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ABSTRACT

Background:The24-hourmovement(physicalactivity–sedentarybehavior–sleep)paradigm

canpromoteanability-focusedapproachtochangingmovement behavioursinpeoplediagnosed

withcancer. Thisscopingreviewaimedtoexplore howthe24-hourmovement paradigmhasbeen

appliedinpeoplediagnosedwithcancer,examiningbehaviourmeasurement methodsand

associationsbetween24-hourmovement behavioursandhealthvariables.

Methods:Asystematicsearchwasconductedonthe8th August 2024. Medline, Embase,and

CINAHLweresearched.Therewerefivesteps: identifyingthe researchquestion; identifying

studies;studyselection;chartingthe data;collating, summarisingandreportingresults.Study

design, sampledemographics, movementbehaviourmeasurement, analyticalapproach,and

studyoutcomeswereextracted.ThereviewwasconductedaccordingtothePRISMA-Scr

framework.

Results:Of88recordsidentified, sevenstudiesmetinclusioncriteria.Allstudieswere

cross-sectionalwithmovement behavioursastheexposures.Onestudywasconductedin

children.Fourstudiesuseddevice-basedmeasuresforallbehaviours,twouseddevice-based

measuresofdaytimebehaviourswithself-reportedsleep,andonestudyusedself-reportforall

behaviours.Allstudiesusedisotemporalsubstitutionmodelling. One studyapplieda

compositionaldata approach.Outcomesincludedanthropometrics, qualityof life, cognitive

function, andbonehealth.Reallocatingtimeintomoderate-to-vigorousphysicalactivitywas

associatedwiththemostconsistenthealthbenefits.

Conclusions:Limitedstudieshaveappliedthe24-hourmovementparadigminthispopulation.

Most useddevicesformeasurement.Whilecurrentevidenceisconstrainedbycross-sectional
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designsandlimitedgeneralisability,resultssupport thepositiveimpactofreallocatingtimefrom

otherbehavioursintophysicalactivity.

INTRODUCTION

Cancer is a major contributor to the global disease burden1. Earlier detection and improved

treatments and survival rates mean a large population of people are living with and beyond

cancer2. A substantial bodyof trial evidence demonstrates multiple benefitsforphysical activity

(PA) after a cancer diagnosis3-6. This includes evidence for improved patient-oriented endpoints

suchasimproved fatigueandqualityoflife6-8 as wellashealth-related endpointsincludingcancer

survival9,10. Accordingly, the American College of Sports Medicine recommends that people

diagnosed withcancerengagein150-300 minutesperweek of moderateintensityPAor75 to150

minutesperweekofvigorousintensityPAtoimproveoutcomesafterdiagnosis3.

Despite these recommendations, many people diagnosed with cancer do not meet the

recommended amounts of moderate-to-vigorous intensity PA (MVPA) per week and this group

demonstrates consistently lower levels of physical activity compared to adults without cancer11.

A systematic review of physical activity levels in people with cancer undergoing chemotherapy

demonstrated that most people diagnosed with cancer do not achieve the recommended

amounts of MVPA, with or without intervention12 and adherence is as low as 7.5% in people

diagnosed with colorectal cancer13. Accelerometer-derived MVPA across the included studies

waslow, rangingfrom7 minutesto 22 minutesofMVPA perday12.A 2023study usinga nationally

representative sample of people diagnosed with cancer in the United States reported that the

prevalence of meeting the aerobic PA recommendations is 40%, although this varied across

cancer types such as skin cancer (51%) and stomach cancer (27%)14. Similar prevalence

estimateshavealsobeendocumentedintheUnitedKingdom15.
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There is substantial evidence indicating that engaging in PA of moderate-to-vigorous intensity

has the greatest benefit to health16-18. However, Sabiston et al. and Lynch et al. reported that

MVPA accounts for<2% of waking hours in their respective studies of people diagnosed with

breast cancer19,20. Regular participation in structured leisure-time PA can be unappealing due to

manyreasons.This includessomebarriersthat are commonlyidentifiedinthegeneral population

such as logistical demands, low mood, low self-efficacy, and preference for other activities21,22.

Specifically in people diagnosed with cancer, barriers such as disease related side effects (e.g.,

fatigue), the presence of comorbidities, and the logistical demands of attending appointments

and cancer care are consistently reported 22,23. Therefore, it is useful to look beyond structured

exercise to instead consider the distribution of PA across the day, including behaviours such as

vigorous intermittent lifestyle physical activity (VILPA24) and behaviours that constitute much

largerproportionsof the24-hourdaysuchasLPAandSB17.

The 24-hour movement paradigm acknowledgesthat eachday is made up of time spent across

sleep, SB, and PA of different intensities25,26, recognising that these behaviours are

interdependent and any increase in time spent in one must result in a reduction in time spent in

another27. Rather than focusing ona single behaviour in isolation, increasing evidence suggests

that the overall composition of the day is critical for health outcomes28,29. Accordingly, recent

studies have examined the effects of making small incremental changes across all movement

behaviours on health outcomes such as cardiovascular disease and blood pressure30,31. This

reflectsthe increasing recognitionthat improving allbehaviourssimultaneously andachievingan

overall healthier movement composition can have a synergistic effect on health29,32. This has

contributed to the publication of new 24-hour activity guidelines for the general population in

countriessuchasCanada25.
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Despite uptake ingeneral populationresearch, the 24-hourmovement approachhas rarely been

applied to people diagnosed with cancer. Therefore, its potential to take an ability-focused

perspective on physical activity- one that accounts for individuals’ physical capabilities and

limitations within the cancer care context- remains underexplored33. In an international review of

98 studies exploring PA intervention preferences of people diagnosed with cancer at different

sites and at all stages of treatment, the importance of having achievable forms of PA was

highlighted, recognising that high intensity PA can be daunting and challenging to perform after

diagnosis23.Emphasisingthebenefitsofsmallchangesacrossothermovement behaviourssuch

asLPAand standing time, and breaking upSB may seemmore achievable to people withreduced

physicalcapacityand/orareexperiencingfatigueresultingfromtheirdiagnosisandtreatment34.

The aim of this scoping review is to synthesise and describe the available evidence on how the

24-hour movement paradigm hasbeen applied inpeople diagnosed withcancer. The objectives

are: 1) to examine how 24-hour movement behaviours are simultaneously measured and

analysed within an integrated framework in people diagnosed with cancer, and 2) to explore

associationsbetweentheseintegrated24-hourmovementbehavioursandotherhealthvariables

inpeople diagnosedwithcancer.

METHOD

The protocol for this scoping review was developed using Lely et al.’s template for scoping

reviews35. The protocol was registered prospectively with the Open Science Framework on 22

February 2024 (https://osf.io/j25ge/). The methodology was guided by the Joanna Briggs

Institute’s (JBI) guidance for conducting scoping reviews and Arksey and O’Malley’s

framework36-38. See Supplementary Materials for a completed PRISMA-Scr Checklist39.

Conducting the review included five steps; 1) identifying the research question; 2) identifying
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relevant studies; 3) study selection; 4) charting the data; and 5) collating, summarising, and

reportingtheresults.

Identifyingtheresearchquestion

Prior to beginning the scoping review, preliminary searches of electronic databases were

conducted in November 2023 to explore existing literature and guide the development of the

research question. Due to the limited evidence available and heterogeneity of outcomes, a

scoping review was deemed appropriate to map existing research, assess methodological

approaches,identifyknowledge gaps, andinformfutureresearch40,41.

Identifyingrelevantstudies

The lead researcher (S.L.S.) formulated the search strategy with input from an information

specialist librarian at University College London (D.M.). Subject headings and keywords were

pilotedtoensurea comprehensivesearchandthat relevant knownstudieswereidentified. Search

strategies of previous literature reviews about the measurement of movement behaviours were

collatedandrefinedtoalignwiththeresearchquestion42,43.

The databases Medline, Embase and Cumulative Index of Nursing and Allied Health Literature

(CINAHL) were searched on 8th August 2024. The search strategy was modified from the

registered protocol - the requirement of termsfor device-based measureswasremoved to ensure

that studies that only used self-report but applied the 24-hour movement paradigm would be

included. Terms for PA, SB, and sleep were combined with the ‘AND’ Boolean operator to ensure

that studies included a measure of each type of behaviour necessary for 24-hour movement

examination. The full search strategies for the Medline, Embase, and CINAHL databases are

available in the Supplementary Materials. The identified records from each database were
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downloaded into Endnote (version 2044). Endnote was used for deduplication before exporting

intoMicrosoft Excel45.

Reference lists from review papers and included studies were also searched33. Conference

abstracts were excluded from this review due to insufficient information on the required

methodology. No search for conference abstracts in the grey literature was conducted on

conference websites. A grey literature search was conducted in Google Search using the terms

from the search strategy as well as searching open access theses repository websites. (e.g.,

EBSCOOpenDissertations46).

Studyselection

The study selection process was implemented over two stages. Two reviewers (S.L.S. and L.B.)

screened titles and abstracts of the records identified from the searches according to the

inclusion criteria outlined below (stage 1). Any disagreements were resolved by discussion and

consensus. Where there was uncertainty, records were brought to the full text screening stage

wherethesameinclusioncriteria wereapplied(stage2).

Included studies must have involved humanswho had received a clinical diagnosisof cancer. No

distinction was made between those who had completed treatment or those who were still

receiving treatment. No restrictions on age, cancer type or any other demographic or clinical

characteristicswereimposed.
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Included studies must have measured PA, SB, and sleep using self-report or device-based

measures. The registered protocol originally stated that a compositional approach to data

analysis must have been used. Compositional data analysis is widely used in studies in the

general population and accounts for the fact that movement behaviours are codependent (i.e.

time spent in one behavioural necessarily displacestime spent in another)16. Convertingdata into

compositional data (usually achieved using isometric log ratios16,47) enables researchers to

perform modelling such as isotemporal substitution within the constraints of a 24-hour day. For

example, researchers canexamine the proportion of time spent inSB to the total 24-hour

day. This overcomes the limitations of traditional models, which cannot adjust for all remaining

movement behaviours due to multicollinearity47. However, using compositional data analysis

withthis population wasvery limited, so the searchstrategy was modified to also include studies

that analysed 24-hour movement using isotemporal substitution without compositional

constraints. Isotemporal substitution involves the hypothetical replacement of one type of

activityorbehaviourwithanotherof equal durationwhile keeping the overall time constant48. For

example, researchers can model the impact of reallocating 30 minutes from MVPA into SB on a

markerofhealth.

Studiesconductedinanysettingwereeligibleforinclusion.

Exclusioncriteria

Studies in non-human subjects were excluded. Studies in languages other than English were also

excluded if there was no English translation available. Conference abstracts were excluded.

Where multiple sources reported onthe same data (e.g., a thesis and published articles), only the

peer-reviewedpublicationswereincluded.
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Chartingthedata

Data extraction was performed by two independent reviewers (SS and LB). After initial pilot

extraction of 2 articles by both reviewers, additional headings were added to the original data

extractionform. The headingsindicated: basic study information; the study design; descriptionof

study sample; the type of measure for each behaviour (self-report or device-based); device type,

data processing methods, and wear protocol (if relevant); the self-report measure (if relevant);

whether 24-hour movement was the exposure or outcome; the other health variable(s) and

associated measure(s) examined in relation to 24-hour movement behaviours; whether

independent associations were examined; description of results based on the different model

approaches (i.e., single, partition, and isotemporal substitution models); covariates included in

the final models; summaryof the keystudyfindings. The full list of data extractionform headings

is provided in Supplementary Materials. Where information was missing or unclear,

corresponding authors were contacted for clarification via email. Any disagreements were

resolvedthroughdiscussionbetweenthe tworeviewers.

Collating,summarisingandreportingtheresults

One researcher (SS) collated, summarised, and reported the results. Adescriptive studysummary

table was created to outline key study details and provide a comprehensive map of the existing

evidence.

Measurement ofbehaviours

Informationonhow behavioursweremeasuredwasextracted andpresentedina table toallowfor

comparison of movement behaviour definitions across the included studies. For studies using
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device-based measures, this included identifying device type, device placement (wrist, hip, or

thigh), andany softwareoralgorithmsusedfordata processing andreduction. Wearprotocolsfor

deviceswerealsoreviewedincludingmonitoringperiod, criteriaforavalidday(i.e.,minimumwear

time requirements)and thenumberof valid daysneededforinclusioninthe analysis. Additionally,

information on wear-time compliance was explored and presented. For self-report measures, the

specificquestionnairesusedinstudieswerepresented.

Associationwith24-hourmovement

Study outcomes were extracted to identify key variables examined in relation to 24-hour

movement behavioursin thispopulationand the position of 24-hour movement asanexposure or

outcome in the analysis. Specific outcome measures and their assessment methods (e.g.,

self-report)werepresentedinthedescriptivestudysummarytable.

Qualityappraisal

The methodological quality of included studies was critically appraised using the Critical

Appraisal Skills Programme (CASP) checklist for cross-sectional studies49. One reviewer (SS)

independently conducted the appraisal for each study. A narrative summary of quality was

recorded alongside each study along with a final rating (e.g., low, moderate, high) based on the

overall strengths and limitations identified. The CASP checklist for cross-sectional studies is

presentedintheSupplementaryMaterials.

RESULTS

Figure 1 presents the flow of study selection. From 88 identified publications and two theses,

seven studies met the eligibility criteria and were included in this review. Disagreement occurred

overtwoprotocolpapersduringscreening50,51.Afteragreement that these studiesmayincludean

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228



24-hourmovementinpeoplediagnosedwithcancer

11

analysis plan, both were brought forward to full text review, but were not included in the final

review. One thesis was identified as a source of two included studies and was excluded to avoid

duplication, with the peer-reviewed publications retained52,53. These studies used the same

sample to examine different outcomes52,53, meaning seven studies using six distinct samples

wereincludedinthereview.

Studycharacteristics

Study characteristics are presented in Table 1. All were cross-sectional. Three studies were

conducted in the United States52-54, two in Australia55,56, one in Canada57, and one in Spain58.

Three studies investigated multiple cancer types52,53,58, two investigated breast cancer54,55, one

Non-Hodgkin’sLymphoma56, andonekidneycancer57.Samplesizesrangedfrom7352,53 to46357.

Sixstudieswereconductedinadults52-57andonewasconductedinchildrenandadolescents(<18

years old)58. Movement behaviours were the exposures in all studies. Four studies used

device-based measures for all behaviours52-54,58, two used device-based measures of daytime

behaviours with self-reported sleep55,56, and one study used self-report for all behaviours57. All

studies used isotemporal substitution modelling to investigate the impact of reallocating

movement behaviours on the outcomes. One study applied a compositional data approach to

isotemporal substitution in children diagnosed with cancer58. Most also reported single models

(only examining one movement behaviour without taking others into account)52-57 and partition

models(examiningonemovement behaviourwhileholdingtheotherbehavioursconstant)53-57.

Qualityappraisal

Table 2 presents the summarised quality appraisal results. Six of the included studies were rated

aslow quality52-57 and one wasmoderate quality58. Briefly, studies demonstrated strengthssuch

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250



24-hourmovementinpeoplediagnosedwithcancer

12

as the use of device-based measures52-56,58, validated outcome tools53,56-58, and appropriate

analytical approaches52-58. However, reporting on cancer-specific validity of measures was

limited. In the analyses, the issue of residual confounding is likely as studies did not account for

key factors such as comorbidities52-54,58 and socioeconomic position52,53,58. The generalisability

of studies was limited due to small sample sizes, evidence of selection biases, and samples

comprising better functioning, health-conscious participants52-58. Despite methodological

limitations, studieswere ratedasvaluable due totheirexploratorynatureandhighlightingof areas

forfutureresearch.

251

252

253

254

255

256

257

258



24-hourmovementinpeoplediagnosedwithcancer

13

Measurementofbehaviours

Table3presentshowmovementbehavioursweremeasuredanddefinedacrossstudies.

Device-basedmeasures

SBandPAof different intensitiesweremeasuredusingdevicesinsix studies52-56,58.Sleepwas

measuredusingdevicesinfourstudies52-54,58.

Table4presentsthewearprotocolsforthe devicesusedacrossstudies. Onlyonestudyincluded

cancer-specificwearinstructionsadvisingwomendiagnosedwithlymphedemaorexperiencing

discomfort ontheirnon-dominant sidetowearthedeviceontheirdominantwrist whilesleeping54.

Self-report measures

Onestudyusedself-reportedmeasuresofSBandPAofdifferent intensities57.Threestudiesused

self-report measuresforsleep55-57.

Outcomesexamined

Outcomes across studies and their measures are presented in Table 1. Three studies examined

movement behaviours in relation to quality of life53,56,57. Specifically, Vallance et al. examined

health-related quality of life and fatigue in people diagnosed with Non-Hodgkins Lymphoma56.

Body mass index (BMI) was explored asan outcome intwo studies52,55 . Cognitive function was

explored as an outcome in one study54. Waist circumference was explored in another study55.

Bonehealthwasexploredasanoutcomeinchildrendiagnosedwithcancer58.

Analysesconducted
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Results of the isotemporal substitution models fromseven studies are presented in Table 5. Five

studies converted time spent in behaviours into 30-minute unitsfor reallocation models52-56. One

study used 10-minute unitsand only examined the replacement of sedentary behaviour with other

behaviours57. Only the study with children diagnosed with cancer explicitly accounted for the

compositional nature of the 24-hour day and used isometric logratiosto investigate the impact of

reallocating time across behaviourswithbone health58. The hypothetical reallocationof time into

MVPA demonstrated the most positive impact on health outcomes. Shading in Table 5 indicates

where the modelled reallocation of time between behaviours is associated with a statistically

significant improvement in the outcome of interest (i.e., beneficial to participants), for instance,

improved fatigue. Unshaded rows indicate where there is a statistically significant association

thatisnotina beneficialdirectiontoparticipants(e.g., worsenedfatigue).

Three studies reported on clinical significance53,56,57. Vallance et al. reported clinically important

differences for fatigue when 30 minutes of MVPA replaced 30 minutes of sleep, SB and LPA56.

Replacing 30 minutes of sleep, prolonged sedentarytime, non-bouted sedentary time, orLPA with

bouted MVPA achieved the threshold for determining a clinically important difference in

health-relatedqualityoflife,althoughthiswasnot statisticallysignficant56,59. Hiddeet al. reported

a clinically meaningful decrease in quality of life when reallocating time from MVPA to sleep,

sedentary time, or LPA53. In people diagnosed with kidney cancer, Tabaczynski et al. estimated

the threshold at which substituting behaviours can produce clinically meaningful changes in

quality of life57. They reported that 83, 200, and 65 minutes of MVPA, sleep and LPA respectively

wereneededtoreplaceSBtoachievea clinicallymeaningful improvement57.

DISCUSSION
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Thisisthefirst reviewofstudiesthat have examinedintegratedphysicalactivity,sedentary

behaviourandsleep(24-hourmovement)inpeoplediagnosedwithcancer.Allstudiesinthis

reviewwere cross-sectionalwith24-hourmovement behavioursastheexposures. Sixout of

sevenemployeddevice-basedmeasurestoassessPAandSB52-56,58.Whilefourstudiesuseda

device-basedmeasureofsleep52-54,58, twostudiessupplementedtheirdevice-basedPAandSB

witha self-reportedmeasureofsleep(singlesleepdurationitemfromthePSQI60)andusedthisto

estimatethetotal timevariable55,56.Onestudyusedself-report forassessingallbehaviours57.

Despitedifferencesinmeasuresacrossstudies, isotemporalsubstitutionalmodelling

consistentlyindicatedthepositiveimpactofhypotheticallyreallocatingtimefromother

behavioursintoPA, particularlyPAofmoderate-to-vigorousintensity. Improvementswere

reportedacrossarangeofoutcomesincludinglowerwaistcircumference,lowerBMI, faster

cognitiveprocessing, improvedfatigueandimprovedbonehealth52,54-58.Resultsmostly

supportedthedeleteriousimpact ofreallocatingtimefromotherbehavioursintoSB52,54,56-58.

Fewstudieswereidentified, andtheoverallmethodologicalqualityofstudieswaslow.Thislimits

thestrengthofthecurrent evidence buthighlightskeyprioritiesforfutureresearch. Addressing

residualconfounding,achievingmorerepresentativesampling,andreducingmeasurement bias

willbecriticaltofurtherunderstandtheobservedassociationsinpeoplediagnosedwithcancer.

Despitetheselimitations,thestudiesofferexploratoryinsightsandare useful inmappingthe

24-hourmovementparadigminpeoplediagnosedwithcancer.

Studydesign

Allstudieswerecross-sectionalinnature, consistent withresearchinthegeneralpopulation

wherestudiesapplyingthe24-hourmovement paradigmtolongitudinaldataarelacking29,61,62.
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Similartothefindingsof areviewof103timereallocationstudies,interpretingtheresultsinthe

currentreviewislimitedbytherelianceontheoreticallymodellingreallocationsoftimeusing

cross-sectionaldata62. Employinglongitudinalorrepeatedmeasuresdesignscanfacilitate

examinationofhowactualchangesin24-hourmovement behavioursovertimeimpactonhealth

outcomes63andcontribute tothe understandingoftemporalordering. Longitudinaldata canalso

enableadvancedmethodssuchastarget trialemulationapproaches64toidentifywhich

behaviouralshiftscanofferthegreatest benefit.

Further, fewstudiesinthegeneralpopulation65 andnostudiesinthisreviewhave investigatedthe

24-hourmovementbehaviourcompositionastheoutcome. Inthiscontext, it ispossibletoexplore

howcompositionofbehaviourschangesinresponsetoastimulussuchasanintervention66or

changeinenvironment67. Peoplediagnosedwithcancertypicallydemonstrate inactiveactivity

profiles12andthereisa needtodevelopeffectiveinterventionstopromotePAinthispopulation68.

Inphysicalactivityrandomisedcontrolledtrials, evaluatingtheinterventioneffectonthesingular

outcomebehaviourisimportant fortheefficacyresult.However,examiningtheimpact ofthe

interventiononthe 24-hourmovement compositioncanprovidea meaningfulpictureofits

real-worldeffect,allowingforbetterunderstandingofhowtimeisredistributed,andhelpingto

avoidoversimplificationofinterventioneffects69,70.Forinstance, anobservedincreaseinMVPA

maybeapositiveinterventionoutcome, but ifthischangeprimarilyreflectsa reductioninLPA,

ratherthana reductioninSB, thenet healthbenefitmaybelimited.Givenhowdiseaseand

treatmentside-effectsmayinfluencebehaviourpatternsincomplex wayswhenpromoting

physicalactivityincancerpopulations, exploring24-hourmovement asanoutcomemayoffer

valuableinsightsasthe24-hourmovementparadigmcontinuestoevolve.
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Allstudiesincludedinthisreviewusedisotemporalsubstitutiontoexaminetheimpact of

hypotheticallyreallocatingtimeacrossdifferentmovement behaviours, withmost alsoincluding

singleandpartitionmodeleffects52-58.Thesingleandpartitioneffect modelsarevaluablein

isolatingandexplainingrelationships, whileisotemporalsubstitutionisa moreholisticapproach

operationalisingthe24-hourmovementparadigmbymodellingreal-worldshiftsinactivity

patterns.Forinstance,Boyleet al.’spartitionmodelreportedthat sleep, non-prolongedSBand

MVPAweresignificantlyassociatedwithlowerwaist circumferenceandlowerBMIinpeople

diagnosedwithbreast cancer55.However, theisotemporalsubstitutionmodelprovidesamore

nuancedunderstandingof wherethemostbeneficialchangescanbemade foreachoutcome55.

Furtheradvancement onthisapproachrecognisestherelativenatureofthetime-use components

andtherecent GRANADAstatementendorsesthe use ofcompositionaldata analysistoexamine

reallocationsbetweendifferentbehavioursonhealthoutcomes71 andtoexplorehowchangesin

behaviourscanhavedifferentialeffectsdependingonaperson’sstartinglevelofactivity62.

Reviewsofstudiesapplyinga compositionaldataapproachtoanalysisreportedanincrease

fromthreestudiesin201818 to103in202362.However,itsapplicationinclinicalpopulationsis

lacking62andthecurrentreviewonlyidentifiedonestudy58,highlightingasignificant gapfor

futureresearchinvestigating24-hourmovementwithinthisdiseasecontext.

Measurementofbehaviours

Self-report anddevice-basedmeasuresofferdifferent but complementaryinformationon

movement behaviours.Self-report measurescapture anindividual’sperceivedandcontextual

recallofactivitiesovera specifiedtimeperiodandcanbedisseminatedat lowcost andlower

participant burdenthandevices72.Thisdiffersfromdevice-basedmeasureswhichuse

predefinedthresholdsandalgorithmsappliedtothedata collectedtodefinemovement
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behaviourtypes73.Device-basedmeasurescancaptureunstructuredorincidentalactivity,and

particularlylight-intensityphysicalactivitywhichisoftenunder-reportedoromittedinself-report

measuresfocusedonstructuredactivities74,75. Thesedifferencesareevidentinthecurrent

review, whereTabaczynskietal.’sstudyusingself-report reportedlowerLPA(14minutesperday)

comparedtotheotherstudies(e.g., 318minutesperday56)andhigherMVPA.Theresultsofthe

currentreviewconvergewiththeconsistentfindinginthegeneralpopulationthat shiftingtime

fromotherbehavioursintoMVPAleadstohealthbenefits,regardlessofhowthemovement

behaviourismeasured62.

Device-basedmeasuresformedthemainsourceofevidenceforthisreviewandcapturedetailed

andcontinuousinformationon24-hourmovementbehaviors76,77.Thetype andpositioningofthe

devicevariedacrosstheincludedstudies.Whilewrist-worndevicescandemonstratehigher

compliancerates, thigh-worndevicescanoffermorespecificitywhendiscriminatingbetween

posturalbehaviourssuchassittingandstanding42,78. Monitoringovera7-dayperiod–themost

widelyusedprotocol instudiesofboththegeneralpopulationandpeoplediagnosedwithcancer

– isadvantageoustounderstanddifferent weekdayorweekendpatternsof24-hourmovement76.

Complianceisa keyconsiderationwhendecidingondevicetypeandpositioning42,76 and

reportingcompliancetowearprotocolsenablesresearcherstounderstandtheissuestheymight

encounter, particularlyinspecificpopulationssuchaspeoplediagnosedwithcancer.Where

reported, compliancewashighintheincludedstudies52-56,thoughonlyonestudyacknowledged

potentialwear-relateddifficultiesspecifictocancerpopulations54.However, nostudiesreported

theaveragenumberofvalidweardaysperparticipant,limitingtheabilitytoassesstheoverall

volumeofdatacontributingtothebehaviourdurationsacrossthemonitoringperiods.Thisisa
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recognisedissueinmethodologyreportingandshouldbeaddressedinfuturestudiesemploying

device-basedmeasures79.

Accelerometerreportingrecommendationshavehighlightedtheimportanceofcomprehensively

describinghowtimespent ineachbehaviourisinterpretedfromtheavailabledata76,80.Arecent

reviewreportedthat Freedsoncut-pointsarethemostfrequentlyusedcut-pointsinadultandolder

adult populations76.Similarly, threestudiesinthisreviewappliedthesecut-pointstotherawdata

toclassifymovementbehaviours54-56, reflectingtheirwidespreaduseincancerpopulations

too81. Whilethiscommonalitycanfacilitatebettercomparisonstobemadeacrossstudies,the

useofthesamethresholdsforPAandSB thatareestablishedinamuchyoungercohort (university

students73)maynot besuitablewhenappliedtoolderpeoplediagnosedwithcancer81,82.This

maylimit theaccuracyofactivityclassificationandconfidenceinthefindingsandshouldbe

acknowledgedasa limitationinstudieswithpeoplediagnosedwithcancer81. RelatingtoSB,only

twostudiespartitionedtimespent beingsedentaryintoprolongedandnon-prolongedsedentary

time55,56despitegrowingrecognitionthat thewayinwhichSBisaccumulatedcanimpact

outcomesdifferentially83.ThisrepresentsagapwhenmeasuringSBinfutureresearch,

particularlyinpeoplediagnosedwithcancerwhooftenspendlargeamountsoftimesedentary11

andexperienceside-effectssuchascancer-relatedfatigue84.

Lastly,accuratesleepmeasurement infree livingconditionsisconsistentlyhighlightedasan

issue85.Despitedifferencesinsleepmeasurement byself-report versusvariousdevice

algorithms, resultsofthisreviewsuggestthat reallocatingtimefromPAintosleepisassociated

withpooreroutcomes54-56,58 whilereallocatingfromSB intosleepwasassociatedwithlowerBMI

andimprovedhealth-relatedqualityoflife52,57.Thesetrendsareinthesamedirectionasthe

generalpopulationwhereMiatkeet al. reportedthat thereissomeevidenceforhealth
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improvementswhenreallocatingtimefromSBtosleep62. Future researchshouldaimtoimprove

ourunderstandingofsleepandrecognisethatfactorssuchassleepqualitymayhavedifferential

associationswithoutcomesthansleepdurationalone86-88.Furtherconsiderationsfor

device-basedmeasuresof24-hourmovement inpeoplediagnosedwithcancerareprovidedinthe

SupplementaryMaterials.

Optimisingthereallocationof24-hourmovementbehaviours

Despitethelimitationsof the studiesinthisreview,resultsareconsistent withstudiesinthe

generalpopulationdemonstratingthepotencyofreallocatingtimetoMVPAinimprovinga range

ofoutcomesandtheadverseimpact ofreallocatingtimeoutofthisintensityactivity62. In

Vallanceetal.’sstudy,themagnitudeanddirectionofmodelledeffectsonfatigue werebroadly

similaracrossreallocationsintoboutedMVPAfromsleep, SB, orLPAinpeoplediagnosedwith

non-HodgkinsLymphoma56. ThissuggeststhatMVPAisbeneficial irrespectiveofthebehaviour

isreplacesandtherefore, alignswithpreviousresearchdemonstratingthe positiveimpact of

MVPAwhenconsideredasanabsoluteexposure outsideofthe24-hourmovement paradigm89.

However, thisreviewoffersmorenuancedinsightsbyusingthe24-hourapproachtohighlight that

replacingSB withMVPAyieldsthemost beneficialeffects. Resultsdemonstratedthat converting

SBintoMVPAdemonstratedthemostconsistentimprovementswhenmodellingchangesin

behaviorsacrosscancertypes, agegroups, andhealthdomainsincludingphysical, cognitive, and

skeletalpatient-reportedoutcomes54-58.

Thestudiesinthisreview, alongwithpreviousresearch,demonstratethat sedentarytimeishighin

peoplediagnosedwithcancer90.Changingaccumulationpatternsmayalsoprovideanavenueto

experiencehealthbenefits.Boyleet al.highlightedthedetrimental impact ofincreasedprolonged

SBinparticularonwaist circumferenceandBMI55,whileVallanceet al.reportedthatreplacing
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bothnon-prolongedandprolongedSB withMVPAwasassociatedwithimprovedfatigue56. In

peoplewithprediabetesandtype2diabetes, reallocatingtimefromeitherprolonged(>60

minutes) ornon-prolongedsedentarytimeintoMVPAdemonstratedconsistent improvementsin

BMIandwaist circumference, whereasbreakingupSB(i.e., reallocatingprolongedinto

non-prolonged)showednosignificantbenefit91.Theseinconsistencieswithinandacrossclinical

populationshighlight theneedforfurtherinvestigationintohowtheinterruptionofsittingpatterns

maybenefit health, particularlyashealthguidelinesmovetowardbroaderbehavioural targets92.

Futureresearchshouldaimtoexploretheseassociationsfurtherfora moregranular

understandingofhowtooptimisemovement patterns, particularlyincancerpopulations

experiencingpersistentlyhighSB.

Commonside-effectsofcanceranditstreatment includecancer-relatedfatigue84, pain93and

deconditioning94whichcanlimit apatient’sabilitytoengageinhigherintensityPA.Patientsalso

report barrierssuchaslackof accesstophysicalactivityservices,lackofinformationfrom

healthcareprofessionalsandlackofmotivationtostart exercising22,95. Theresultsofthecurrent

reviewprovidesomesupportforbenefitsresultingfromconvertingtimespent sedentaryinto

otheractivitiesincludingLPA52,54,58andsleep 52,57.Thismaybeimportantforpeoplediagnosed

withcancertohavetheopportunitymakechangesthataremorefeasibletotheircurrent

treatmentstageandphysicalcapacity,ratherthanhigherintensityactivitieslikeMVPA33.

Device-basedstudiesof individualsintheUSdiagnosedwithcancerhavereportedthatmost of

theirphysicalactivityoccursat thelight-intensitylevel90,96.Whilethisreviewdemonstratesthe

additionalpositiveimpact ofthenreallocatingLPAintoMVPA, theproposedbenefitsof

reallocatingSB intoLPAhighlight howthisshift mayserveasa practicalandachievable starting

pointwithevidencedimprovementsinoutcomesforpeoplediagnosedwithcancer33. Cognition
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wastheonlyoutcomewherethisreallocationdidnot indicatethesamepositiveimpact54,

althoughthisrelationshipdirectionalignswithpreviousresearchandmaybedue tocontextual

activitiesofSBthat mayimprovecognitivehealth62,97, e.g., reading,computeruse,and

work-relatedsedentarytime98,99.

Threestudiesdiscussedtheclinicallymeaningfulresultsof changesin24-hourmovement

behaviourpatternsaswellasstatisticallysignificant results,offeringa morepractical

interpretationoffindings53,56,57.Forexample,Tabaczynskiestimatedtheminutesof reallocation

neededtoachieveclinicallymeaningfuldifferences, enhancingtheutilityoftheirfindingsina

real-worldcontext57. Thesemeaningful thresholdsareparticularlyimportantforclinical

populations,wherepatient-reportedoutcomesarecritical tounderstandthelivedexperience

beyondtraditionalclinicalmeasures.Futureresearchshouldaimtoexploreawiderrangeof

outcomesthatareprevalent inpeople diagnosedwithcancersuchasdepression100and

anxiety101, aswellasreplicatingobservedresultsinothersamples. Considerationoftheseclinical

thresholdswillbetter informpracticeandpolicyincancersurvivorship.

Nostudiesidentifiedinthisreviewexaminedclinicalendpointssuchassurvivalorrecurrence.

Evidenceforthepositiveimpactofpost-diagnosisPAoncancer-specificoutcomesis

accumulating, particularlyinlargercancerpopulationssuchasbreast 102andprostatecancer103.

Asthe24-hourparadigmcontinuestoevolveinpeoplediagnosedwithcancer,furtherexamining

whereoptimalchangescanbemaderepresentsakeyareaforfutureinvestigations.

Strengthsandlimitations

Thisreviewisdistinct fromprevioussimilarreviewsinitsrequirement that all threemovement

behaviours(PA, SBandsleep)areincludedintheanalyses, incorporatingdevice-basedand
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self-report measures. Toourknowledge,thisisthefirstreviewtocollatetheavailableevidenceon

studiesusingthe24-hourmovement paradigminpeoplediagnosedwithcancer,despite

increasingrecognitionofitsvaluewithinthispopulation34. Thiswillenablefutureresearchersto

havea resourcetoreferencewhenexaminingallmovement behavioursinthispopulationandto

identifyresearchgapssuchasexaminingtheassociationsbetween24-hourmovement

behavioursandcancer-relatedendpoints. Thisreviewwasinformedbybest practiceguidelines,

includingguidanceforscopingreviewsandthePRISMA-ScRChecklist,butwasnot withoutits

limitations35,39.Unlikepriorreviewsinthisarea (e.g., Montoyeet al.80),noclearrecommendations

couldbegivenbasedonthelimitedavailableevidence. OnlystudiespublishedintheEnglish

language wereincludedinthisreviewsothereisthe possibilityofotherstudiespublishedinother

languagesthat werenot identified.

Conclusion

Thecurrent reviewisthefirsttocollate existingliteraturethathasinvestigatedall three movement

behavioursthat comprisethe24-hourdayinpeoplediagnosedwithcancer. Thelimited

availabilityofstudieshighlightsaneedformorestudiestoapplythisparadigminpeople

diagnosedwithcancer.Theheterogeneityofoutcomesacrossstudieslimitstheabilitytodraw

strongconclusionsbutdemonstratestheneedforfutureresearchreplicatingandexpandingthis

work.Improvedmethodologicalrigourandappropriatemovement behaviourmeasurement

considerationswill improveourunderstandingof24-hourpatternsandprovidemore

generalisableinsightsacrossdiversecancerpopulations.Futureresearchcanbenefit from

applyinglongitudinaldesignstoinvestigatehowactualchangesinthe24-hourcompositionrelate

tohealthoutcomes. Asthe24-hourmovement approachcontinuestoprogresswiththe

development ofnewmovementguidelines,future studiesshouldaddressthese gapstoensure
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comprehensiveinclusionandconsiderationofpeoplediagnosedwithcancer.Improvingthe

understandingof24-hourmovement methodologiesandtheirappropriateapplicationinthis

populationwillbecritical inenablingresearcherstodevelopevidence-basedstrategiestosupport

long-termhealthandwell-beingforpeoplediagnosedwithcancer.
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TABLES

Table1.Characteristicsofstudiesincludedinthereview(N=7)

Study Country Cancertype Samplesizea Self-reportordevice-based Deviceused Covariates Outcomesexamined

Boyle etal.,201755 Australia Breast 256WC

238BMI

Self-reportedsleep

Device-basedPAandSB

Actigraph Age,socioeconomicstatus,comorbidity,

smokingstatus

BMI(self-report)

Waistcircumference

(self-report)

Vallanceetal.,201756 Australia Non-Hodgkins

Lymphoma

149 Self-reportedsleep

Device-basedPAandSB

Actigraph Age,sex,socioeconomicstatus,working

status

Fatigue(FS)104

Health-relatedqualityof life

(FACT-G)105

Ehlersetal.,201854 UnitedStates Breast 269Task-Switchstay

268Task-Switchswitch

269Trail MakingTask

Device-based Actigraph Age,monthsofadjuvanthormonal therapy,

receiptofchemotherapy,totaltimethe

accelerometerwasworn

Cognitivefunction

(Task-Switch task106,Trail

Makingtask107)

Tabaczynski etal.,202057 Canada Kidney 463 Self-report N/A Age,sex,educationlevel,marital status,

alcohol consumption,smokingstatus,BMI,

comorbidities,timesincediagnosisdrug

therapy,currenttreatmentstatus,current

Qualityoflife(FACT-G105,

FACT-F104,Trial Outcome

Index-Fatigue105)
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cancerstatus,recurrencestatus

Hiddeetal.,202253 UnitedStates Mixedcancersb 73 Device-based ActivPAL

Actiwatch

Age,cancertype,timesincediagnosis Qualityoflife(FACT-G105)

Hiddeetal.,202452 UnitedStates Mixedcancersb 73 Device-based ActivPAL

Actiwatch

Age,cancertype,timesincediagnosis BMI(self-reportorlaboratory

visit)

Marmol-Perezetal.,

202458

Spain Mixed

paediatric

cancersc

116d Device-based Actigraph Restofmovementbehaviours,timesince

treatmentcompletion,radiotherapy

exposure,region-specificleanmass.

Bone health(DXA scan)

aFinal Nincludedinanalysis.bBreast,colorectal, leukemia/lymphomaandother.cAcute lymphoblasticleukemia, lymphoma,central nervoussystem,renal tumor,neuroblastoma,malignantbonetumor,

histiocytosis,softtissueandotherextraosseoussarcomasretinoblastomahepatictumor,othermalignantepithelial neoplasms,andunknown.dSamplesizemaybeslightly variedforsomevariablesdueto

missingdataacrossthemodels.Abbreviations: WC=Waistcircumference;BMI: BodyMassIndex;PA=Physical Activity;SB=Sedentary behaviour;FS=FatigueScale104;FACT-G=Functional Assessmentof

Cancer-General105;FACT-F=Functional AssessmentofCancer-Fatigue104;DXA=Dual-energyX-rayAbsorptiometry.
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Table2.Summaryof includedstudyquality usingthe CriticalAppraisal SkillsProgrammechecklist49
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Boyle etal.,201755 Yes Yes Someconcerns Some concerns Yes Can’ttell Yes Someconcerns Yes No Yes Low

Vallanceetal.,201756Yes Yes No Some concerns Yes Can’ttell Yes Someconcerns Yes No Yes Low

Ehlersetal.,201854 Yes Yes No Yes Yes Can’ttell Yes Someconcerns Yes No Yes Low

Tabaczynski etal.,

202057

Yes Yes No No Yes Can’ttell Yes Someconcerns Yes No Yes Low

Hiddeetal.,202253 Yes Yes No Yes Yes Can’ttell Yes Someconcerns Yes No Yes Low

Hiddeetal.,202452 Yes Yes No Some concerns Yes Can’ttell Yes Someconcerns Yes No Yes Low

Marmol-Perezetal.,

202458

Yes Yes Someconcerns Yes Yes Can’ttell Yes Someconcerns Yes No Yes Moderate
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Table3.Measurement anddefinitionof lightphysicalactivity(LPA),moderate-to-vigorousphysical activity(MVPA),sedentarybehaviour(SB),andsleepacrossstudies(N=7)

Study Placement Definingphysicalactivity Definingsedentarybehaviour Definingsleep Dataprocessing

Boyle etal.,201755 Hip TimeinLPA: 100–1,951countsperminute(CPM)and

inMVPA:≥1952CPM.

Timespentsedentary:<100CPM.

Sedentarytimepartitionedintoprolongedbouts

ofsedentarytime(≥20minutes) and

non-prolongedsedentarytime.

PittsburghSleepQuestionnaire Index(PSQI)60.

Sleepdurationderivedfromthe question“During

thepast month,howmanyhoursof actual sleep

didyougetatnight(thismaybedifferent thanthe

numberof hoursyouspentinbed)?”.

Rawacceleration

data

Vallanceetal.,

201756

Hip TimeinLPA: 100–1,951countsperminute(CPM)and

inMVPA:≥1952CPM.

MVPA partitionedintoboutedMVPA(≥10minutes).

Timespentsedentary:<100CPM

Sedentarytimepartitionedintoprolongedbouts

ofsedentarytime(≥20minutes) and

non-prolongedsedentarytime.

PittsburghSleepQuestionnaire Index(PSQI)60.

Sleepdurationderivedfromthe question“During

thepast month,howmanyhoursof actual sleep

didyougetatnight(thismaybedifferent thanthe

numberof hoursyouspentinbed)?”.

Rawacceleration

data

Ehlersetal.,201854 Hipandwrist DatareducedintotimespentinLPA(100–1,951CPM)

andinMVPA(≥1952CPM).

Timespentsedentary:<100CPM. DatascoredusingtheSadehalgorithm:average

dailyminutesofsleep108.Datascoredusingthe

Sadehalgorithm:averagedailyminutesof

sleep108.

Actilifesoftware
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Tabaczynski etal.,

202057

N/A AmodifiedGodinLeisure Time-Questionnaire57,109.

Daily MVPAcalculatedbysummingminutesspentin

PAofmoderateintensityandtwotimesthetimespent

inPAof vigorousintensity.

Amodifiedversionof the Domain-Specificsitting

TimeQuestionnaire110.Fiveworkdaysandtwo

non-workdayswereaveragedtorepresenttotal

dailysittingtime inminutes,regardlessof

working.Amodifiedversionofthe

Domain-SpecificsittingTime Questionnaire110.

Fiveworkdaysandtwonon-workdayswere

averagedtorepresenttotal dailysittingtime in

minutes,regardlessofworking.

Sleepdurationwasmeasuredby asingle-item

measure fromthemodifiedDomain-Specific

SittingTime Questionnaire57.

N/A

Hiddeetal.,202253

Hiddeetal.,202452

Thighandwrist A“daytime”variable wascreatedbysubtracting

non-weartimeandtimespentinbedfrom24hours

MVPA definedas“steppingtime,inminutes,witha

cadence≥ 75andduration > 1min”and“cyclingtime”

LPAcalculatedbysubtractingMVPAandsedentary

time fromthisdaytimevariable.

Timespentsedentarywasderivedfromtime

spentsittingorlyingdown(excludingsleep).

Thestartofthesleepinterval wasidentifiedwhere

therewere10consecutiveminuteswithnoactivity

counts(sleeponset) andthesleepinterval

concludedafter10consecutiveminuteswithno

activity countswasdisruptedbyanotheractivity

(sleepoffset).

ActivPAL software
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Marmol-Perezetal.,

202458

Wrist TimespentinLPA,MVPAandSBwerecalculated

basedonmilligravityunits(mg):MVPA: 200mg,LPA:

35–200mg111.TimespentinLPA,MVPAandSBwere

calculatedbasedonmilligravityunits(mg): MVPA:

200mg,LPA:35–200mg111.

Timespentsedentarywasbasedonmilligravity

units(mg): SB: 35mg)111.Time spentsedentary

wasbasedonmilligravityunits(mg): SB: 35

mg)111.

Usingthezangleof the devicetodifferentiate

betweensleepingandwaking.

Rawacceleration

datawithGGIRinR
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Table4.Wearprotocolsfordevicesusedacrossstudies(N=6)

Study Lengthofmonitoring

period

Wearprotocol Numberofvaliddays

requiredforinclusion

Definitionofavalid

day

%valid Averagedailyweartimein

minutes, (SD)

Averagenumberofvaliddays

worn

Boyleetal.,201755 7days Actigraphonrighthiptomeasurephysical

activityandsedentarybehaviourduring

wakinghours.

1day >10hoursof

wakingweartime.

95% Waking=870.0(66) Notreported.

Vallanceetal.,201756 7days Actigraphonrighthiptomeasurephysical

activityandsedentarybehaviourduring

wakinghours.

1day >10hoursof

wakingweartime.

94% Waking=870.0(78) Notreported.

Ehlersetal.,201854 7days Actigraphonnon-dominanthipduring

wakinghours,switchtonon-dominant

wristatnight, returntohipuponwaking.

4days >10hoursof

wakingweartime.

97% Total=1322.8(44)

Waking=912.4(61)

Notreported

Hiddeetal.,202253

Hiddeetal.,202452

7days activPALonthighcontinuously for24

hours/day forphysical activity and

sedentarybehaviourmeasurement

Actiwatchonwristcontinuouslyforsleep

measurement.

4daysincluding1

weekendday

>20hoursof wear. 100% Notreported. Notreported.
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Marmol-Perezetal.,

202458

7days Actigraphonnon-dominantwrist,except

forwater-basedactivities.

1day 23hoursregistered

bydevicewith16

hourswaking.

Not

reported

Notreported. Reportedonly 1participantonly

hadjust1validday.Nofurther

informationreported.
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Table 5. Statistically significant results of isotemporal substitution models reallocating time between moderate-to-vigorous physical activity

(MVPA), lightphysicalactivity(LPA),sedentary behaviour(SB),andsleep(N=7)a

Timereallocation Changeinoutcomeofinterest Cancertype Study

ReallocatingtoMVPA

SleepintoMVPA Lowerwaistcircumference Breast Boyle etal.,201755

Lowerbodymassindex Breast Boyle etal.,201755

Fastertimesontask-switchswitchtrialsb Breast Ehlersetal.,201854

FastertimesontrailsAcompletionb Breast Ehlersetal.,201854

FastertimesontrailsBcompletionb Breast Ehlersetal.,201854

Improvedfatiguec Non-HodgkinsLymphoma Vallanceetal.,201756

Improved bone health at total body, total hip and

lumbarspine

Mixed(prepubertal) Marmol-Perezetal.,202458

SBintoMVPA Lowerwaistcircumferenced Breast Boyle etal.,201755

Lowerbodymassindexd Breast Boyle etal.,201755

Improvedfatigue Kidney Tabaczynski etal.,202057

Improvedfatiguece Non-HodgkinsLymphoma Vallanceetal.,201756

Fastertimesontask-switchstaytrialsb Breast Ehlersetal.,201854

Fastertimesontask-switchswitchtrialsb Breast Ehlersetal.,201854

Improved bone health at total body, total hip and

lumbarspine

Mixed(prepubertal) Marmol-Perezetal.,202458

LPA intoMVPA Improvedfatiguec Non-HodgkinsLymphoma Vallanceetal.,201756

Lowerwaistcircumference Breast Boyle etal.,201755

Fastertimesontask-switchstaytrialsb Breast Ehlersetal.,201854
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Fastertimesontask-switchswitchtrialsb Breast Ehlersetal.,201854

FastertimeonTrailsAcompletionb Breast Ehlersetal.,201854

FastertimeonTrailsBcompletionb Breast Ehlersetal.,201854

Improved bone health at total body, total hip and

lumbarspine

Mixed(prepubertal) Marmol-Perezetal.,202458

ReallocatingtoLPA

SleepintoLPA Improved bone health at total body, total hip, and

femoral neck

Mixed(peri/postpubertal) Marmol-Perezetal.,202458

Improvedbonehealthattotalbodyandfemoral neckMixed(prepubertal) Marmol-Perezetal.,202458

SBintoLPA Slower timeonTrailsAcompletionb Breast Ehlersetal.,201854

Slower timeonTrailsBcompletionb Breast Ehlersetal.,201854

Lowerbodymassindex Mixed Hiddeetal.,202452

Improved bone healthat total body, total hip, lumbar

spineandfemoral neck

Mixed(peri/postpubertal) Marmol-Perezetal.,202458

Improvedbonehealthattotalbodyandfemoral neckMixed(prepubertal) Marmol-Perezetal.,202458

MVPAintoLPA Worsenedfatiguec Non-HodgkinsLymphoma Vallanceetal.,201756

Higherwaistcircumference Breast Boyle etal.,201755

Slower timesontask-switchstay trialsb Breast Ehlersetal.,201854

Slower timesontask-switchswitchtrialsb Breast Ehlersetal.,201854

Slower timeonTrailsAcompletionb Breast Ehlersetal.,201854

Slower timeonTrailsBcompletionb Breast Ehlersetal.,201854

Worsened bone health at total body, total hip and

lumbarspine

Mixed(prepubertal) Marmol-Perezetal.,202458

ReallocatingtoSB
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SleepintoSB Higherbodymassindex Mixed Hiddeetal.,202452

Improvedbonehealthattotalhip Mixed(peri/postpubertal) Marmol-Perezetal.,202458

Worsenedhealth-relatedqualityof life Kidney Tabaczynski etal.,202057

ProlongedSBinto

non-prolongedSB

Lowerwaistcircumference Breast Boyle etal.,201755

Lowerbodymassindex Breast Boyle etal.,201755

LPA intoSB FastertimeonTrailsAcompletionb Breast Ehlersetal.,201854

FastertimeonTrailsBcompletionb Breast Ehlersetal.,201854

Higherbodymassindex Mixed Hiddeetal.,202452

Worsenedbonehealthattotal body,totalhip, lumbar

spineandfemoral neck

Mixed(peri/postpubertal) Marmol-Perezetal.,202458

Worsened bone health at total body and femoral

neck

Mixed(prepubertal) Marmol-Perezetal.,202458

MVPAintoSB Higherwaistcircumferenced Breast Boyle etal.,201755

Higherbodymassindexd Breast Boyle etal.,201755

Worsenedfatiguece Non-HodgkinsLymphoma Vallanceetal.,201756

Worsenedfatigue Kidney Tabaczynski etal.,202057

Slower timesontask-switchstay trialsb Breast Ehlersetal.,201854

Slower timesontask-switchswitchtrialsb Breast Ehlersetal.,201854

Worsened bone health at total body, total hip and

lumbarspine

Mixed(prepubertal) Marmol-Perezetal.,202458

Reallocatingtosleep

SBintosleep Lowerbodymassindex Mixed Hiddeetal.,202452

Improvedhealth-relatedqualityoflife Kidney Tabaczynski etal.,202057
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Worsenedbonehealthattotal hip Mixed(peri/postpubertal) Marmol-Perezetal.,202458

LPA intosleep Worsenedbonehealthattotal body,totalhip, lumbar

spineandfemoral neck

Mixed(peri/postpubertal) Marmol-Perezetal.,202458

Worsened bone health at total body and femoral

neck

Mixed(prepubertal) Marmol-Perezetal.,202458

MVPAintosleep Higherwaistcircumference Breast Boyle etal.,201755

Higherbodymassindex Breast Boyle etal.,201755

Slower timesontask-switchswitchtrialsb Breast Ehlersetal.,201854

Slower timeonTrailsAcompletionb Breast Ehlersetal.,201854

Slower timeonTrailsBcompletionb Breast Ehlersetal.,201854

Worsenedfatiguec Non-HodgkinsLymphoma Vallanceetal.,201756

Worsened bone health at total body, total hip and

lumbarspine

Mixed(prepubertal) Marmol-Perezetal.,202458

aAssociationsthatwere notstatisticallysignificantarenotpresented. Tabacynski etal.’sstudyonlyevaluatedtheeffectsofreallocatingtime

fromsedentary behaviourtootheractivities,anddidnotexamine substitutionsbetweenotherbehaviours(e.g.,MVPA→LPA,LPA→sleep)57.b

While reallocatingbehavioursimpactedonthespeedof completingcognitivetasks,noeffectwasfoundontheaccuracy ofsuchtasks.cEffects

observedonlyforboutedMVPA(10+minutes).dEffectsobservedonlyforprolongedSB(>20minsuninterrupted).eEffectsobservedfor both

prolonged(>20minsuninterrupted)andnon-prolongedSB.
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Table6.Statementof fundingsourcesreportedintheincludedstudies(N=7)

Boyle etal.,201755 Thisworkwassupportedby BreastCancerResearchCentre- WesternAustralia(GranttoT.Boyle,J.K.Vallance

andB.M.Lynch),CancerCouncil WesternAustralia(AwardtoT.Boyle);theAustralianNational Healthand

Medical ResearchCouncil(Fellowship#1072266toT.Boyle);theCanadianInstitutesof HealthResearch

(Fellowship#300068toT.Boyle);theMichael SmithFoundationforHealthResearch(Trainee Award#5553toT.

Boyle); KillamTrusts(Postdoctoral ResearchFellowshiptoT.Boyle);the CanadaResearchChairs(J.K.Vallance);

AlbertaInnovates–HealthSolutions(PopulationHealthInvestigatorAwardtoJ.K.Vallance);US NationalCancer

Institute(Grant#1R01CA198971toM.P.Buman); andthe AustralianNational BreastCancerFoundation

(FellowshiptoB.M.Lynch).

Vallanceetal.,

201756

Thisworkwassupportedby agrantfromCancerCouncilWesternAustraliaawardedtoTerryBoyle.

Ehlersetal.,201854 Dr.EhlersandthisprojectweresupportedbyanAmericanCancerSociety (ACS)Postdoctoral Fellowship

(PF-16-021-01-CPPB)attheUniversityofIllinoisatUrbana-Champaign.ACS wasnotinvolvedinthedesignof the

study;collection,analysis,andinterpretationof data;orwritingof the manuscript.

Tabaczynski etal.,

202057

KerryS KourneyaissupportedbytheCanadaResearchChairsProgram.

Hiddeetal.,202253 Thisworkwassupportedby the DepartmentofHealthandExerciseScienceatColoradoStateUniversity.

Hiddeetal.,202452 Nofundingstatement.

Marmol-Perezetal.,

202458

ThisstudyhasbeenpartiallysupportedbytheSpanishMinistry ofScienceandInnovation(ref.no.

PID2020-117302RA-I00financiadoporMCIN/AEI/10.13039/501100011033),LaCaixaFoundation(ref.no.

LCF/BQ/PR19/11700007),theUniversityof GranadaPlanPropiodeInvestigación2021-Excellenceactions: Unit

ofExcellenceonExercise,NutritionandHealth(UCEENS),andtheCIBEROBN,CentrodeInvestigaciónBiomédica

enRed(CB22/03/00058), InstitutodeSaludCarlosIII,MinisteriodeCienciaeInnovaciónandUniónEuropea–

EuropeanRegionalDevelopment Fund.AM-Pisrecipientofapredoctoral fellowship(FPU20/05530)bythe

SpanishMinistryofEducation,CultureandSport.EU-GissupportedbytheMariaZambranofellowshipby the

MinisteriodeUniversidadesylaUniónEuropea–NextGenerationEU.
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FIGURES

Figure1.PRISMAflowdiagramillustratingidentificationofsevenincludedstudies
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SupplementaryMaterials1

Preferred Reporting Items for Systematic reviews andMeta-Analyses extension for Scoping

Reviews(PRISMA-ScR)Checklist1

SECTION ITEM PRISMA-ScRCHECKLISTITEM REPORTEDONPAGE#

TITLE

Title 1 Identify thereportasascopingreview. 1

ABSTRACT

Structuredsummary 2

Provide a structured summary that includes (as applicable):

background, objectives, eligibility criteria, sources of evidence,

chartingmethods,results,andconclusionsthatrelate tothe review

questionsandobjectives.

1

INTRODUCTION

Rationale 3

Describe the rationale for the review in the context of what is

already known. Explain why the review questions/objectives lend

themselvestoascopingreviewapproach.

3-4

Objectives 4

Provide an explicit statement of the questions and objectives

being addressed with reference to their key elements (e.g.,

populationorparticipants,concepts,andcontext) orotherrelevant

key elements used to conceptualize the review questions and/or

objectives.

4

METHODS

Protocol andregistration 5

Indicate whether areview protocol exists; state if and where it can

be accessed (e.g., a Web address); and if available, provide

registrationinformation,includingtheregistrationnumber.

5

Eligibilitycriteria 6 Specify characteristics of the sources of evidence used as 6-7
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eligibility criteria(e.g.,yearsconsidered,language,andpublication

status),andprovide arationale.

Informationsources* 7

Describe all information sources in the search (e.g., databases

with dates of coverage and contact with authors to identify

additional sources),as well asthedate themostrecent searchwas

executed.

5

Search 8
Present the full electronic search strategy for at least 1 database,

includinganylimitsused,suchthatitcouldberepeated.
Supplementarymaterials

Selection of sources of

evidence†
9

State the processfor selecting sources of evidence (i.e.,screening

andeligibility)includedinthescopingreview.
6-7

Datachartingprocess‡ 10

Describe the methods of charting data from the included sources

of evidence (e.g., calibrated forms or forms that have been tested

by the team before their use, and whether data charting was done

independentlyorinduplicate)andanyprocessesforobtainingand

confirmingdatafrominvestigators.

7

Dataitems 11
List and define all variables for which data were sought and any

assumptionsandsimplificationsmade.

7&Supplementary

materials

Critical appraisalof individual

sourcesof evidence§
12

If done, provide a rationale for conducting a critical appraisal of

includedsources of evidence; describe the methods usedandhow

thisinformationwasusedinany datasynthesis(ifappropriate).

8

Synthesisofresults 13
Describe the methods of handling and summarizing the data that

were charted.
7-8

RESULTS

Selection of sources of

evidence
14

Give numbers of sources of evidence screened, assessed for

eligibility,and included inthereview,withreasons for exclusions at

eachstage, ideallyusingaflowdiagram.

8,Figure1

Characteristics of sources of15 For each source of evidence, present characteristics for which9,Table 1
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evidence datawerechartedandprovidethecitations.

Critical appraisal within

sourcesof evidence
16

If done, present data on critical appraisal of included sources of

evidence(seeitem12).
9

Results of individual sources

ofevidence
17

For each included source of evidence, present the relevant data

that were charted that relate to the review questions and

objectives.

8-9,Table1,Table 3,Table

4,Table 5

Synthesisofresults 18
Summarizeand/or present the charting resultsasthey relate tothe

reviewquestionsandobjectives.

8-9,Table1,Table 3,Table

4,Table 5

DISCUSSION

Summaryof evidence 19

Summarize the main results (including an overview of concepts,

themes, and types of evidence available), link to the review

questions and objectives, and consider the relevance to key

groups.

11-12

Limitations 20 Discussthelimitationsof thescopingreviewprocess. 20

Conclusions 21

Provide a general interpretation of the results with respect to the

review questions and objectives, as well as potential implications

and/ornextsteps.

20

FUNDING

Funding 22

Describe sources of funding for the included sources of evidence,

as well as sources of funding for the scoping review. Describe the

roleofthefundersof thescopingreview.

Table6

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews

andMeta-AnalysesextensionforScopingReviews.

* Where (see second footnote) are compiled from, such as bibliographic

databases,socialmedia platforms, andWebsites.
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†Amore inclusive/heterogeneoustermused toaccount forthedifferent typesof evidence ordata

sources(e.g., quantitative and/or qualitative research, expert opinion, andpolicydocuments)that

may be eligible in a scoping review as opposed to only studies. This is not to be confused with

(see first footnote).

‡TheframeworksbyArkseyand O’Malley(6)andLevacandcolleagues(7)andthe JBI guidance

(4,5)refertotheprocessof dataextractioninascopingreviewasdatacharting

§ The process of systematically examining research evidence to assess its validity, results, and

relevance before usingit toinforma decision. Thistermisused for items12and19insteadof "risk

of bias" (which is more applicable to systematic reviews of interventions) to include and

acknowledge the various sources of evidence that may be used in a scoping review (e.g.,

quantitativeand/orqualitative research,expert opinion, andpolicydocument).

References

￼

1. Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR):

Checklist and Explanation. . 2018/10/02 2018;169(7):467-473.

doi:10.7326/M18-0850
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SupplementaryMaterials2

SearchstrategiesforMedline,Embase,andCINAHL

Medlinesearchstrategy

OvidMEDLINE(R)ALL<1946toAugust6,2024>

1 sedentarybehavior/ 14408

2 ((sedentary adj2 (time or behavio*)) or ((sit or sitting) adj2 (time or behavio*)) or (screen

adj1time)orscreen-time).ti,ab. 19093

3 exercise/ 150317

4 ((physicaladj2(activit*orinactivit*orbehavio*orexercise))orsport).ti,ab. 230729

5 expsleep/ 103452

6 (sleep*oralertnessorwakefulness).ti,ab. 256483

7 (24-hourmovement behav*orintegratedbehav*).ti,ab. 1012

8 1or2 25743

9 3or4 312767

10 5or6 274706

11 8and9and10 2698

12 7or11 3591

13 cancersurvivor/ 10284

14 ((canceradj2surviv*)or(canceradj2patient*)).ti,ab. 363012
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15 LWBC.ti,ab. 29

16 "Peoplelivingwithandbeyondcancer".ti,ab. 105

17 13or14or15or16 364379

18 12and17 30

Embasesearchstrategy

Embase<1974to2024August 06>

1 sedentarytime/ orsedentarylifestyle/ orscreentime/ orsitting/ 55761

2 ((sedentary adj2 (time or behavio*)) or ((sit or sitting) adj2 (time or behavio*)) or (screen

adj1time)orscreen-time).ti,ab. 23184

3 expexercise/orexpphysicalactivity/ orexerciseintensity/ 933416

4 ((physicaladj2(activit*orinactivit*orbehavio*orexercise))orsport).ti,ab. 305804

5 expsleep/ 287828

6 (sleep*oralertnessorwakefulness).ti,ab. 385307

7 (24-hourmovement behav*orintegratedbehav*).ti,ab. 1222

8 1or2 64734

9 3or4 1024605

10 5or6 462760
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11 8and9and10 4689

12 7or11 5783

13 cancersurvivor/ 37080

14 ((canceradj2surviv*)or(canceradj2patient*)).ti,ab. 584288

15 LWBC.ti,ab. 46

16 "Peoplelivingwithandbeyondcancer".ti,ab. 155

17 13or14or15or16 591863

18 12and17 69

CINHALsearchstrategy

S1: MH life style, sedentary

S2: TI ( (sedentary N2 (time or behavio*)) or (sit* N2 (time or behavio*)) or (screen N1 time) or

screen-time) ) OR AB ( (sedentary N2 (time orbehavio*)) or (sit* N2 (time or behavio*)) or (screen

N1 time) or screen-time)

S3: MH physical activity OR MH exercise

S4: TI ( ((physicalN2(activit*orinactivit*or behavio* orexercise)) orsport) )OR AB (((physical N2

(activit* or inactivit* or behavio* or exercise)) or sport)

S5: MH sleep OR MH sleep duration

S6: TI ( ((sleep* or alertness or wakefulness)) ) OR AB ( ((sleep* or alertness or wakefulness))

S7: S1 OR S2

S8: S3 OR S4
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S9: S5 OR S6

S10: S7 AND S8 AND S9

S11: TI( (24-hourmovement behav*orintegrated behav*) )OR AB( (24-hourmovement behav*or

integrated behav*)

S12: S10 OR S11

S13: MH cancer survivors

S14: TI ( "people living with and beyond cancer" ) OR AB ( "people living with and beyond cancer"

S15: TI LWBC OR AB LWBC

S16: TI ( ((cancer n2 surviv*)) or(cancerN2 patient*)) ) ORAB (((cancern2 surviv*)) or(cancer N2

patient*))

S17: S13 OR S14 OR S15 OR S16

S18:S12ANDS17
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SupplementaryMaterials3

Columnheadingsinthedataextractionform

Supplementarytable1.Columnheadingsusedinthereviewdataextractionform

Study

information

Title

Authors

Journal, issue

Date(Year)

Studycountryoforigin

Studydesign

Briefdescriptionofstudysample.Note:Geographicallocation,age,gender,samplesize

Cancertype

Measures Howwaseachmovementbehaviourmeasured(self-report,device-based)

Self-reportinstrument(e.g.,GLTEQ)

Accelerometer makeandmodel

Accelerometer body placement

Minimumaccelerometerweartimecriteria(forinclusion)

Adherencetowearprotocol(%validdata)

Accelerometersprocessingapproach

Typeof movementbehavioursmeasured(e.g.,Physical activity,Sedentarybehaviour,sitting,sleep)

Movementbehavioursincludedinthe analysis
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Variablesexaminedinrelationto24hmovement(outcomeandmeasure/instrumentused)

Analytical

approach

24hmovement:Outcomeorexposure?

Covariates

Analysesconducted(e.g.,isotemporal substitution)

Independentassociationsexamined?

Results Resultsofindependenteffectsmodel (ifapplicable)

Resultsofpartitionmodels(if applicable)

Resultsofsubstitutionmodels(ifapplicable)

Summaryofresults

Additional

information

REVIEWER NOTES: PLEASE ADD ANY RELEVANT INFORMATION REGARDING THIS STUDY. PARTICULARLY

REGARDINGITSSUITABILITYFORINCLUSION
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SupplementaryMaterials4

CriticalAppraisalSkillsProgrammeChecklist

CASPChecklist:

ForDescriptive/Cross-SectionalStudies

ReviewerName:

PaperTitle:

Author:

WebLink:

AppraisalDate:
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During critical appraisal, never make assumptions about what the researchers have done. If it is

not possible to tell, use the “Can’t tell” response box. If you can’t tell, at best it means the

researchershave not beenexplicit ortransparent, but at worst it could meanthe researchershave

not undertakena particulartask or process. Once you’ve finishedthe critical appraisal, if there are

a large number of“Can’t tell” responses, considerwhetherthe findingsofthe studyare trustworthy

andinterpret theresultswithcaution.

SectionA:Aretheresultsvalid?

1. Didthestudyaddressaclearlyfocusedissue? YesNoCan’tTell




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



2. Didtheauthorsuseanappropriate method

toanswertheirquestion?

YesNoCan’tTell





3. Werethesubjectsrecruitedinanacceptableway? YesNoCan’tTell




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4. Were the measures accurately measured to reduce

bias?

YesNoCan’tTell





5. Were the data collected in a way that addressed the

researchissue?

YesNoCan’tTell











24-hourmovementinpeoplediagnosedwithcancer

61

6. Did the study have enough participants to minimise the

play ofchance?

YesNoCan’t Tell





7. How are the results presented and what is the main

result?

YesNoCan’tTell







8. Wasthe dataanalysissufficiently rigorous? YesNoCan’tTell
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



9. Isthere aclearstatementof findings? YesNoCan’tTell









10. Cantheresultsbe appliedtothelocal population? YesNoCan’tTell





11. Howvaluableistheresearch? YesNoCan’t Tell
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





APPRAISALSUMMARY:

Positive/Methodologicallysound Negative/Relativelypoormethodology Unknowns
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Referencingrecommendation:

CASP recommends usingthe Harvard style referencing, whichis anauthor/date method.Sources

are cited within the body of your assignment by giving the name of the author(s) followed by the

date of publication. All other details about the publication are given in the list of references or

bibliographyat the end.

Example:

CreativeCommons

©CASP thisworkislicensedundertheCreativeCommonsAttribution–Non-Commercial- ShareA

like.Toviewa copyofthislicence, visit https://creativecommons.org/licenses/by-nc-sa/4.0/
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Need further training on evidence-based decision making? Our online training courses are

helpfulforhealthcare educationalresearchersandanyotherlearnerswho:

 Need to criticallyappraise andstay abreast of the healthcareresearchliterature aspart of

theirclinicalduties.

 Areconsideringcarryingout research&developingtheirownresearchprojects.

 Makedecisionsintheirrole,whetherthatbepolicymakingorpatient facing.

BenefitsofCASPTraining:

 Affordable–coursesstartfromaslittleas£6

 Professionaltraining– leadingexpertsincriticalappraisal training

 Self-directedstudy–completeeachcourseinyourowntime

 12monthsaccess–revisit areasyouaren’t sureofandrevise

 CPDcertification-aftereachcompletedmodule
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ScantheQRcode beloworvisit https://casp-uk.net/critical-appraisal-online-training-courses/ for

moreinformationandtostart learningmore.
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SupplementaryMaterials5

Considerations when using devices to measure 24-hour movement behaviours in people

diagnosedwithcancer

SupplementaryTable2.Summaryof measurementconsiderationsinstudiesusingdevice-basedmeasuresofbehavioursa

Consideration Findingsfromthisreview

Deviceplacement Hip-worn devices were most commonly used1-3. These are constrained by limitations in detecting

lower body posture and distinguishing time spent in SB versus standing4. Hip-worn devices are not

typicallywornatnightsoneedtobe supplementedby self-reportedsleep2,3orawrist-worndevice1.

Wrist-worn devices enable continuous wear but were used only for measuring sleep in three

studies1,5,6. butsharelimitationsindetectinglowerbody postureanddistinguishingtime spentinSB

versusstanding4.

Thigh-worn devices canoffer morespecificity whendiscriminating between postural behaviours such

as sitting and standing7 and were used one study only for waking behaviours5,6 and one study for all

behaviours8.

Researchers must considerthe bestsuited measure for theirresearchquestionandthe significance of

variousmovementbehaviourstotheiroutcome4.The implementationof commercial-grade wearables

in future research could also overcome limitations such as seasonal variation in 7-day monitoring

periods9andenablelongermonitoringperiodswithhighercompliance10.

Wearprotocols All studiesinpeoplediagnosedwithcanceruseda7-day wearprotocol1-3,5,6,8.

Compliance Despite differences in positioning, compliance was high - over 90% in the five studies that gave

compliance information1-3,5,6. This was despite the requirement for four valid days (≥95%

compliance1,5,6)andstudiesrequiringonevalidday(≥94%compliance2,3).

In people diagnosed with cancer, treatment side-effects such as skin sensitivity and lymphedema

(swelling) may impactdevice wear11,12.Minorskinirritationattributable to device wearis acommonly

reportedindevice-basedstudies whichmay impact theiruptake in this population7.Onlyone studyin

this review acknowledged specific difficulties faced by cancer side-effects and advised women
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diagnosedwithlymphedemaorexperiencingdiscomfortontheirnon-dominantside towearthe device

on their dominant wrist while sleeping1. In this study,14/300 (5%) did not wear the accelerometer at

nighttimeduetolymphedema,swelling,ordiscomfort1.

Averageweartime Although studies reported compliance with the minimum validity day criteria, there was limited

information on the average wear time of devices. Three studies provided information on average

daily-wear time1-3, but no studies gave information of the average wear time across the monitoring

period to give an estimate of adherence to the 7-day protocols. This limits the ability to assess the

overall volume of data contributing to the behaviour durations across the monitoring periods and

representsakeygaptobe addressedinreportingondevice-basedmeasurement.

Datareductionmethods Summarisingbehaviours

Four studies in this review used cutpoints to summarise the data into behaviours1-3,8. Three applied

Freedson cut-points13 to the raw data to classify movement behaviours1-3 and one used GGIR

methods8.

The use of the same thresholds for waking behaviours that are established in a much younger cohort

(university students13) may not be suitable when applied to older people diagnosed with cancer14,15.

Reduced functional capacity may alter the perceived relative effort of activities, affecting

classificationaccuracy.Thisshouldbe acknowledgedasalimitationinstudieswithpeoplediagnosed

withcancer15.

Epochlength

Only two studies stated the epochlength2,3. Shorter epochs may be more suitable for detecting brief

periods of activity and transitions between different intensities of activity while longer epochs may

average outactivitiesofdifferentintensitiesandgiveabroaderperspectiveonPAandSBtrends16.The

mostsuitable epochlengthremainstobe established for 24-hour movement inpeoplediagnosedwith

cancer.

Reportingonmethodology There is a need for more transparency in reporting of dataprocessing methods. This echoes previous

reviews in the general population and cancer populations that call for reporting of all

processing-relatedparadatatoenablereplicability andcomparabilityinfutureresearch4,14,15.
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