physical activity programs or clubs
for children with cerebral palsy suited to different ages and motor abilities, may increase physical

activity levels(49). Physicalctivity participation of children with cerebral palsy can be related to

parentsdé6 attitude and soci al acceptance by t
facilitate participation in physical activity50). Parentsd attitudes, cul
previous | ife experiences that influencse f ami

motivation to be physically activgb0). Moreover, qualitative research with parents of children
with devebpmental coordination disorder revealed that once their children mastered their goals,
they gained confidence and tried new activities that were important for social acceptance and
physical activity participatior{f51). More research is needed to understand the environmental

factors that impadPA levels of children witlterebral palsy

Statement of the problem

Participation in physical activity is important for children withrebral palsylncreased
sedentary behaviour and decreaphgsical activitycan contribute to long term cardiovascula
disease risk13). Adults with cerebral palsy have a higher risk of mortality due to cardiovascular
disease, including stroke, chronic obstructive pulmonary disease, and other heart cqaditions
54). Children with cerebral palsyhave increased sedentary behavi@ir) compared to children
with typical development and since increased sedentary behaviour and decreased physical activity
have negative lonterm effects on health, terventions to increase physical activity and decrease

sedentary behaviour have become common in pediatric physical th8tagies should include



different strategies depending on the behaviour that is targeted. For examplescivbdéaged

childrenwho are typically developingave been encouraged by teachers and peers to engage in

active gamesstanding easeleave been used to asssanding during lessorns reduce their

sedentary tim¢55). Heathcareproviders can play an important role in the prevention of chronic

diseases with promotion of physical activity by encouraging children with cerebral palsy and

families to integrate physical activity into their daily routines. Physical activity addnsary

behavior counselling could potentially be included in physical therapy interventions.
Recommendations of daigmountsof physical activityand sedentary behaviour have been

made for children with and withoaerebral palsy9,56) These guidelines address dailtivities,

but they do not address possible factor-s that

efficacy has been identified as a common precursor for behaviour change, the roleftitaelf

in predicting physical activity and sedentary behawribas not been thoroughly examined with

children with cerebral palsy. Sedff f i cacy i s defined as fAonebs be

produce performances that @0)pgl371)Irdigidualstwino ant i c

successfully perform an action will believe that they have the competence to engage in that action

in the future. Children who have positive experiences piitysical activity will likely develop

self-efficacy, which may play a role in promoting ongoing engagement in physical activity.

Children with increased sefffficacy have greater persistence even when faced with barriers and

have a high degree of commitmeo achieve their goal$7). Self-efficacy is a strong predictor

of physical activitybehaviour in children with typical develo@nt(44). Research that evaluates

self-efficacy as a predictor of physical activity and sedentary behaviour in children with cerebral

palsy could inform development of effective intervention programs for changing activity

behaviour, and improve physical activity and sedentary behaviour guidelines.



Research Objectives

The general objective of this research was to investigate physical activity and sedentary
behaviour of children with cerebral palsy. The two specific objectives were to:

1) Summarize existing research regarding sedentary behavfoghildren with physical
disabilities, identify gaps in the literature and highlight future research priorities.

2) Investigate seléfficacy as a potential predictor of physical activity and sedentary behaviour of
children with cerebral palsy classifiad GMFCS levels | to lll.

The thesis includes two parts: 1) a scoping review was conducted to summarize existing
research regarding sedentary behaviour of children with physical disabilities and, 2),-a cross
sectional study to investigate selfficacy asa predictor of physical activity and sedentary
behaviour using data from an ongoing, mua#ntre, randomized controlled trial, as well as
children recruited in Alberta, Canada.

Organization of the Thesis

This thesis was constructed using a pdmeed famat. Chapter 1 includes a review of
relevant literature, the study objectives, key concepts, and the theory used to inform the research.
Chapter 2 is a scoping review of the scientific literature to summarize the evidence related to
sedentary behaviour iohildren with physical disabilities to provide a broad perspective on
assessment and interventions related to decreasing sedentary bebDhasmer 3 is a cross
sectional study which aims to investigate sdficacy as a potential predictor of physicefiaty
and sedentary behaviour of children with cerebral palsy classified as GMFCS levels | to lIl.
Chapter 4 is a general discussion of the findings, clinical implications and future research

directions.
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Sedentary Behaviour in Children with Physical Disabilities: A Scoping Review
Abstract
Introduction : Rising childhoodobesity rates andssociate@dverse longerm health outcomes
have resulted inncreasedattentionto cardiovascular diseasesk factors such asecreased
physical activity andincreasedsedentary behavioutChildren with physical disabilitiesare
generally less active than their peers without disabildres thereforeéhere isgrowing concern
over decreang sedentary behaviouirhe purpose of this scoping review wasstommarizethe
evidence related tsedentary behavioun children with physical disabilities to answer the
following questions: (1What is known abousedentary behavioypatterns in children with
physical disabilities? (2How is sedentarpehaviouramongchildrenwith physicaldisabilities
measured(3) What is the current state of the evidence regattimegffectiveness afterventions
to decreassedentary behavioum children with physical disabilitied@ethods. A scoping review
was conducted using the metlodogy described byrksey andO 6 M a [(2008) yArticles were
considered for inclusion if participants werel8 yearsof age had physical disabilities, and the
focusof the research was @edentanpbehaviourpatterns, measurement of sedentaghaviour
or evaluation ointerventions to decrease sedentary behavi®esults: Full text articles (n=28)
were reviewed for inclusion ang6 articles were selected. The majority of the studies were
observational describingedentary behavioupatterns (n29), primarily with children with

cerebral palsy (n22) (objective 1). Accelerometry was the mdstquentlyused measuref
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sedentary behavim for ambulatory childrerhowever,questionnaires, surveys and interviews
were also usedbjective 2). Onlythreestudes conductetb evaluate interventions for decreasing
sedentary behavioobjective 3) were includednd theyrepreserdgd a weak evidence base that
does nosupport effectiveness strategies to redusedentary behavioum children with physical
disabilities. Across this body of researolger, ambulatorychildren and adolescentspresented
an area of focydew studiesaddressd sedentary behavioum younger childreror children who
use wheelchair€Conclusion Researhis neededd evaluate interventions to decrease sedentary
behaviour in children with physical disabilities. Future research shouldnalsdevalidationof
physical activitymeasures, particularly with children who use wheelchairs as their primary method
of mobility.
Introduction

Interventions to increagaoderate to vigoroughysical activity have been emphasized as
potential management strategfor children withphysicaldisabilities(1). Recently, literature in
pediatric rehabilitation haalso highlightedthe need to considehe other end of the physical
activity spectrum replacing sedentarybehaviourwith light physical activity (2). Although
sedentary behavious often thought of as a lack of physical activityhas unigue contributions
to health outcome$o those related to decreased moderate to vigorous physical adtgity
example, individuals who meghysical activityguidelines while still engaging in excessive
sedentary behaviour still experience increased cardiovascular and metaboli@)riakd
cardiovascular disease related mortality Physical activity is described as any body movement
using skeletal muscle that results in energy expenditdr& metabolic equivalent of task (MET)
while sedentarybehaviouris definedas any wakingbehaviourcharacterized by an energy

expenditure 1.5 or less MEIwhile in a sitting recliningor lying posture(5,6). Health benefits
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of increasedphysical activity include reduced adiposity,and improved musculoskeletal,
cardiovascular, and mental hea#). These benefits have been demonstragety in life among
schootaged children and yout).

Children with motor impairment®ften experience decreased efficiencynaivemen{9),
which cantranslateio lower moderate to vigorous physical activity levels arudeasededentary
time. In addition, many childrewith physical disabilitiesexperience barriers to participat in
leisure and sports activities in their communitiesl challenges with integrating physical activity
into their busy daily routine§l0). For childrenwho experience challenges withoderate to
vigorous physical activity, efforts to replacesedentarybehaviourwith light physical activity
throughout the daynay be mordeasible(11). Potential lealth benefitandincreased feasibility
of sedentarypehavioulinterventions warrants exploration of effectivenesseafentary behaviour
reductionstrategies that could potentially be used in clinical setting

While there have been several publishadengson physical activity among children with
disabilities(12-14), there is an absence mviewsfocusing onsedentarypehaviour A summary
of research on sedentary behaviour pattefnshildren with physical disabilities, measurement
methods aneffectiveness ointerventionstrategies would provide information neededyuide

future research and clinical practicethis area

Methods

A scoping review waselectedsthe field of sedentary behaviour in children wptiysical
disabilitiesis an emerging area of researti addition,a preliminary literature search ealed
few evaluations okffectiveness of sedentabghaviourinterventions Scoping reviews are used
to summarize existing research in a particular area, idegaifg in the literature artdghlight

futureresearch priories(15). The mehodologydevelopedbAr k s ey an @6\ Medl | ey
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to conduct tis review. Steps described by r k s e y  a n idclu@et)Miantifling tiie research
guestion, 2)dentifying relevant stdies, 3) Study selection, 4) Charting the datal 5) Collating,
summarizing, and reporting results.
1. Identifying the ResearchQuestions

The aim of this scoping review was smmmarizethe evidence related to sedentary
behaviourin children withphysical disabilitieso answer the following questiongl) What is
known about sedentary behaviour patterns in children with physical disabilities? (2) How is
sedentanpehaviourmeasured amonchildren with disabilitie® (3) What is the current state of
the evidence regarding the effectiveness of interventions to decrease sedentary behaviour in
children with physical disabilities?
2. dentifying Relevant Sudies

The search term@edentaryand child* or schoehged or kindergarten* or pediatric* or
paediatric* or youth* or adolescen* or teg®¥ND (disab* or special needs or motor impair* or
physical impair* or physical* limitation* or cerebral palsy or wheelchair* or muscular dystroph*
or Pina bifida or neural tube defect* or epilep* or arthritis* or traumatic brain injur* or parapleg*
or quadripleg* or spinal cord injurfyere used to search the following five electronic health and
science databases: CINAHL (1946 to 80IMEDLINE (1890 t02018), ERIC (1959 to 208)
EMBASE (1883 to 208) and SPORDiscus (1953 to 2®) up to and including articles published
in November2018. See Appendix 1 foan examplesearch strategyReference lists of articles
identified in the original search wea¢so reviewed to identify additional articles not included in

the original searches.
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3. Study Selection

Articles wereeligible for inclusion if participants werei Q8 yearsof age had physical
disabilities, and the focus of the research was on seddrghgyriourpatterns, measurement of
sedentanypehaviouror evaluation ofinterventions to decrease sedentary behavidier.defined
physical disabilities aprimary motor or physicalmpairments Studies thafocused orchildren
and youth with intellectual, visuabr hearing impairmentswithout motor disabilities were
excluded Studiesthatalsoincluded individuals withhesediagnose®r individuals older than 18
wereincluded if da& for the population of interestere presented separately in the manuscript
Papers were excluded if they focused on physical activity and did not address sedentary behaviour
Study protocolsconference abstracts, books, #seser studiespublished inanguags other than
Englishwere also excluded

The initial searchesulted inL0O80publicationsDuplicates (n335) were identified within
Refworks, the reference platform used to facilitatganization of the articles included in the
review, and removed resulting in a total o745 publications Article titles and abstractaere
screened for relevance by tfiest authorand 547 were excludeé&ull text articlesnvereobtained
for the remainind 98recordsandreviewedindependently by twof threereviewers (FGNH, or
LPW). Discrepanciesn ratings were resolved through discussievith a third rater, when
neessary Following exclusion ofLl62 articles that did not meet eligibility criteriatcdal of 36
articles were selected for inclusion in the revidie article selection flow chart presentedn

Figurel.
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4. Charting the Data

The following descriptive information was extracted from each article: title, year of
publication, characteristics of the study sample (number, age, sex, diagnosis, geographical

location), study objective, study design, intervention and results.

CINAHL ERIC EMBASE MEDLINE SPORTDiscus
(EBSCO) (n=27) (n = 434) (EBSCO) (EBSCO)
(n=196) (n = 326) (n=97)

] [Identification

] [Screening

] [Eligibility

[Included

l l

||

Record after duplicates removed

(n = 335)

Figure 1.Article selection flow chart

Records screened

\ 4

(n = 745)

A 4

Full-text articles assesse(

Records excluded
(n = 547)

A 4

for eligibility
(n =198)

A 4

Studies included
(n =36)
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Full-text articles excluded,
with reasons
(n=162)

-Not related to sedentary
behavior (n=56)

-Did not includechildren with
physical disabilities (n=39)
-Did not meet age criterion
(n=12)

-Conference abstracts (n=25
-Books, thesis or not English
language (n=14)

-Study protocols (n=5)

-Not related to study
objectives (n=11)




5. Collating, Summarizing, and Reporting the Data

Articles (n=36) selected dr inclusion are summarized iralfles 1,2 and 3 The majority
of the studiesdescribedsalentary behavioupatterng(n=29) (2, 17-44) (Table ). Measurement
methods aresummarized in Table.2Sevenstudies(45-51) focussed orsedentary behavior
measurementalidation.Only threeevaluations of interventions to decrease sedentary behaviour
were included42-44) (Table 3) One intervention study conducted to evaluate the effects of motor
skills training on physical activity with children with cerebralgya20) was included in Table 1
because the authors included data on sedentary time; the intervention did not speanificaléy
strategies to reduceedentary behaviour and therefore it was excludexh the summary of
intervention studies imable 3.
Publication Years and Countriesof Origin

Publications increased steadily sintte earliestpublication in1996 (40). The majority
(n=26) of the publications were published after 30ihdicatinga recentincreasen this area of
researchOf the 36 includedresearch articles;6lwere conducted in Australia, followed liye
USA (n=H), Ireland (n=4),Canada (n3), the Netherlands (n=3hina (n=22), Spain (n=2 and
Sweden (n=1)
30
25
20

15

10

5 I
0 || -

1996-2001 2002-2007 2008-2013 2014-2018

Number of publications

Figure 2 Publication yeard articles on sedentabehaviourof children with physical disabilities
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Table 1. Description ofSedentary Behaviour Patterns of Children viAttysicalDisabilities(n=29)

Author Participants Objectives Methodology Results
(year)/Country|
Baque et al. | Children with ABI To examine characteristics associate| Crosssectional | Children with ABI spent an average of 5 hours an
(2017(17) GMFCS levels | (n=29) and | | with physical activity capacity and 49 min per day sedentary.
Australia (n=29)(n=58, 32 males; age=8 | performance in children with ABI
16Y; ahge=11Y, 11monthst
2Y, 6 monthg.
Bos et Children with JIA To compare PA in children with JIA t¢ Crosssectional | Children with JIA spent more time in sedentary
al.(2016)j18) | (n=76, 26 malesage=813Y; controls and to analyze the effects of (aF19.3h/day+ 1.3 h/day) activities compared to
Netherlands | afige=10.0Y + 1.4Y) compared | JIA on PA control (E18.2h/day+ 1.3h/day) (p<0.01).
to control (n=131, 49 males
chge=10.4Y +£1.2Y).
Capio et al. Children with CP, To objectively monitor the PA of a | Crosssectional | Children with CP had more sedentary time
(2012)19) GMFCS HII sample of children with CP using an compared to children with TD and both groups hé
China (n=31;0Rge=7.41Y + 2.48Y). accelerometer and examine the lower sedentary time on weekday@mpared to
association between PA and FMS weekends (g0.05).
proficiency and compare the data wit
those from a group of TD children
Capio et al. Children with CP, To determine if improving motor skills Pre-post test Children with TD and CP spend more sedentary
(2015)20) GMFCS HII (n=24, 12 males; | is related to enhanced PA in children time on weekends
China CP training group with and without disabilities; to
(n=12 apge=6.92Y + 3.04Y) determine if improving motor skills
andchildren with TD will have a greater impact on childrer
(n=26 opge=7.17Y + 2.7Y). with disabilities compaed to children
without disabilities
Castner et al. | Children with PWS To describe PA in children witRWS | Crosssectional | Children with PWS and youth with neayndromal

(2014)21)
USA

(n=24 12 malesage=816Y;,
ahge=11.2y +2.3Y)
compared tehildren withnon
syndromal obesityn=40;
«hge=9.8Y + 1.1Y).

and compare PA to youth with non
syndromal obesity

obesity spent similar time sedentary during
weekdays (PWS=65min/day, Obese=64@in/day;
p=0.3) and weekends (PWS=a6in/day,
Obese=633nin/day; p=0.2). For children with
PWS, there were no differences in weekdays ver
weekends for sedentary time (p=0.75)
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Downs et al. | Children withRS To describe capacity to walk, walking Crosssectional | Participants spent an average of 62% (7.2h) of th
(2017)22) (n=64 age=3y, 6 month38Y; based activity and sedentary time an waking hours sedentary. Femal#s3 years were
Australia chge=17Y,7 months+ 9Y). to determine the influence of age, more sedentary than femalkes3 years.
walking ability scoliosis and the
severity of epilepsy
Esposito etl. | Children with DS To examine PA activity patterns of | Crosssectional | Sedentary time increased with age. Childreri®¥
(2012)23) (n=104, 57 malesage=8-16Y; children with DS were more sedentary (6238n/day) than those agec
USA ahge=11.8Y +2.21Y). 12-13Y (597min/day) g0.05, and both the-8Y
(542min/day) and 1€4L1Y age group (54fnin/day)
p<0.001.
Foerste et al. | Children with PWS To investigate the presence of Crosssectional | Children with lifestyle related obesity spend the
(2016)24) (n=16, 7 malesufge=12.1Y + hyperphagia and levels of PA and SE most time sedenty (44 h/week) compared to
Australia 4.1Y), Children withTrisomy 21| in children and adolescents with children with trisomy 21 (35/week) and PWS (31
(n=17, 6 malesufge=13.8Y + trisomy 21 compared with individuals h/week).
2.6Y); andChildrenlifestyle with lifestyle related obesity and PW3
related obesity (n=19, 10 majeq
ahges11.7Y £ 2.9Y).
Fogarty et al. | Children withspina bifida To describe PA behaviors of youth | Crosssectional | Youth withspina bifidaspent more time in
(2007Y41) (n=49, 25 malesage=6-17.9Y; | with spina bifida sedentary (watching TV, playing video games) ar
USA ahges13.7Y +2.99Y). solitaryactivities than other activities.
Izquierdoe Adolescents with DS To identify correlates o6Band TV Crosssectional | Total sedentary time was significantly positive
Gomez etal. | (n=98, 63 malesage=1120Y; viewing time survey associated with maternal age (p=0.00), and
(2015)25) opge=15.3Y + 2.54Y). perceivedbenefits of PA (p=0.001); and negative
Spain associated with birth order (p=0.008) and
availability of shops in the neighborhood (p=0.00
Keawutan et | Children with CP To describe habitual PA ar8Bin Crosssectional | Sedentary time was significantly associated with
al. GMFCS +V children with CP and compare to the GMFM-66 score (R=0.74, p<0.001).Children in
(2017)26) (n=67, 31 malesage=4-5Y; Australian physical activity guidelines GMFCS levelsHl; Ill, and V-V spend 57.6%,
Australia «hge=4Y,10monthst 4 73.6% and 92.7% of their time sedentary.
monthg.
Keawutan et | Children with CP To describe habitual PA and SB in | Longitudinal Sedentary time was higher in both GMFCS groug

al.
(2017)27)
Australia

GMFCS FV (n=95, 62 males
age=18-60 monthg.

young children with CP; compare HP
and SB between time points; examin
the rate of change in HPA and SB
across all gross motor functional
abilities

(i.e., Hl and lI-V) at 4 to 5% compared to 18
months to ¥. Children classified at GMFCS level
Il -V spend more sedentary time than children
classified at GMFCS | and Il at all time points.
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Sedentary time increased 2.44GMFCS levels |
and Il) and 6.9% (GMFCS leveldll-V).

Keawutan et | Children with CP To investigate the relationships Crosssectional | Children (GMFCS levels V) had significantly
al. (n=67, 43 males; age=8¥; between HPA, sedentary time, motot higher sedentary time than children classified as
(2018)29) chge=4.9Y). capacity and capability GMFCS level I. Motor capacity (GMFM) and
Australia capability (PEDI) are negatively associated with
sedentary time in ambulatory children classified &
GMFCS levels I to .
Kwan et al Children with suspected DCD | To examine the longitudinal PA and | Longitudinal Sedentary time incread from grade 7 (DCD=471
(2016)28) (n=49, 28 malesifge=12.¥% + | sedentary time in children with and | nested case min/day; TD=485min/day) to grade 9 (DCD=535
Canada 0.51Y) compared tohildren without suspected DCD in relation to| control min/day; TD=517min/day) in children with and
with TD (n=54 ahge=12.% + sex differences, and whether sex without suspected DCD. Females spent more
0.52Y). moderates the relationship between sedentary time compared to males across {yeap
suspected DCD and PA levels period.
Lauruschkus | Children with CP To evaluate the feasibility of PA Prepost test GMFCS | and II: Baseline sedentary time as
et al. GMFCS Ito V prescription and its effectiveness on measured by IPAQ (median 360 min/day), Diary
(2017Y42) (n=11, 5 males; age=11Y). participation in PA and SB (543 min/day) and accelerometer 464 min/day.
Sweden GMFCS llI-V: Baseline sedentary time as
measured by IPAQ (median 240 min/dayjaiy
(305 min/day) and accelerometer 673 min/day.
Maher et al. | Adolescents with CP To investigate physical activity and § Cross sectional | SB patterns (TV and computer use) of adolescen
(2007Y30) GMFCS |-V patterns of adolescents with CP survey with and without CP were similar. Adolescents
Australia (n=112, 76 malg age=11-17, compared with age and sex matched spent araverage of 28.5h per week in screen time
opge=%, 11 monthst datasets (TD) Male sex was a significant determinant of SB. N@
23 monthg. relationship was found between SB, gross motor
function and age.
Maher et al. | Children with CP TD determine the effectiveness of an RCT o§(SD) daily screen time for intervention and cont
(2010)44) GMFCS HII (n=41; age=11 internet based, lifestyle, PA groups was 28Q.+ 104.5 min/day and 2204 83.1,
Australia 17Y; ohge=13.6Y+ 1.8Y) intervention respectively.
Intervention group (n=20, 12
males)
Control group (n=21, 14 males
Matute Adolescents wittbS To describe PA patterns in adolescer Cross sectional,| Adolescents with DS spend more sedentary time

Llorente et al.

(2013)31)
Spain

(n=19, 9 malesage=10-17YN
ahge4.7Y +2.2Y).

with DS, compare to peers willD
and determine relationships between

descriptive

(540min/day) than camols (470min/day) (p<0.05).
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compared tehildrenwith TD
(n=14)

PA and risk of low bone mass in
adolescents with DS

Mitchell et al. | Children with CP To assess PA of children and Cross sectional | Children spent an average of 3émin/day
(2015)2) GMFCS levels | and Il (n=102, | adolescents with unilateral CP sedentary and there was no difference between
Australia 52 malesage=817Y; children classified at GMFCS levebr Il or
chge=11Y, 3monthst 2Y,4 between weekdays and weekends. Adolescents
monthg. spend more sedentary time (®4min) than children
(8h 20min) (p<0.01).
Oates et al. Children with DS To describe friendships and leisure | Cross sectional | The majority of the recreation activities engaged
(2011)32) (n=208, 118 males participation of schoehged children were sedentary and solitary; 10.6% reported high
Australia age=518Y). with DS. Explore how body functions technology use (>29 h/week), 50.5% moderate u
and structures and personal and (15-28 h/week), and 38.9% reported low us&40
environmental factors are related to h/week.
friendships and leisure
Obeid et al. Children with CP To measure sedentary time and Cross sectional | Children with CP engaged in more sedentary tim
(2014)33) GMFCS HII (n=17,15 males frequency of breaks in ambulatory and fewer breaks from SB compared to the TD
Canada age=817Y; aage=13.0Y + children and adolescents with CP an group.
2.2Y) compared to compare to children TD
children with TD
(n=17,0Rge=12.9Y + 2.5Y).
Oftedal et al. | Children with CP To compare toddlers with and withou| Cross sectional | No differen@ was found in sedentary time betweg
(2015)34) GMFCS +V (n=58, 38 males CP in regards to: (a) sedentary time, the children with TD and children with CP (GMFC
Australia opge=2.4Y £ 0.5Y). (b) duration of sedentary bouts and land Il) " 52%= 7), however hildren classified
breaks in sedentary time; and (c) lev asGMFCS Il spent more time sedentaryd{( 62%
of habitual PA an&B compared to + 9) which was less than children classified at
Australian physical activity GMFCS levels IVand V (f 74% £ 11). Mean
recommendations duration of sedentary bouts10min) was longer in
children with CP (IV to V) and the number of
sedentary breaksaslower for children with CP (IV
to V) than for children with TD and children CP
(GMECS land II).
Oftedal et al. | Toddlers with CP To investigate the longitudinal Longitudinal Childrenat agel8-24 months anct 60 months
(2016)35) GMFCS +V (n=175, 109 males| relationship between stature, growth spent 56% and 66% of their time sedentary,
Australia age=18-60 monthspge=2Y,10 | velocity, energy intake, HPA, and respectively.

monthst 11 monthg.

sedentary time in children with CP
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Oftedal et al. | Children with CP To investigate the longitudinal Prospective Children aged 124 months and those aged 60
(2017)36) GMFCS +V (n=161, 61% relationship between anthropometric| cohort months spent 56%nd 66% of their time sedentary
Australia males age=18-60 months and bodycomposition measures and | (Compared to | respectively.
ahge=2.8Y £ 0.9Y). modifiable lifestyle factors normative data
CDC Growth
charts)
Ryan et al. Children with CP To investigate the prevalence of Cross sectional | Proportion of daily timesedentary increased with
(2014)37) GMFCS HII (n=90, 57 males | overweight, obesity and elevated blo GMFCS levels (31.7% 12.2; 37.2%t 11.9; 42.3%
Ireland age=617Y). pressureamong ambulatory children + 15.8 for GMFCS levels I, Il and I, respectively
with CP; evaluate associations amon
PA, SB, overweight/ obesity, and
blood pressure in children with CP
Ryan et al. Children with CP To determine the association betweg Cross sectional | Participants spent 33% of their time sedentary.
(2015)38) GMFCS land Il (n=55, 34 SB, PA intensity and cardiorespiratof
Ireland males; age=47Y; ahge=11.3+ | fitness in children with CP
0.2Y).
Ryan et al. Children with CP To describe LPA, MPA, VPA and SB| Cross sectional | Children with CP spent more time sedentady1(93
(2015)39) GMFCS HII (n=33, 17 males | in preadolescent children with and min/dayz 68) activities compared to controls
Ireland age=6-10Y; ahge=8.5Y + 1.2Y) | without CP and to compare PA and § (6123 min/dayt 49) (p<0.01).
and 33 agand sexmatched between théwo groups
controls.
Ulrich et al. Children with DS To investigate the effects tdaching | RCT At baselineu{(SD) sedentary time5@1.7+ 101.1
(2011)43) (n=46; age8-15 year} children to ride a 2vheeled bicycle on min/day) (intervention group) and (537£104.7
USA Interventiongroup (n=19, 9 PA and healtirelated outcomes min/day) (control group)
males;ofge=12.4+ 2.2Y)
Control group (n=27, 11 males;
ahge=12.0+ 1.9Y).
Steeleetal. Children with PD To identify health promotion needs | Cross sectional | 39% of children with PD stated they had never
(1996)40) (n=101, 48% maleage=11 among youth with PD compared to a| survey exercised compared to 6% of the national sample
Canada 16Y). national sample (compared to a | 39% of the youth with disabilities watched TV mo

national sample

than 4 h/day compared with 13% of the national
sample.

Abbreviations: ABI, acquirbrain injury; Y, yearsdﬁ mean; +, standard deviation; GMFCS, gross motor function classification system; min, ndlAufeyenile idiopathic arthritis;
PA, physical activity; h, houiCP, cerebral pals\RS, Rett syndromeFMS, fundamental motor skills; TD, typically developing; PVP&derWilli syndrome; DS,Down syndrome;
GMFM, Gross Motor Function MeasyrgB, sedentary behaviour; HPA, habitual physical activity; PEBdjatric Evaluation of Disability InventgripCD, developmental coordinatio
disorder; RCT, randomized controlled trial; LPA, light physical activity; MVPA, moderate to vigorous physical activityyigBwus physical activity; PD, physical disabilities.
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Table 2. Sedentary Behaviour Measurement VabdaStudies (n=7)

Author Participants Purpose/Objectives Results
(year)/Country
Armbrust et al. Children with JIA Determine convergent validity of aday activity diary | Convergent validity between the diary and
(2017)45) (n=61, 24 males; age=8 | and accelerometry in children with JIA; Determine hg accelerometer was moderate for PA level and rest

Netherlands

13Y; GRge=10.1Y +1.4Y).

many days of PA are needed to obtain reliable diary
accelerometry results; Analyze the effect of using the
diary to correct for nowear accedrometer time.

(ICC=0.41). One week was sufficient to measure P
(all levels) reliably with the accelerometer for resea
and 3 weeks were required for clinicabusgdditional
use of the activity diary enabled correction for fion
wear accelerometer time.

Clanchy et al.
(2011)46)
Australia

Children with CP
GMFCS Hil

(n=29, 17 males; age=8
16Y; ahge=12.6Y + 2Y).

Evaluate the validity of the Actigraph accelerometer fi
the measurement of different intensities of PA in
ambulatory children anddolescents with CP using
oxygen uptake (VO2) as the criterion measure;
Determine if intensityelated Actigraph cut points
developed for TD youth are valid for children with CP
Determine whether classification accuracy could be
enhanced by deriving newtensity cut points for
children and adolescents with CP.

The Freedson/Trost, Evenson, Puyau, and Treuth ¢
points exhibited excellent classification accuracy fo
SB. The Evenson et al. (20@B2) cut points had the
highest classification accuracy for SB (92%).

Keawutan et al.

Children with CP

Derive the triaxial accelerometer gubints against a

This study supported previously establishedpmints

(2016)47) GMFCS +V criterion measurement in children with CP; Validate t| for sedentary time (Butte, 20188) of 820 CPM in
Australia (n=84; age=4Y; developed cupoints in an independent sample of children with CP aged 4 to 5 years across all functic
uhge=4.8Y £ 0.5Y). children with CP¥Validate previously established eut | abilities.
points for children with TD by Butte et al. (20133)in
the present sample of children with CP and compare
their validity with the newly developed CP quaints.
Oftedal et al. Children with CP Develop uniaxial and triaxial Actigraph cut points for | No significant difference between obsenssdi
(2014)48) GMFCS Il (n=51, 16 SB. Evaluate and compare predictive validity of thesg predicted time spent sedentary. The uniaxial
Australia males age=1836 months) | cut points in children with CP and TD. accelerometer cut point overestimated sedentary tif
and GMFCS IV and V for children in GMFCSHII and had wider limits of
(n=25, @e=1836 months); agreement than the triaxial cut point for children in
and children with TD GMFCS I\V-V. Uniaxial cut points are not
(n=28; age=186 months). recommaded for use with toddlers.
Ryan et al. Children with CP Investigate the ability of published cut points to deteg RT3 is an objective and feasible method of measur
(2014)49) GMFCS HII (n=18, 10 SB, LPA, and MVPA in ambulatory children and PA in ambulatory children and adolescents with CP
Ireland males age=6-17Y, adolescents with CP; to develop 2 new cut points in | RT3 counts increased with increasing PA intensity.

ahge=11.4Y + 3.2Y).

children with CP that discriminate between sedentary
activity and LPA and determine if these cut g®in
improve classification of PA intensity.

Using ROC curve analysis, 51.9 CPM was identifie
as theoptimal cut point for discriminating between
sedentary and LPA (AUC 96.5% CI 84€6.8)
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Trost et al. Children with CP Usedecision tree models to idefytiPA thresholds and | For measuring sedentary activity, METs and

(2016)50) GMFCS | (n=27; compare classification accuracy of the models to accelerometer output were comparable across GM

USA chges 12.4Y £ 3.3Y), previously published cut points. levels. The Everson and Clanchy SB cut points (10
GMFCS 1l (n=12; CPM) provided excellent classification accuracy
ahge= 12.3Y + 3.4Y) (>90%).

GMFCS Il (n=12;
GRges 12.7Y + 3.1Y).

Verschuren et al.| Children with CP Determine energy expenditure and muscle activation| Energyexpenditure was > 1.5 METhRIring standing

(2014)51) GMFCS levels4V (n=19, | during lying, sitting and standing. for all GMFCS levels (therefore exceeding the cut 0

Netherlands 13 males; age=20Y). for SB). Children classified as GMFCS required
significantly more energy consumption than the oth
(p<0.05).

Abbreviations: JIA, juvenile idiopathic arthritisY, years,of mean; tstandard deviation; PAhysical activity CP, cerebral palsf3MFCS, gross motor function classification syste
TD, typically developing;SB, sedentary behaviourPA, light physical activity;MVPA, moderate to vigorous physical activity; METetabolic equivalent of task.
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Table 3.Evaluations of Sedentary Behaviour Interventigms3)

Author Participants Study objective| Design Intervention SBOutcomes| SBOutcome Findings
(year)/Country measures
Lauruschkus e| Children with CP | Evaluate the Prepost | Motivational Sedentary Triaxial All children spent most of thei
al. GMFCS Vv feasibility of PA | test interviewingandself- Time accelerometer | day sedentary. Changes in
(2019(42) (n=11, 5 males; prescription selectedPA as an (min/day) Activity diary | sedentary time as measured [
Sweden age=711Y). (PAP) and its agreement between IPAQ accelerometry, diary and IPA
effectiveness on children, parentand were variable (prgost
participation in physiotherapist (3 to 6 differences were not
PA and SB month3. analyzed).
Maher et al.| Children with CP | Determine the | RCT Social cognitive theory | Average daily | MARCA At 10 and 20 weeks, self
(2010)44) GMFCS HiI, effectiveness of based, interactive screen time guestionnaire | reported screen time
Australia (n=41;age=11- an internet internetbased program (MARCA) showed no change
17Y; ahge=13.6Y | based, lifestyle, Participants were and no difference between
+1.8Y) PA intervention encouraged to log in at groups.
Intervention group least weekly for the
(n=20, 12 males) progr aveek s ¢
Control group duration byemail,
(n=21,14 males) phone or text mesga).
Ulrich et al. Children with DS | To investigate | RCT Bicycle training for 75 | Sedentary Actical The intervention group spent
(2011)Y43) (n=46;age=8-15Y) | the effects of min/day for 5 Time (Phillips significantly less time
USA Interventiongroup | teaching consecutive days. (min/day) Respironics) | sedentary’ weeks after the
(n=19, 9 males children to ride accelerometer | end of intervention (p=0.035)
apge=12.4+ 2.2Y) | a 2wheekd worn on the and at the 12 month followp
Control group bicycle on PA hip for 7 days. | (p=0.04) compared to the
(n=27,11 males | and health control group.
apge=12.0Y + related
1.9Y). outcomes

Abbreviations: CPcerebral palsyGMFCS, gross motor function classification systéfmyearsPA, physical activity;SB, sedentary behaviour; min, minutes; IPAQegernational
physical activity questionnairesof” mean; +, standard deviatioRCT, randomized controlled trial; MARCAMultimediaActivity Recall for Children andAdolescentsPS, Down

syndrome.

32



Table 4. Sedentary behavidDbjectiveMeasurenent Tools

Author (year) Wear Time SB Cut point Age Placement Diagnosis
Protocot | Valid (CPM) Group
Actigraph Triaxial Accelerometer
Baque et al. 4 d during 4d (>8 h/d) 100 C/A | Leastaffected hip ABI
(2017)17) wakingh
Castner et al. 8 d during 4d(>10 h/d) on 3 100 C/A Right hip PWS
(2014)21) wakingh wk and 1w/e d
IzquierdoGomez 7 dduring 3 d (8 h/d) 100 CIA Lower back DS
et al. wakingh
(2015)25)
Keawutan et al. 3 d during 3 d(>6 hd) 820 P Lower back CP
(2017)26) waking h
(2wk and 1 we
days)
Keawutan et al. 3 d during 3d(2wkand1 GMFCS HII T/P Lower back CP
(2017)27) waking h w/e d (age 18m3Y):
(2wk and 1 we 480;GMFCS
days) V-V
(age 18m3Y):
120; GMFCS
V (age 45Y):
820
Keawutan et al. 3 d during 3d(2wkand1 820 P Lower back CP
(2018)29) wakingh w/e d)
(2wk and 1 we
days)
Lauruschkust al. 7 d during O of weartime 100 C Right hip CP
(2017)42) wakingh on02d
Mitchell et al. 4 d during 1d @8h/d) 100 C/A | Least affected hig CP
(2015)2) waking h
(2 wk and2 we
days)
Oftedal et al. 3 d during 3 d £50% of GMFCS HlI T Lower back CP
(2015)34) waking h waking h (agel8m-3Y): (center)
(2wk and 1 we 480;
days) GMFCS -V
(age 18m3Y):
120
Oftedal et al. 3 d during NR NR T/P NR CP
(2016)35) waking h
(2wk and 1 we
days)
Oftedal et al. 3 d during NR GMFCS HII T/IP NR CP
(2017)36) waking h (age 18m3Y):
(2wk and 1 we 480;GMFCS
days) V-V
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(age 18m3Y):

120; GMFCS
V (age 45Y):
820

RT3 Triaxial accelerometer
Ryan et al. 7 d during 4 d(>10h/d) 41 C/A | Right hip(or least CP
(2014)37) waking h affected side in

the

case of

asymmetry)
Ryan et al. 7 d during 4 d(>10h/d) 41 C/A | Right hip(or least CP
(2015)38) waking h affected side in

the case of

asymmetry)
Ryan et al. 7 d during 3 d(>9 h/d) 41 C Right hip(or least CP
(2015)39) waking h affected side in

the case of

asymmetry)
Actical Triaxial Accelerometer
Esposito et al. 7 d during 4 d @10 h/d 25 C/A Right hip DS
(2012)23) waking h at least 1 w/e d)
Kwan et al. 7 d during NR 100 A Right hip DCD
(2016)28) waking h
Ulrich et al. 7 d during 4 d @10 h/d 100 C/A Right hip DS
(2011)43) waking h at least 1 w/e d)
Actigraph Uniaxial Accelerometer
Obeid et al. 7 d during HAdGh/don3 100 C/IA Right hip CcP
(2014)33) waking h wk and 1 w/e d)
Capio et al. 7 d during 5d (-18h/d on3 100 C** Hip CP
(2012)19) waking h wk and 2 w/e d) (side NR)
Capio et al. 7 d during 5d (-18h/d on3 100 C** Hip CP
(2015)20) waking h wk and 2 w/e d) (side NR)
Matute-Llorente 7 d during 4 d @10 h/d 25 CIA Right hip DS
et al. waking h at least 1 w/e d)
(2013)31) except contact

sports

IzquierdoGomez 7 d during 3d(>8h/d) 100 C/IA Lower back DS
et al. waking h
(2015)25)
Step Waich
Downs et al. 7 d during 4 d @ h/d 0 Step T/ICIA Rightankle RS
(2017)22) waking h at least 1 w/e d)

*Accelerometers removed during water activiti#®ased on mean age, range MRbreviationsCPM, cut points per minute; d, dal
h, hour ABI, acquira brain injury, wk, week;w/e, weekend SB, sedentary behaviguPWSs, PraderWilli syndrome; DS,Down
syndrome CP, cerebral pals\GMFCS, gross motor function classification system months; Y, yearst, toddlers(defined a-3
years of age)P, preschoolers (defined asb4/ears of age); C, children (defined at®byears of ag); A, adolescents (defined as-1

18 years of ageNR, not reportedDCD, developmental coordination disordBS, Rett syndrome
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Table5. Sedentary behavio@ubjective Measurement Tools

Author (year) Measurement ool Age Diagnosis
Bos et al. BouchardActivity Diary(54) C/A JIA
(2016)18)

Foerste et al. Chil drends Leisureg Act C/A DSPWS/
(2016)24) (CLASS)55) LRO
Fogarty et al. Semistructuredinterviews C/A SB
(2007)41)

IzquierdeGomez et al| Youth Behaviour SedemaQuestionnaire C/A DS
(2015)25) (adapted)

Lauruschkus et al. International Physical Activity Questionnaire C CP
(2017)42) (IPAQ)(56)

Maher et al. Physical Activity Questionnaire for Adolescents C/A CP
(2007)30) (PAQ-A)(57)

Mabher et al. Multimedia Activity Recall for Children and C/IA CP
(2010)44) Adolescents (MARCA(8)

Oates et al. Questionnaire P/CIA DS
(2011)32)

Steele et al. Health Behsgiours in SchoclAged Children Survey C/A PD
(1996)40) (HBSC)

Abbreviations:preschoolers (defined asidyears of age); C, children (defined at¥Byears of age); A, adolescer,
(defined as 1248 years of age)JlA, juvenile idiopathic arthritis; DSDown syndromePWS, Prader Willis
syndrome; LRO, Lifestyle related obesity; Sina bifidaCP, cerebral palsyD, physical disabilities.

Study Design

Of the 36 included studies, 22 were cresstional, three were longitudinahe was a prospective

cohort study (with a control group), two were4p@st trials, two wereandomized controlled trials

and six were measurement validation studies.

Sample Characteristics

Researclon sedentary behaviotnias focused on children and adolescehtsof the 36studies

included infants and youngr children (22,26,27,29,32,386,47,48,51) The majority ofthe

studiegdn=22) included children witlterebral palsy2,19,20,26,27,29,30,339,42,44,461). The

remainingstudiesincluded children with diagnoses of Down syndrgme6) (23-25, 31, 32, 43)

Prader WilliSyndrome(n=2) (21,24) acquired brain injuryn=1) (17), myelomeningocele (n=1)

(41), confirmed or suspectddevelopmentaCoordinationDisorder(n=1) (28), juvenile idiopathic
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arthritis (n=2) (18,45) Rett syndromgn=1) (22), andone study with a sample b&terogeneous
physical disabilitiegn=3) (40).

Question #1

What is known aboutsedentary behaviourpatterns in children with physical disabilities?
Children with cerebral palsy

Theresearclconfirms that children with cerebral palsy spend more sedentary time than
their peers without disabilities. Fexampe, children with cerebral palsy under five years of age
classified assrossMotor FunctionClassificationSystem(GMFCS)(59) levels 111 -V spend more
time sedentary than their peers without disabili{&$) and more time sedentary than children
classified at levels | and [26). Oftedal et al. (2015§34) reported that toddlerslassified as
GMFCSlevels I, Il and lllspend 52%62% and 7% of their waking time sedentary, respectively.
A similar sedentary behaviogattern has beemportedn schoolaged childra (26).

Two of the studiegwith overlapping samplesyere longitudinal and demonstrattat
amount of time sperdedentaryincreasd over time(27,35) Participants were followed for five
years from 18to 60 monthsof age revealing an increase in sedentary time after 3 y@ahsAt
18-24 monthf ageand at 60 monthsf age, childrerspent56% and 66% of their time sedentary,
respectively.In addition, there is some evidenftem cross sectional stig$ that suggest that
preschool children with cerebral palsy are msedentary than toddle(26,34) In their cross
sectional study, Mitchell et af2) demonstrated thathildren (GMFCSI and Il) spen lesstime
sedentary than adolesd¢en

The majority of the studies reported total daily sedentary timlg only two studies
evaluated sedentary behaviour patterns (bouts and bi@&%3%) Obeid et al. (204) reported

that children with cerebral palstake fewer breaks from sedentary time than their pggheut
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physical disabilitieg33). Another studyconducted with infants and toddlexgth cerebral palsy
(34), reported that man duration of sedentary boytslOmin) was longer and theumber of
sedentary breaksaslower for children withcerebral palsyGMFCSIV andV) than for children
with typicdly developmenand childrerwith cerebral palsyGMFCS landll).

Factors associated with sedentary behaviour have been identified in children with cerebral
palsy. Two studiesonductedwith overlapping sampleglemonstratedhat sedentary time was
negativelyassociated with motakills (as measured by the Gross Motor Function Me&as6i&)
and capability §¢s measured by thiediatric Evaluation of Disability Inventory26,29)

Children with othediagnoses

Studies have demonstrated that children witterphysical disabilitiespenda significant
amountof their time sedentaryzogarty et al(41) reported that children with myelomeningocele
sper most of their time in sedentary activities, including listening to music, watching TV, video
games and computer activities. Similarly, studies have demonstrated that children with Rett
syndromeandDown syndrome spend approximately 60% of their time destary activities (i.e.
technology use(R2, 32) No studeshaveevaluated sedentary behaviour patsgibouts and breaks
from sedentary time) ithis group of children

Studies have beaonducted to compasedentary behaviour patterns of children with and
without physical disabilitiesStudies conducted witbhildren with juvenile idiopathic arthritesnd
Down syndrome demonstrated that they spandetime sedentary than their typically developing
peerq18, 31) Two studiehave demonstrated that some children with physical disabilities are not
more sedentary than their peers without disabilittastner et al21) reportedthatchildren with
Prader Willi Syndromepend no more time sedentaimam children witmon-syndromalobesity

andFoerste et al24) reportedthat children with non syndromal obesity are more sedentary than
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those with Prader Willis syndrome and Trisomy 3édentary time appears to increase with age
A cross sectional studgonductedwith children with Downsyndromeindicatedthat sedentary
time increased dt4 and 15 years of age compared to younger childrer8ficell years of age)
(23). Increased ge has also been associated vittreasedsedentary time with children with
acquired brain injurg17).

In children with Downsyndrome, &ctors associated with sedentémghaviourincluded
modifiable and noamodifiablefactars such agnaternalage, birth orderproximity to shopping,
parentalperceived benefitef physical activity TV viewing time with parents, and timgpent
indoors on weekday$25).

Question# 2
How is sedentarybehaviour measured with children with disabilities?

Measurement methods used in the studies are presented i Balol&and measurement
validation studies arsummarizedn Table3. Most often objective toolswere usedo measure
sedatary behaviour.The majority of studies that usedbjective measuremernbols used
accelerometryn=21) oneindirect calorimetry51). The majority of the studies with children with
cerebral palsy used accelerometry (n=14, 643bjective toolswere used exclusively in seven
studieg18,24,30,32,40,41,44nd threether studiesisedbothsubjective and objectivaeasures
(25, 42,45)

Age specific sedentary behaviout pointshave beernvalidatedwith toddlers (1836
monthsof agg (48), preschoolage children (b years)47), and children and adolescents with
cerebral palsy6-17 years)(46,49,®). Gross moto function levelswere used in one studp
establish cut point$or children and adolescents with cerebral pdtaychildren classified as

GMFCS levelsHIll (50). No studies that validatedut points for sedentary behavidarchildren
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with diagnosisotherthan cerebral palsgnet the crieria for inclusionin the review.While the
majority of the studies usetsedentary behaviour cut point of 100 counts per minute (G®fid)
children and adolescentsthers used cut points of 41 CRS7-39) and 25 CPM (23,45) In
addition, specificagerelatedcut points(i.e., 120 CPM, 240 CPM and 820 CPBMave been
advocated for se withinfants, toddlers, angreschool children with cerebral palsy, respectively
(26,27,34,36)

Accelerometer placement and wéiane alsovaried according to the age of the children.
Most of the studies that included childrend adolescents attached the accelerometer on the hip
for at least 4days(2,17,1921,23,28,31,33,339,42,43) with the exception of one stud5).
Some tudies with infants, toddlers and prheolers used lower back placemémt a minimum
period of 3 day$26,27,29,34)

Subjective measurement of sedentdbghaviour typically involved the use of
guestionnairesactivity diaries and serstructurel interviews. Most of the studies in children with
diagnoses othethan cerebral palsy used subjective measwb#e accelerometry was the
predominant measurement method used with children with cerebral palsy. Questionnaires
typically gather information aboutedentary activities, such aeading, listening to music,
watching TV,playingvideo games and computer activit{88,41) Screen time has also begsed
to represent overafledentary tim¢40,44)

Question # 3
What is the current state of the research regarding the evald@n of interventions to
decrease sedentarpehaviour in children with physical disabilities?
Only three studies have been conducted to evaluate interventions to decrease sedentary

behaviourin children with physical disabilitieg42-44). Maher et al.(2010 (44) conducted a
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randomized controlled trial with adolescents with cerebral palsy ag&d §éars. A study website
was used tanprove exercise knowledge, attitudes,-séffcacy and intention, functional capacity
and decrease sedentary behaviour in children with cerebral EalldlfCS levels I-1ll. The
intervention group receiveemails and text messagasreminders to view thatervention web
site. The intervention did not result in decreadsadly screen timea t 10 or 20 week
intervention A randomized controlled trigh3) conducted with childremvith Down syndrome
aged 8 to 12 years demonstrated that learmingide a 2wheel bicycle during the -Bay
intervertion decreased sedentati;me at the 12 monthspostintervention followup. Finally,
Lauruschkuset al. (42) conducteda pre-, posttest study with children with cerebral palsy to
evaluate theffects ofphysical activity prescription ophysical activityand sedentary behaviour.
Physical activity prescriptiononsisted ofan agreementetween chilcen, parents angbhysical
therapiss on strategiesto enhance physical activity and decreasesedentary behaviour.
Motivational intervieving by physical therapistéocusing onself-selectedphysical activityby
children was themain component of thentervention programWhile the intervention was
perceived as a feasible and acceptable by families, sedentary time did not datneese

intervention,or at the followup assessment.

Discussion

This review highlighted increases in sathry behaviour through childhood and into
adolescence that mirrors the sedentary behaviour patterns of children without dis#60ities
Knowledge of how sedentary behaviour changes throughout childhood and adolescence would
help guide intervention strategies in pediatricatghtation. Children with cerebral palsy start to
demonstrate increases in sedentary time around the age ofaRye8ince ncreased sedentary

behaviour and decreased physical activity contrdtotencreased risk of lonterm cardiovascular
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diseasg(61) and it has been established that adults with cerebral palsy have a higher risk of
cardiometabolic conditions such as hypertension, and ngiatanfarction(62), it is important to
consider strategies to decrease sedei@naviour at an early ag@&hile useearly consideration

of strategies to decrease sedentmlgavior have been encouragstiategies to increase physical
activity or decrease sedentary behaviour at any age must be balanced with consideration for energy
conservation and ensuring that mobility methods fit with the environment to optimize participation
and engagement in meaningful activities.

Since sedentary behaviour isrglatively new area offocus for children with physical
disabilities, it is not surjsing that this review revealed some significant gaps in the literature
including only three studies that evaluatiw effects of intervention® decrease sedentary
behaviour. The literaturthat does exist, however, does indicate that researchersganaibg to
incorporate individualized approaches in intervention programs, including strategies to increase
motivation (42) and seHefficacy (44). Future researchvould benefit from consideration of
patterns of sedentary behaviour (suchirerporaton of active break andreplacement of
sedentary behaviour witlght physical activity throughout the de§63)in addition toapproaches
that support families at variogsages of behavior change, including the development o$édisk
efficacy, which can be defineda ndi v i d u artlaiesl tothesatessfulgesgagement in
incremental physical activitgndcoping selefficacy, whicre f er s t o an i ndi vi dua
his or her ability to manage difficulties to performing an acti@). In addition, othe factors
may needo be considered in order to facilitate sustained behavior change. For example, qualitative
studies(65,66) with parentsof children with developmental coordination disorder and cerebral
palsy have revealed that parental attitudes and social accefmameers influence physical

activity participation
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The literature with children with physical disabilities reveals a narrow conceptualization
of the parameters of sedentary behaviour &ifocus on sedentary time and a lack of emphasis
on sedentary behewr patterns including sedentary breaks, which are defined as any activity
registered above the sedentary threshold (100 C@V)) and sedentary bouts, described as
uninterrupted periods of sedentary behavi@)r In the adult literature, the number of sedentary
bouts is a more significant predictor of cardiovascular disease than total sedentgB8Yirire
addition, number of ieaks has shown to improve cardiometabolic biomarkers, independent of
total sedentary tim¢69). Po|l onged sedentary bouts (O 20 min
insulin and diastolic blood pressure; and number of breaks has been associated with adiposity,
triglycerides, Zhours plasma glucose, HDL cholesterol, and systolic blood pre§sOi&l).
Prolonged sedentary bouts have been associated with increased cardiometabolic risk factors and
longer daily breaks of sedentary time with lower risk of abdominal obesity and elevated blood
pressure in children who are typically develop{d). Increasing the number and duration of
sedentary breaks may also be more féadittan decreasing overall sedentary tifhgll) and
therefore perhaps these parameters of sedentary behaviour require iwdstigaion with
children with disabilitiesForexample, adults with multiple sclerosis have reduced their sedentary
time by standing during sedentary activii{é2). Since addressing the number and length of breaks
from sedentary behaviommay be more attainable than inesengmoderate to vigorous physical
activity for some children, we suggesbmader conceptualization of sedentary behaviour when
considering and evaluating sedentary behaviour interventions for children with disabilities is
warranted.

The common definition of sedentary behavias any waking behaviour in a sitting,

reclining or lying postur€6) may also require further examination with this group of children. The
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current definition doesot capture the physical activitgquired to manually propel a wheelchair,

for example. Many children with physical disabilities alstben requireincreased effort to
maintain postural control in independent sitting compared with children withoutldisal§r3-

75) which may move unsupported sitting out of the sedentary behaviour gatdfaeover,

children with significant spasticity and/or involuntary moveme({77) may expend more

energy maintaining postures and moving thaildoén without physical disabilities. Movements

that are typically low intensity, such as reaching for a toy while sitting, may require increased
energy for children with spasticity and impaired selective mototrocb A more appropriate
definition of se@ntary in children with physical disabilities proposedviayes et al(78), clarified

a muscle activity during sedentary behaviour
muscle groups are under r e ltathearteasurement valatiohi t i on
study conducted by Verschuren et(8ll)is needed to establish definition parameters for children

with physical disabilities.

In addition to consideration of definition, this body of literature reveals some measurement
challengesn children with physical disabilities. Many studies with children with cerebral palsy
included objective measurement using accelerometry. Accelerometry cut points for classifying
sedentary behaviour have been validated in children with cerebra) EatssMotor Function
ClassificationSystem HIl only (47-49); there are no validation studies in children with other
diagnoses and accelerometers have not been validated with children who use wheelchairs. Since
accelerometersnay not capture extraneous limb movements that are frequently observed in
children with maoe severe disabilities, the ability to measure true activity, particularly for someone
who uses a wheelchair, may be limitéd.complex acceleromst system with multiple data

collection locations may be required to adequately capture the movements gfoilnis of
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children. Nooijen et al79) evaluated a system with multiple accelerometers placed at the sternum,
both wrists, and both tghs (for children who are partly ambulatogdconcluded that the device
produced valid measurement of physical activity behaviour for children who use wheelchairs. A
recent study conducted by Bloemnadrd. (2019)(80) reported sedentary time of whelhirusing

youth with spina bifida placing one recorder on the sternum and one on each wrist. Additional
research is needed to investigate validity of accelerometers with children who use wheelchairs and
to understand sedentary behaviour patterns inremld/ho are an-ambulant.

While researchers are primary using acceleroyrestan objective measure of sedentary
behaviour, this review revealed variability in parameters used to measure and classify sedentary
behaviour. Cut points, location, wear time and valid wear time varied across studies. For example,
accelerometer cut points feedentary behaviour ranged from 25 to 820 CPM and some researchers
use the right hip or lower back whilethers consider level of involvement and place the
accelerometer on the least affected hip. Wear time instructions and crite@didovear time als
varied between the studies with instructions ranging freBndays and valid wear time ranging
from 1-5 days. Some researchers specified the number of weekdays and weekends while others
did not. Consideration of measurement days is important siedentary behaviour time may
differ according to whether it is measured on a weekend or we€k8&0,26)

Conclusions/Summary

This review revealed gaps in the literature regarding sedentary behaviour for children with
physical disabilitiesFuture studies can focos the sedentary behaviour patterns of children with
physical disabilities such as sedentaghavior breaks and boutsstead of only total sedentary
time. Future research should also include validation of physical activity measures, particularly

with children who use wheelchairs as their primary method of molility.majority of the studies
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were observational describing sedentary behaviour patfgingily with children with cerebral
palsy, additionalstudies aimed to investigate sedentary behawbidren with other physical
disabilities ando evaluateeffectivenes®f interventions hiat incorporate strategies tlecrease

sedentary behaviour in chileh with physical disabilitieare needed
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Chapter 3
Exploring selfefficacy as a predictor of activity behavioumschildren with cerebral palsy

Abstract

Objective: The aimof the crosssectional, descriptivetudywas to explore sekfficacy
as a predictor gbhysical activityand sedentary behaviour of children wigrebral palsyTotal
participants with sufficient data we2® children withcerebral palsyaged 918 year<lassified at
Gross Motor Function Classification System | to Methods. Task lf-efficacy wasmeasured
with the Self-Efficacy Scale Sedentaritime and moderate to vigoroyshysical activityintensity
were measuredusing ActiGraph aazerometers.Analysis. Two regression models were
developed including ge, self-efficacy and gross motor functioras independent variabée and
proportion of time spenin sedentary and moderate to vigorous B#\dependent variables.
Correlation coefficiets were also calculated to examine associations between these variables.
Results Variation in daily sedentary time was explainedgbyss motor functionf(= .43, p<.01)
and ageff = .60, p<.01)R?=0.58)and variation in daily moderate to vigorous physical activity
time was explained by gross motor funct{brr -.46, p<.01), age(b -.34, p<.01)and seHefficacy
(b = .28, p<.08) (R?=.50). Although selefficacy did not significantly contribute teariancein
moderate to vigorous physical activity, it was identified as a confounding variable and retained in
the model. Selefficacy did not significant contribute to variance of sedentary behaviour time in
the regression model and therefore it was excluded this modelSeli-efficacy was negatively
associated with sedentary behaviour time.88; p=.04) and positively correlated with time spent
in moderatdo vigorousphysical activity (r=.42, p=.01Lonclusion Given the small sample size
in this study,more research on the relationship betweenefétfacy to physical activity and

sedentary behaviour in children witkrebral palsys needed.
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Introduction

Cerebr al pal sy is defined as fAgroup of
movement andposture, causing activity limitation, that are attributed to nonprogressive
di sturbances that occurred (1) (pg.9tCerebraipalsyedne pi n g
of the most common neurodevelopmentighbilitieswith a prevalence of apprarately 2.11 per
1,000 live births(2). Children with cerebral palsyexperience challenges with coordination,
selective motor control, postural control, muscle weakness and muscle and joint contfaetlres
These impairments can cause a range of eftecfsinctional mobility; ranging from challenges
with balance and coordination during higher level motor skills, such as running, to difficulty
initiating voluntary movement. These impairments may impede their ability to participate in
physical activitieg5). There is evidence that children witbrebral palsgpend most of day (76
79%) sedentary and engage in moderate to vigorous intensity physical activity for a small
proportion (27%) of their day(6); their sedentary time is higher compared to childsghout
disabilities (481645 min/day; 67%}7).

Decreasing sedentary behavior has become a topic of interest in the rehabilitation
management of children with cerebral palsy. The adverse health effects of increased sedentary
behaviour are independenttbbse that result from decreased moderate to vigorous intensity; they
have unique contributions to healf8). For example, individuals can meet physical activity
guidelines and still experience increased cardiovascular disease risk factors if theg@taged
most of their day9,10) While additional research is needed to understandpdysical activity
and sedentary behaviors affect children widrebral palsyclinically, physical therapists are

already exploring strategies to decrease sedentaavioefl1).
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Many potential factors, including physical, environmental and personal factors, contribute
to physical activitylevels among children and youth with cerebral palsy. Gross motor function
likely affects physical activitylevels (12) as children wo are marginally ambulant and Ron
ambulant spend more sedentary time compared to children who are independently ambulant
(13,14) Environmental factors have also been associatedpluithical activitylevels in children
with physical disabilitieq15). Fa example, Lauruschkus et 201 ) suggest ed t hat |
attitude and social acceptance by their peers can atigsical activityof children withcerebral
palsy(16). Personal factors such as age andefifacy have also been associated \pitlyscal
activity levels (12,17,18) Research has demonstrated that children eetlebral palsystart to
increase their sedentary behaviour at 3 years of age andsexigmal studies in these children
have shown increasing levels of sedentary behavionr iinfancy to adolescen¢#3,14,1921).

While seltefficacy is a widely known precursor for behaviour chai2g the role of sel
efficacy in predictingphysical activityand sedentary behaviour has not been thorough examined
with children with cerebral palsySelfe f f i cacy is defined as M@fAone:
capability to produce perf or manc e(83)pg.3ITH.t wi | |
Individuals who successfully perform an action will believe they havaltiigiesto engag in
that action in the future. Children who have positive experienceptwtsical activitywill likely
develop seHefficacy; which may play a role in promoting ongoing engagemenmthisical
activity. Even when facing barriers physical activity chidrenwith high seltefficacy will likely
be more persistent and have a higher degrgeatommitment compared to children with lower
self-efficacy (24). Evidence has demonstrated that-sfficacy is a strong predictor ghysical

activity behaviourm children with typical developme(it7). Knowledge of predictors gihysical
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activity and sedentary behaviour could inform approachgshiysical activityinterventions in
pediatric physical therapy.

The aim of this study was to investigdiesk RlIf-efficacy as a potential predictor ddily
moderate to vigoroyshysical activitytime and daily sedentary behaviour time wathildren with
cerebral palsglassified as Gross Motor Functional Classification System (GMFCS) levels | to IlI.
Methods

This is a cosssectional study that included combined data ffemsourcesl) an ongoing
multi-centre, randomized controlled trial (RQRp), and 2) participants recruited specifically for
this study. Ethicsapproval was providetly the University of Alberta Reaech Ethics Board
(Pro00084363). Informed consent was obtained from all parents or legal guardians and informed
assent was obtained from children.

Participant Recruitment

Participants were recruited in collaboration with the Cerebral RPalsgciation in Alberta
Cerebral Palsy Association in Edmonton, and Alberta Cerebral Palsy Sport AssoEwtidies
who hadparticipated in previous studies and provided consent to be contacted for future studies
were contacted about their interest artipating Children were eligible for inclusion if they
were aged 9 to 18 years, ableréad andspeak Englishandhad a diagnosis aferebral palsy
classified as GMFCS 1 to lllThe e&clusion criterion wasthe presence adny skin lesions or
discombrt ar ound p thattvduld intprfare with accelerameteit placement.

Data collection

Demographic characteristics were collectsthga questionnaire, which was completed

by parents, and included name, age, s&x gross motor functiofeight and weight weralso

recorded Independent variablesere age,total score of th&elf-Efficacy Scale(17) and gross
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motor functionas classified by the GMFC3he dependent variablewere daily moderate to
vigorous physical activityand sedentary tima@s measured wittaccelerometry. Additional
information aboutvariablemeasurement is included below.

1. Gross Motor Function

Gross motor function was determined using@ress Motor Function Classification System
Expandedand Revised GMFCSER), a fivelevel system used to classify gross motor function
performance of children and youth witerebral palsy26)in different environmental settings (i.e.
school, home, and community27,28) Reliability and validity of the GMFCE&R has been
evaluated in children witkeerebral palsy29) and is the international standard for classification of
motor functioning(30).

2. Seltefficacy

Task seHefficacy was assessed using the -&dffcacy Scaledeveloped by McAuley and

Mihalko (1998)(23) and adapted for use in children and adolescents by Foley(20@8)(23).

TheTaskSelf-Efficacy Scalg17)is threeitem tool that assesses perceived competence related to

successful engagement in increméptaysical activity(17,23) Children rate their confidencei(0
100% confidence) regarding participationphysical activityat each of thredlifferent intensity

levels (i.e., light, moderate and hard)7). The scalehas three items organized according to

physical activityintensity and each of these items includes three questions related to duration of

physical activity For example, onequéesb n i s : AHow confident ar
minutes ofphysical activityat a light intensity level three times next wek&llowed byfHow
confident are you that you can compl8teminutes ofphysical activityat a light intensity level

three times next week? The total score is calculated hgdingthe scores for each item and then

dividing the totalby the number of items, with higher total scores representing greater task
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efficacy. Thescalewas administered by an assessor who guidedassisted participants, as
neededTask SelEfficacy Scalas included in Appendix A.
3. Physical Activity and sedentary behaviour

Physical activityand sedentary behaviour were measured using an actigraph accelerometer
GT3X+, a triaxial accelerometer thatemasures body acceleration in three axes (vertical,
mediolateral and anteroposterior) and combines this information into vector mad@it.@2)

The GT3X accelerometer has shown good concurrent validity with oxygen consumption and good
to excellent relialtity in children with cerebral palsy classified GMFCS levélBIl1 (33,34) The
accelerometer converts voltage signal into a series of numbers (counts), which are the summation
of the measured accelerations during a certain period of time (epoch). Hppidadly are
frequently recorded from 1 to 60 seconds. Short epochs are recommended in children because they
tend to be active in sporadic burst of endi@p). Accelerometer data are downloaded into specific
software and then expressedmysical activiy as counts.

Participants wore the actigraph accelerometer GT3X+ on their right hip for 5 days,
including all waking hours, except for swimming, bathing or sleep time. Parents completed a
logbook, which recorded wear and Aepar time(20,36 38). The lodhook and accelerometer
instructions are included as Appendix B. Activity data were downloaded via ActiLife version 6
software. The minimum required period of valid wear time was 3 days, two weekdays and one
weekend day, at least 8 hours per (28). Nonwear time was considered as any interval of at
least 60 consecutive minutes of 0 counts per minute (cpm), with allowance for up to 2 minutes of
some limited movement (<100 cpm). Naear times were checked against the logbook and
deleted from the analysi&B2). Accelerometry data were digitized with a rate of 30Hz and

integrated over a-8econd epoch intervé8). Everson cut points were used to provide sedentary
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time and moderate to vigorous intensgiysical activity(34,39) Sedentary behavi
cpm), light physical activity (101 to 2,295 cpm), and moderate to vigorous physical activity
(02,296 cpm). These cut physical activityin ahildren withlICP d f or
classified at GMFCS levels | to 1{84,39)

Data analysis

Datawere analyzed usinIBM SPSS(version25) software. Descriptivestatistics were
calculated for all variable€orrelationcoefficientswere calculated to determine the relationships
between gross motor function, age and-s#fitacy (independent variablgsnd the dependent
variables daily percentage afedentary time anahoderate to vigoroushysical activitytime).

Two linear regression models were built to examine the associations between the
independent variables (age, task-sdficacy, and GMFCS Leel) and each dependent variable,
(daily percentage of sedentary time, and daily percentage of moderate to vigbeosgy
physical activitytime). The following four steps were used to build each mé#@). First,
univariable regression models wereedsto determine which independent variablesre
associated with the outcom@-value<0.20. Variableswith p<0.20 were entered intdhe
regressiormodeb. Second,independent variables wiih 00.05 remained in thenodebk. Each
independent variableith p00.05 wasthenentered back into the model to examine if the other
betacoefficients changed by 10% or md#d), in which case they were classified as confounding
variables(42). Assumptiors of linearity and homoscedasticity were checked wiiqgis of the
relationshipg betweenactualregression standardized residuals #melregressionstandardized
predicted valueAdditionally, linearity was checked with scatterplots of the relationship between
each independent variakd@dthe dependent varides. Normal probabilityplots and histograms

of the regression standardized residuals were checked for normaliassess multicollinearity,
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the \ariance inflation factowas calculated and correlation of all the predictor variables were
checked.
Results

Participants wer@6 children and adolescentsth cerebral palsyll boys, 15 girlswith
a mean agef 13.92yearsclassified at GMFCS levels(h=5), Il (n=6) and Ill (h= 15. All
participants had valid accelerometry data and 25 participantmedtthe activity logbook.

Descriptive information about the participants is included in Table 1.

Table 1. Participant characteristics
GMFCS landll GMFCS 1l Total sampl€n=26)
(n=11) (n=15)

Age x(SD) 13.91 (30) 13.93 (1.4) 13.92(2.1)
Sex

Female (n) 6 9 15

Male (n) 5 6 11
Height (cm) (n=24) x (SD) 1473 (168) 1437 (10.0) 1445 (11.7)
Weight (kg) (n=24) x (SD) 96.7 (19.2) 93.1 (29.5) 966 (26.2)
Wear time(minuteg x(SD) 781.4 (76.6) | 769.2 (111.9) 774.4 (96.9)
Sedentarylime

Minuteddayx (SD) 6210 (59.7) 666.7 (1160) 647.4 (97.4)

Daily %** 79.4 86.6 83.6
MVPA

Minutes per dax(SD) 394 (22.5) 14.3 (120) 24.9(21.0)

Daily percentage,%* 5.0 19 3.2
Self-Efficacy Scalex(SD) 75.5 (18.5) 64.6 (21.3) 69.2 (20.5)
Abbreviations: GMFCS, Gross Motor Function Classification System; MVPA, moderate to vigorous phy,
activity intensity; kgkilograms; cm, centimetersaskSelf-efficacywasrated on a confidence scale ranging
from O (not at all confident) to 100 (completely confidemith higher values indicating greaf€askSelf
efficacy forphysical activity.
*change in n represents misg data** Time spent per day as percentage of total wear time

On average, participants wore the accelerometer for 12.9 hours per day (SD=1.6 hours),

spent 10.8 hours (SD=1.6 hours) (83.7% of recorded time) sedentaryfidudtds per day), and
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spent 24.9 minutes (SD=21 minutes) (3.2% of recorded time) in moderate to vigorous physical
activity intensity per day.
Relationships betweenndependent anddependentvariables

Age andGMFCS levelwere positivey associated with percentage adily time spent
sedentaryr=.62 and r=.46, respectively<.01), and negatig associated with daily moderate to
vigorousphysicalactivity (r=.-40 and r=.53, respectivelyp<.05). SeHefficacy was negativg
associazdwith daily percentage of sedentary tiifnre-.33, p<.04 and positivey associatd with
daily moderate to vigoroyshysical activity(r=.42 p<.01) (Table 2)
Regressionmodel for moderate to vigorous physical activity

In the univariable analysis, ageMFCS leveland selefficacy were associated with
moderate to vigorouphysical activity(Table 3). Age andsMFCS levelwere retained in the
model; seHefficacy was removed as it was not significanb = . 2 Bheaddition 00 sif-)
efficacyin the modechanged h e b ¢ denofeitharlOanSelfefficacy was therefore
classified as a efounder andetained irthe modelThe model explained 50% of the variance in
daily percentage of moderate to vigorquisysical activity(R? = .50, F(3, 22) = 7.58, p<.01).
GMFCSsignificantly predicted daily percentage of moderate to vigopbysical activity( b - =
46, p<.01), as did ade b -.34, p<.01).
Regressionmodel for sedentarytime

In the univariableanalysis, age and gross motor function were associated with moderate to
vigorousphysical activity(Table 3).Self-efficacywas excluded from the model based on the initial
univariable analysige0.2). Thefinal model explained 58.4% of the variance in daily percentage

of sedentary tim¢R? = .58, F(2, 23) = 16.13, p<.0BMFCS( b = . W(Baple3p <. 01
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Table 2 Pearson correlations between independent and
dependent variables

Sedentary time (% MVPA (%)

correlation|  p correlation| p
Age .62 .00 -.40 .02
GMFCS 46 .00 -.53 .00
Self-efficacy -.33 .04 42 .01

Abbreviations: MVPA, moderate to vigorous physical activity; GMFCS, G|
Motor Function Classification System

Table 3
Univariable regression models for daily MVPA time andsedentary time
MVPA? Sedentary time

Variable B SE b (95%Cl ) B SE b (95 %CI
Age -47 | .21 -.4**%(-.92 t0-.02) 2.04| 52 .62*(.96 to 3.11)
GMFCS -2.67 | .86 -.54*(-4.4 t0-.89) 6.54 | 2.52 46 (1.31t0 11.7)
Self-efficacy .05 | .02 A42**(.0to .1) -11 | .07 -.33(-.25 10 .02)
Multiple regression models for daily MVPA time and sedentary time

B SE b (95%Cl ) B SE b (95 %CI
Constant 991 | 3.2 (3.12 to 16.69) 46.5| 6.73 (32.66 to 60.51)
Age -39 | .17 -.34*(-.76 t0-.03) 1.97| .44 .60*(1.06 to 10.03)
GMFCS -2.29 | .76 -0.46*(-3.87 to-.72) 6.14 | 1.88 43*(2.24 to 10.03)
Seltefficacy .03 | .01 .28 ¢.005 to0 .07)
R? .50 .58
Time spent per day as a percentage of total wear time *p<0.01 **p<0.05
Abbreviations: MVPA, moderate to vigorous physical activity; GMFCS, Gross Motor Function Classification Systemn
standard error; Cl, confident interval.

Discussion

The aim of this study was to explore sefficacy as a predictor fanoderate to vigorous
physical activityand sedentaryime in children with cerebral palsyFactors that significantly
contributed to explaining the variance in these activity behaviours were GMFCS and age. Even
though seHefficacy did not significantly aatribute to explaining the variance in the moderate to
vigorousphysical activityof children withcerebral palsywe observed a negative relationship
between dé-efficacy and sedentary behaviour and a positive relationship betweesifealty

and physical activity The presence of these relationships suggests that the role-effisalfy
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should be dirther investigated to explain activity behaviour in children vaénebral palsy
Evidence in adults with stroke has demonstrated that strategess draSocial Cognitive Theory
such awerbal persuasion and mastering experiencelsl gmientiallyreduce sedentary tingé3).
In adolescents witherebral palsyMaher et al. (201Q)L1) implemented an intervention program
based orthe principles ofSocal Cognitive Theoryusingstrategies that increase sefficacy to
reduce sedentary behaviours. Even though théyot demonstrate a behaviour change, to the
best of our knowledge, this is the first study that explorede$ftfacyin interventions to reduce
sedentary behaviour with children with cerebral paBgifefficacy plays an important role in
helping individuals to adapt therehaviour to overcome environmental barrig4). Potential
ways to increase sefffficacy in childen with cerebral palsy include vicarious experience (i.e.
learning by watching other children performing the same actiwtyh could be achieved by
providing physical therapy in group settingzroviding verbal persuasion (i.eencouraging
children tochange their behaviodinrough increasing belig¢hat they have the ab¥ito do i or
master experienc@.e. facilitating the achievement of small taske the child can experience
succesp

The lack of significance of se#ffficacy in our model may suggest that measurement of
physical activityrelated seHefficacy in children needs further developmerie pychometric
propertiesof the Self-Efficacy Scale(17) need to be evaluated in chidlr with cerebral palsy.
Another potential issue in this study was the small sample size, which may have affegtedethe
to identify self-efficacyas a factor related ttaily sedentary timer moderate to vigorous physical
activity. In addition,the task selefficacy scaldocused on seléfficacy for physical activity and
did not address efficacy regarding specific actions related to sedentary behavior. The lack of a

specific tool to measure seadfficacy related to decreasing sedeyptaghavior may have affected
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the results of this study and may explain why-séfitacy was not significant in the sedentary
behavior modelTask selfefficacy was the only type of sedfficacy evaluated in this study.
Research has demonstrated barmedfreafficacyas apredicor of physical activityof children with
typically developing17). Future studies should investigadte distincttypes ofself-efficacy for
predictingphysicalactivity behaviours o€hildren with cerebral palsy

This study expred some factors related to activity behaviours in children eg@tbbral
palsy. Future research could explore environmental factors that have been identified in the
literature including prental suppor(45), family culture and attitudegl6). To the best of our
knowledge, parental suppddr physical activityand family culture related to physical activity
have not yet been investigates a predictor of physical activity withildren withcerebral palsy

We did not evaluatesedentary behavioyratterns angbhysical activitypatternssuch as
bouts and break (46). Sedentary behaviour patternaninclude sedentary breaks, which are
defined as any activitsegistered above the sedentary threshold, usuallyelihto 100 cpn46);
and sedentary bouts, described as uninterrupted periods of sedentary beldaVidaradults
without disabilities, increasdateaks hae demonstrated to improve cardiometabolic biomarkers,
independent of total sedentary tirfd3). For childrenwith cerebral palsylassified as level IV
and V, ncreasing the number and duration of sedentary breaks may be more feasible than
decreasing overakedentary timeand therefore replacing sedentary time with short and light
activity breaks, may be more feasible than increasing moderate to vigrgsisal activity
Limitations

Only children withcerebral palsylassified ad GMFCS level | to Il were selected for
participation in this study. This group was selected to allow for a more homogeneous sample given

that the characteristics associated vpliysical activityfor children classified as GMFCS levels
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IV and V may be quite differenf21). Therefore, the findings can only be generalized to this
particular group and further research is necessary to examine if these findings apply to other
pediatric populations with physical disabilitiedespite considerable ffert including
advertisement in the Cerebral Palsy Association in Alberta, Cerebral Palsy Association in
Edmonton, Alberta Cerebral Palsy Sport Association (ACPSA), The Steadward Centre, the
community Ypuodraaam Ri de 20; a n digh ¢che CdrebraltPalsyg f an
Registry research database and thtbae had participated in previous studies, the target sample
size of 30 participants was not achieveldis study may have been underpowefedample size
of 26 participants could be consideredite small to provide statistical strength in analyzing
predictor factors ophysical activity which may have been why selfficacy was not significant
in the moded. Additional researclhat considers largesample sizeo explore sekefficacy for
explaining sedentary behaviour goluysical activityin children withcerebral palsys needed
Conclusion

GMFCS levels and age are predictoradtivity behaviours in children witterebral palsy
This study also demonstrated relationship between sadfficacy and moderate to vigorous
physicalactivity, anda relationshigpetween selefficacy and sedentatyme. Additional research
that investigates the role of selfficacy in activity behaviours of children witterebral palsys

needed
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Chapter 4:
General Discussion and Conclusions

Main Findings

This thesis included two parts: 1) a scoping review aimed to synthesize the evidence
regarding sedentary behaviour patterns, measurement of sedentary behaviour and effectiveness of
interventional studies aimed to decrease sedentary behaviour in chilthigrhysical disabilities,
and 2) a crossectional study to identify seéffficacy as a predictor of physical activity and
sedentary behaviour in children with cerebral palsy. Most of the studies included in the scoping
review were observational and hawnfirmed that ambulatory children with physical disabilities
spend a large amount of their time sedentary and that sedentary behaviour might increase over
time. Studies have validated accelerometry as an objective measure of sedentary behaviour in
childrenwith cerebral palsyand interventional studies have not demonstrated effectiveness for
decreasing sedentary behaviour in children with physical disabilities. In addition, the scoping
review revealed lack of consistency in how accelerometry is used hiithien with disabilities.
The crosssectional study demonstrated gross motor function and age are predictors of activity
behaviours in children witkeerebral palsyTaskself-efficacy as measured by tiself-Efficacy
Scale contributed to the variance oily moderate to vigorous physical activity tim&hile
relationshig between selefficacy and both sedentary behaviour and moderate to vigorous
physical activitywere demonstrated, the small sam@ize might have resulted in lack of
significance of sélefficacy as a predictor in the regression moddélis study did, however,
demonstrate a positive relationship between-effifacy andmoderate to vigorous physical
activity and a negative reianshipwith sedentary timeThis study suggesthat thecontributions

of seltefficacy in activity behaviours of children witerebral palsghould be evaluated further.
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Clinical and Research Implications

Studiesin other populationkave demonstrated that sefficacy is an important predictor
of physicalactivity and, therefore, more research on the role thate$itfacy plays in activity
behaviours with children with cerebral palsy is need@dce models of activity behaviour can
explain only a part of the variance in sedentary time and moderate to vigbrgsisal activity
clinicians should be aware about other possib
Clinicians should cesider identifying potential barriers to ongoiplgysical activityand parental
behaviours that would suppaphysical activityengagementFor example jdentifying family
barriers and facilitators tphysical activityand problem solving with families tind programs
that are a good fitmightaffectc h i | @hyscal @divitypehavious (1).

A valid assessment of seadfficacy is important to explain activity behaviours of children
with cerebral palsyAlthoughtask €lf-efficacy related t@hysical ativity was evaluatedheSelf
Efficacy Scaleneeds to be validated in this population. Researchers have considered different
measurement methods to assedf-efficacy anddifferenttypes of seHefficacy(2i 4). Continued
refinement of measurement toalgpropriate for children with cerebral palsy would contribute to
ongoing research in this area.

Knowledge Translation

The findings of this research wildd to thditerature regarding sedentary behaviour in
children with physical disabilities. The cressctional study can be considered as preliminary
evidence of thenegative relationship betweeseli-efficacy and sedentary behaviour and the
positive relationship étween selefficacy andphysical activity Findings will be disseminated to
families that participated in this study, the Cerebral Palsy Association in Alberta (CPAA),

scientific conferences artdio papers will be submitted to pe@viewed,scientific jaurnals.
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Future researchdirections

Future researchould include 1) \alidation of objective methods to measure sedentary
behaviour in children with cerebral palsy who use wheelchairtorgjitudinal description of
sedentary behaviour patterns (sedentane, break and bout) across all functional lev€leoés
Motor Function Classification SystelmV); 3) evaluation oftie role of seHefficacy in increasing
physical activityand decreasing sedentary behavidyrevaluation of the rolesf specific types
of selfefficacy (i.e. task, coping and scheduling) that have hesociated with sustainptysical
activity (3); and 5) evaluation ofeffectiveness of intervention programs aimed to decrease
sedentary behaviotinat are based @tages of behaviowhangeandincorporateapproaches that
aim to change family culture regardipbysical activity(7).

Results obtained from this thesis will encourage researchers to further investigate sedentary
behaviour in children with physical disabilities and the role ofekifacy inphysical activity

and sedentary behaviour.
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Appendices

Appendix A: TheTaskSelf-Efficacy Scale

WHAT IS PHYSICAL ACTIVITY?

WHEN YOU ANSWER THE FOLLOWING QUESTIONS, KEEP IN MIND
THAT PHYSICAL ACTIVITY INCLUDES THINGS SUCH AS:

ORGANIZED SPORTS LIKE: HOCKEY, TRACK & FIELD, BASKETBALL,
TENNIS, GOLF, VOLLEYBALL, BASEBALL.

ORGANIZED ACTIVITIES LIKE: SWIMMING LESSONS, DANCING,
AEROBICS.

OTHER PHYSICAL ACTIVITIES YOU DO IN YOUR SPARE TIME
LIKE: SKATING, SKATEBOARDING, RIDING YOUR BIKE, WALKING
THE DOG, GOING FOR A WALK, GOING FOR A RUN, SKIPPING.

THESE ARE NOT ALL THE PHYSICAL ACTIVITIES YOU CAN DO.
YOU WILL PROBABLY BE ABLE TO THINK OF MORE.
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WHAT ARE LIGHT / MODERATE / HARD ACTIVITIES?
Below is the description of what light, moderate and hard activities are:

LIGHT ACTIVITIES: Are when you are moving
around, but your heart rate and breathing do not

increase very much. You probably will not be

sweating doing these unless the weather is really ho..

You would be able to talk easily through the activity.

MODERATE ACTIVITIES: Are when your breathing
and heart rate increase. You may start to sweat, your
might feel a little bit tired and you may feel out of brea|

You may also find it hal to talk during the activity.

HARD ACTIVITIES: Are when your heart beats very
fast, your breathing is fast and you start sweating.
You may also feel exhausted and out of breath. Your

legs would probably be feeling pretty heavy. It would

very hard to talk during the activity.
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In answering the following questions, you will be asked to think about how confident you

are that you can participate in physical activities that are described as light / moderate /

hard. Thewordiconf i dent o refers to the belief that
something well.

LIGHT ACTIVITIES: Are when you are moving around,
but your heart rate and breathing do not increase very much.
You probably will not be sweating doing tleesnless the
weather is really hot. You would be able to talk easily through
the activity.

1. How confident are you that you can complgeminutesof physical activity at
alight intensity level three times next week?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
| am not confident | am kind of I am almost | am
at all confident certainly  completely
confident confident

2. How confident are you that you can comp&Qaminutesof physical activity at

alight intensity levéthree times next week?

0% 10% 20% 30% 40% 50% 60% 70% 80%90% 100%

| am not confident | am kind of | am almost | am
at all confident certainly  completely
confident confident

3. How confident are you that you can comp&laminutesof physical activity at

alight intensity level three times next week?

0% 10% 20% 30% 40% 50% 60% 70% 80%90% 100%

| am not confident | am kind of | am almost | am
at all confident certainly  completely
confident
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MODERATE ACTIVITIES: Are when your breathing
and heart rate increase. You may start to sweat, your legs
might feel a little bit tired and you may feel out of breath.
You may also find it hard to talk during the activity.

4. How confident are you that you can complete
10 minutesof physical activity at anoderateintensity level three times next
week?

0% 10% 20% 30% 40% 50% 60% 70% 80%90% 100%

| am not confident | am kind of | am almost | am
at all confident certainly  completely
confident confident

5. How confident are you that you can comp&Qaninutesof physical ativity at
amoderateintensity level three times next week?

0% 10% 20% 30% 40% 50% 60% 70% 80%90% 100%

| am not confident | am kind of | am almost | am
at all confident certainly  completely
confident confident

6. How confident are you that you can comp&faminutesof physical activity at
amoderateintensity level three times next week

0% 10% 20% 30% 40% 50% 60% 70% 80%90% 100%
| am not confident | am kind of | am almost | am

at all confident certainly  completely
confident confident
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HARD ACTIVITIES: Are when your heart beats very
fast, your breathing is fast and you start sweating. You
may also feel exhausted and out of breath. Your legs
would probably be feeling pretty heavy. It would be

very hard to talk during the activity.

7. How confident are you that you can compléieninutesof physical activity at
ahard intensity level three times next week?

0% 10% 20% 30% 40% 50% 60% 70% 80%90% 100%

| am not confident | am kind of | am I am almost | am
at all confident reasonably certainly  completely
confident  confident confident

8. How confident are you that you can comp&Qeminutesof physical activity at
ahard intensity level three times next week?

0% 10% 20% 30% 40% 50% 60% 70% 80%90% 100%
| am not confident | am kind of | am | am almost | am

at all confident reasonably certainly completely
confident  confident confident

9. How confident are you that you can comp&Qeminutesof physical activity at
ahard intensity level three times next week?

0% 10% 20% 30% 40% 50% 60% 70% 80%90% 100%
| am not confident | am kind of | am | am almost | am

at all confident reasonably certainly completely
confident  confident confident
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Appendix B: Physical Activity Logbooland Accelerometer Instructions

5-Day Accelerometer Wear Time Log

Pleasewrite outthe date and times, anccheckt he O YES® or éabhday opti ons

Day 1

Day 2

Day 3

Day 4

Day 5

Date (M/D/Y)

Device putON at
what time? (AM)

Device takerOFF
at what time? (PM)

Was the device
removedduring
wear time?

% Yes

% Yes

3 Yes

3 Yes

5 Yes

5 No

5 No

5 No

5 No

3 No

If YES, during
which times:

To

To

To

To

To

Did you take the
device off asecond
time?
During which
times?

To

To

To

To

To

Did you experience any problems? Please explain:
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Instructions for Wearing the Accelerometeractigraph

PLACEMENT: The Actigraph should be worr
around your waist, above your right hip bone
340 from your navel)
of your body.

Adjust the Velcro strap for comfort. If you war
to loop the straps through belt loops, that is fir

SCHEDULE: Please put the Actigraph on right away when you get up in the
morning and wear it throughout the day. When you take it off at night, put it
somewhere that you will remember to put it on first thing in the morning such as
with your glasses, clock, or watch.

CARE: Do not leave the Actigraph in hot places such as the dashboard of a car.

Please treat it with reasonable care. The ActiGraph is not waterproof. For water
activities (showering, swimming), please take the Actigraph off.

Please wear théAccelerometeractigraph for a total of 5 days

If you have questions or concerns, please call Felipe Ganz at: 58363 8 5 6 . We 61 |
a call on Day 3 or 4 to see if you have questions.
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