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ABSTRACT

Background: The 24-hour movement (physical activity — sedentarybehavior — sleep) paradigm
can promote anability-focused approachto changing movement behavioursinpeople diagnosed
withcancer. Thisscoping review aimedto explore howthe 24-hour movement paradigm has been
appliedinpeoplediagnosed with cancer,examining behaviour measurement methods and

associations between 24-hour movement behaviours and health variables.

Methods: Asystematic searchwasconducted onthe 8t August 2024. Medline, Embase, and
CINAHL were searched. There werefive steps: identifying the research question; identifying
studies; study selection; charting the data; collating, summarising and reporting results. Study
design, sample demographics, movement behaviourmeasurement, analytical approach,and
study outcomes were extracted. Thereview was conducted accordingtothe PRISMA-Scr

framework.

Results: Of 88 recordsidentified, seven studiesmetinclusioncriteria. All studies were
cross-sectional with movement behavioursasthe exposures. One study was conductedin
children. Four studiesused device-based measures for all behaviours,two used device-based
measuresof daytime behaviours with self-reported sleep,and one studyused self-report forall
behaviours. All studies usedisotemporal substitutionmodelling. One study applieda
compositional data approach. Outcomes included anthropometrics, quality of life, cognitive
function,and bone health. Reallocating time into moderate-to-vigorous physical activity was

associated withthemost consistenthealth benefits.

Conclusions: Limited studieshave applied the 24-hourmovement paradigminthis population.

Most used devicesformeasurement. While current evidenceis constrained by cross-sectional
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designs and limited generalisability, results support the positiveimpact of reallocating time from

otherbehavioursinto physical activity.

INTRODUCTION

Cancer is a major contributor to the global disease burden'. Earlier detection and improved
treatments and survival rates mean a large population of people are living with and beyond
cancer?. A substantial body of trial evidence demonstrates multiple benefits for physical activity
(PA) after a cancer diagnosis®®. This includes evidence forimproved patient-oriented endpoints
such asimproved fatigue and quality of life®2 as well as health-related endpoints including cancer
survival®19, Accordingly, the American College of Sports Medicine recommends that people
diagnosed with cancerengagein 150-300 minutes per week of moderateintensity PAor75to150

minutes per week of vigorous intensity PAtoimprove outcomes after diagnosis?.

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 cancer’.
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 intervention'? and adherence is as low as 7.5% in people
diagnosed with colorectal cancer’3. Accelerometer-derived MVPA across the included studies
was low, ranging from 7 minutes to 22 minutes of MVPA perday'2. A 2023 study using a 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%)'4. Similar prevalence

estimates have also been documented inthe United Kingdom?1>.
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There is substantial evidence indicating that engaging in PA of moderate-to-vigorous intensity
has the greatest benefit to health'®'8, 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 cancer'®20, Reqular participation in structured leisure-time PA can be unappealing due to
many reasons. This includes somebarriers that are commonly identifiedinthe general population
such as logistical demands, low mood, low self-efficacy, and preference for other activities?142.
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 2223, 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 (VILPA?*) and behaviours that constitute much

larger proportions of the 24-hour day suchasLPAand SB”.

The 24-hour movement paradigm acknowledgesthat each day is made up of time spent across
sleep, SB, and PA of different intensities2°2%, recognising that these behaviours are
interdependent and any increase in time spent in one must result in a reduction intime spent in
another?’. Rather than focusing on a single behaviour in isolation, increasing evidence suggests
that the overall composition of the day is critical for health outcomes?82°. 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 pressure®931. This
reflects the increasing recognition that improving all behaviours simultaneously and achieving an
overall healthier movement composition can have a synergistic effect on health?32, This has
contributed to the publication of new 24-hour activity guidelines for the general population in

countries such asCanada?>.
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Despite uptake in general populationresearch, the 24-hour movement approach has 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 underexplored?3. 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
diagnosisZ3. Emphasising the benefits of small changesacross other movement behaviours such
as LPA and standing time, and breaking up SB may seem more achievable to people withreduced

physical capacity and/or are experiencing fatigue resulting fromtheirdiagnosis and treatment34.

The aim of this scoping review is to synthesise and describe the available evidence on how the
24-hour movement paradigm has been applied in people diagnosed with cancer. 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
associations betweentheseintegrated 24-hourmovementbehaviours and other health variables

in people diagnosed withcancer.

METHOD

The protocol for this scoping review was developed using Lely et al.'s template for scoping
reviews3°. 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
framework3638, See Supplementary Materials for a completed PRISMA-Scr Checklist3®.

Conducting the review included five steps; 1) identifying the research question; 2) identifying

S
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relevant studies; 3) study selection; 4) charting the data; and 5) collating, summarising, and

reportingtheresults.

Identifying the research question

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,identify knowledge gaps, andinform futureresearch*941.

Identifyingrelevant studies

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
pilotedto ensurea comprehensive search andthat relevant known studies wereidentified. Search
strategies of previous literature reviews about the measurement of movement behaviours were

collated and refined to alignwiththeresearch question*243.

The databases Medline, Embase and Cumulative Index of Nursing and Allied Health Literature
(CINAHL) were searched on 8t August 2024. The search strategy was modified from the
registered protocol - the requirement of terms for device-based measures was removed 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

into Microsoft Excel#.

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.,

EBSCOOpen Dissertations*).

Study selection

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

wherethe sameinclusioncriteria were applied (stage 2).

Inclusioncriteria

Person

Included studies must have involved humans who had received a clinical diagnosis of 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

characteristics wereimposed.

Concept
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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 spentin one behavioural necessarily displaces time spent in another) 6. Convertingdatainto
compositional data (usually achieved using isometric log ratios'®4/) enables researchers to
perform modelling such as isotemporal substitution within the constraints of a 24-hour day. For
example, researchers can examine the proportion of time spent in SB relative to the total 24-hour
day. This overcomes the limitations of traditional models, which cannot adjust for all remaining
movement behaviours due to multicollinearity?/. However, using compositional data analysis
withthis population was very limited, so the search strategy 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
activity or behaviour with another of equal duration while keeping the overall time constant?8. For
example, researchers can model the impact of reallocating 30 minutes from MVPA intoSBon a

marker of health.

Context

Studiesconductedin anysettingwereeligible forinclusion.

Exclusion criteria

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., athesis and published articles), only the

peer-reviewed publications wereincluded.
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Chartingthe data

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
extraction form. The headings indicated: basic study information; the study design; description of
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; summary of the key study findings. The full list of data extraction form headings
is provided in Supplementary Materials. Where information was missing or unclear,
corresponding authors were contacted for clarification via email. Any disagreements were

resolvedthroughdiscussionbetween the tworeviewers.

Collating, summarising and reporting theresults

One researcher (SS) collated, summarised, and reported the results. A descriptive study summary
table was created to outline key study details and provide a comprehensive map of the existing

evidence.

Data analysis

Measurement of behaviours

Information on how behaviours were measured was extracted and presented in atable to allowfor

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), and any software oralgorithms used for data processing and reduction. Wear protocols for
devices werealsoreviewed including monitoring period, criteriafor avalid day (i.e.,minimumwear
time requirements) and the number of valid days needed forinclusioninthe analysis. Additionally,
information on wear-time compliance was explored and presented. For self-report measures, the

specific questionnaires used in studieswere presented.

Associationwith24-hourmovement

Study outcomes were extracted to identify key variables examined in relation to 24-hour
movement behaviours in this population and the position of 24-hour movement as an exposure or
outcome in the analysis. Specific outcome measures and their assessment methods (e.qg.,

self-report) were presentedinthe descriptive study summarytable.

Quality appraisal

The methodological quality of included studies was critically appraised using the Critical
Appraisal Skills Programme (CASP) checklist for cross-sectional studies*. 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

presentedinthe SupplementaryMaterials.

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

over two protocol papers during screening°%:>1. After agreement that these studiesmayincludean

10
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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 peerreviewed publications retained>2°3. These studies used the same

sample to examine different outcomes®2°3, meaning seven studies using six distinct samples

wereincludedinthereview.

Study characteristics

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

conducted in the United States°2°4, two in Australia®>°°, one in Canada®’, and one in Spain8.
Three studies investigated multiple cancer types®2°3.58, two investigated breast cancer®4°°, one
Non-Hodgkin's Lymmphoma©, and onekidneycancer®’. Sample sizes ranged from 73525310 463>/,
Six studies were conducted inadults®?>/ and onewas conducted in children and adolescents (<18
years old)*®. Movement behaviours were the exposures in all studies. Four studies used
device-based measures for all behaviours®2°4°8, two used device-based measures of daytime
behaviours with self-reported sleep>>°°, and one study used self-report for all behaviours®’. 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 cancer°8. Most also reported single models
(only examining one movement behaviour without taking others into account)°2>/ and partition

models (examiningone movement behaviour while holding the otherbehaviours constant)>3->/.

Quality appraisal

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

aslow quality>2>7 and one was moderate quality°8. Briefly, studies demonstrated strengths such

11
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as the use of device-based measures®2°6.58, validated outcome tools®3°6-8 and appropriate
analytical approaches°%38. 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 comorbidities®2°4°8 and socioeconomic position°2°3.58, The generalisability
of studies was limited due to small sample sizes, evidence of selection biases, and samples
comprising better functioning, health-conscious participants®%°8. Despite methodological
limitations, studies were rated as valuable due totheir exploratory nature and highlighting of areas

forfutureresearch.

12
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Measurement of behaviours

Table 3 presents how movementbehaviours were measured and defined across studies.

Device-based measures

SB and PA of different intensities were measured using devicesin six studies®2°0:°8_Sleep was

measured using devices infour studies®2°4:8,

Wear protocols

Table4 presentsthewearprotocols forthe devices used acrossstudies. Onlyone studyincluded
cancer-specific wearinstructionsadvising women diagnosed withlymphedema orexperiencing

discomfort on their non-dominant sideto wear the device on theirdominantwrist while sleeping.

Self-report measures

One study used self-reported measures of SBand PA of different intensities®’. Three studiesused

self-report measures forsleep>>>.

Outcomes examined

Outcomes across studies and their measures are presented in Table 1. Three studies examined
movement behaviours in relation to quality of life*3°6.57, Specifically, Vallance et al. examined
health-related quality of life and fatigue in people diagnosed with Non-Hodgkins Lymphoma®®°.
Body mass index (BMI) was explored as an outcome intwo studies®%°> . Cognitive function was
explored as an outcome in one study>*. Waist circumference was explored in another study®>.

Bone health was explored as anoutcomein childrendiagnosed with cancer®s.

Analyses conducted

Statistical significance

13
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Results of the isotemporal substitution models from seven studies are presented in Table 5. Five
studies converted time spent in behaviours into 30-minute units for reallocation models>2°¢. One
study used 10-minute units and only examined the replacement of sedentary behaviour with other
behaviours®’. Only the study with children diagnosed with cancer explicitly accounted for the

compositional nature of the 24-hour day and used isometric log ratios to investigate the impact of
reallocating time across behaviours with bone health®8. The hypothetical reallocation of 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

thatisnotinabeneficial directionto participants (e.g., worsenedfatigue).

Clinical significance

Three studies reported on clinical significance®3°657, Vallance et al. reported clinically important
differences for fatigue when 30 minutes of MVPA replaced 30 minutes of sleep, SB and LPA>®.
Replacing 30 minutes of sleep, prolonged sedentary time, non-bouted sedentary time, or LPA with
bouted MVPA achieved the threshold for determining a clinically important difference in
health-related quality of life, althoughthis was not statistically signficant°°-°°. Hidde et al. reported
a clinically meaningful decrease in quality of life when reallocating time from MVPA to sleep,
sedentary time, or LPA>3. In people diagnosed with kidney cancer, Tabaczynski et al. estimated
the threshold at which substituting behaviours can produce clinically meaningful changes in
quality of life>’. They reported that 83, 200, and 65 minutes of MVPA, sleep and LPA respectively

were needed toreplace SBto achievea clinically meaningful improvement®”.

DISCUSSION

14
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303 Thisisthefirstreview of studies that have examined integrated physical activity, sedentary

304 behaviourandsleep (24-hourmovement)inpeople diagnosed withcancer. All studiesinthis

305 reviewwere cross-sectional with24-hourmovement behaviours asthe exposures. Six out of

306 sevenemployeddevice-based measurestoassess PAand SB°2°658 While fourstudiesuseda
307 device-based measure of sleep®2°458 two studies supplemented their device-based PAand SB
308 witha self-reported measure of sleep (single sleep duration item fromthe PSQI®%) and used this to

309 estimatethetotal timevariable®>°°. One study used self-report forassessing all behaviours®’.

310 Despitedifferencesin measuresacrossstudies,isotemporal substitutional modelling

311 consistentlyindicatedthe positiveimpactof hypothetically reallocating time fromother
312 behavioursinto PA, particularly PA of moderate-to-vigorousintensity. Improvements were
313 reportedacrossarangeof outcomes including lowerwaist circumference,lower BMI, faster
314 cognitive processing,improved fatigue and improved bone health°2°4°8 Resultsmostly

315 supportedthedeleteriousimpact of reallocating time from otherbehavioursinto SB>2°4.56-58,

316 Fewstudieswereidentified, andthe overall methodological quality of studieswaslow. This limits
317 thestrengthofthe current evidence buthighlightskeypriorities for future research. Addressing
318 residual confounding,achieving morerepresentative sampling,and reducing measurement bias
319 willbecriticaltofurther understandthe observed associationsinpeople diagnosed withcancer.
320 Despitetheselimitations,the studies offerexploratoryinsights and are useful in mappingthe

321  24-hourmovementparadigmin people diagnosed with cancer.

322 Studydesign

323 Allstudies were cross-sectionalinnature, consistent withresearch inthe general population

324 wherestudiesapplying the 24-hourmovement paradigmtolongitudinal dataarelacking2°.61.62,

15
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Similartothefindingsof areview of 103 timereallocation studies, interpretingtheresultsinthe
currentreviewis limited bythereliance ontheoretically modelling reallocations of time using
cross-sectional data®2. Employinglongitudinal orrepeated measures designs can facilitate
examination of how actual changes in 24-hour movement behaviours overtimeimpactonhealth
outcomes®3 and contribute to the understanding of temporal ordering. Longitudinal data can also
enable advanced methods such astarget trial emulation approaches®4toidentifywhich

behavioural shifts can offerthe greatest benefit.

Further, few studiesinthe general population®® and no studies in thisreview have investigated the
24-hour movementbehaviour compositionas the outcome. Inthis context, it is possible to explore
how composition of behaviours changes inresponseto astimulus suchas anintervention®or
changeinenvironment®’. People diagnosed withcancertypically demonstrate inactive activity
profiles'2and thereisa needto develop effectiveinterventions to promote PAinthis population®s.
Inphysical activityrandomised controlledtrials, evaluating the interventioneffectonthe singular
outcomebehaviourisimportant forthe efficacy result. However,examining theimpact of the
intervention onthe 24-hour movement composition can provide a meaningful picture of its
real-world effect, allowing for better understanding of howtimeisredistributed,and helpingto
avoid oversimplification of intervention effects®®/0. Forinstance, anobservedincreasein MVPA
may be apositiveinterventionoutcome, but if thischange primarilyreflectsareductionin LPA,
ratherthanareductionin SB, the net health benefitmay be limited. Givenhow diseaseand
treatment side-effects may influence behaviour patternsin complex ways when promoting
physical activity in cancer populations, exploring 24-hour movement as anoutcome may offer

valuableinsightsasthe 24-hour movementparadigm continuestoevolve.

16
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All studies includedinthis review used isotemporal substitutionto examine theimpact of
hypothetically reallocating time across differentmovement behaviours, with most alsoincluding
singleand partitionmodel effects>2-8, The single and partition effect models arevaluablein
isolating and explaining relationships, whileisotemporal substitutionisa more holisticapproach
operationalising the 24-hourmovement paradigm by modelling real-world shiftsinactivity
patterns. Forinstance,Boyleet al.’s partition modelreported that sleep, non-prolonged SBand
MVPA were significantly associated with lower waist circumference and lower BMIinpeople
diagnosed with breast cancer®>. However, theisotemporal substitutionmodel provides amore
nuanced understanding of wherethe mostbeneficial changes can be made foreachoutcome®>.
Further advancement on this approach recognisestherelative nature of thetime-use components
andtherecent GRANADA statementendorses the use of compositional data analysisto examine
reallocations betweendifferentbehavioursonhealthoutcomes’! andto explore how changesin
behaviourscanhavedifferential effects depending on aperson’sstarting level of activity®2.
Reviews of studies applyinga compositional dataapproachtoanalysisreportedanincrease
fromthree studiesin20188t0 103in2023%2. However,itsapplicationin clinical populationsis
lacking®?andthe currentreview onlyidentified one study®8, highlighting a significant gap for

futureresearchinvestigating 24-hour movementwithin thisdisease context.

Measurement of behaviours

Self-report and device-based measuresoffer different but complementaryinformationon
movement behaviours. Self-report measures capture anindividual's perceived and contextual
recall of activitiesovera specifiedtime period and can be disseminated atlow cost and lower
participant burdenthan devices’2. This differsfrom device-based measures whichuse

predefinedthresholdsand algorithms applied tothe data collected to define movement

17
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behaviourtypes’3. Device-based measures can capture unstructured orincidental activity,and
particularly light-intensity physical activitywhichis oftenunder-reported oromitted in self-report
measuresfocused on structured activities’47>, Thesedifferences are evidentinthe current
review, where Tabaczynski etal.’s study using self-report reported lower LPA (14 minutesper day)
comparedtotheother studies(e.g., 318 minutesper day°®) and higher MVPA. Theresults of the
currentreview converge withthe consistentfindinginthe general populationthat shiftingtime
fromother behavioursinto MVPA leads to health benefits, regardless of howthe movement

behaviourismeasured®?.

Device-based measures formedthe main source of evidenceforthis review and capturedetailed
and continuousinformationon24-hourmovementbehaviors’é/7. Thetype and positioning of the
devicevaried acrosstheincluded studies. While wrist-worn devices can demonstrate higher
compliancerates, thigh-worndevices canoffermore specificity when discriminating between
postural behaviours suchas sittingand standing#%78. Monitoring overa7-dayperiod —themost
widelyused protocol instudies of boththe general populationand people diagnosed withcancer
—isadvantageous to understand different weekday or weekend patterns of 24-hourmovement’®.
Complianceisakey consideration when deciding on devicetype and positioning*%/6 and
reporting compliancetowearprotocolsenablesresearcherstounderstandtheissues they might
encounter, particularly in specific populations suchas people diagnosed with cancer. Where
reported, compliance washighin theincluded studies®2°°,thoughonlyone study acknowledged
potential wear-related difficulties specificto cancerpopulations°*. However, no studiesreported
theaverage numberofvalid wear days perparticipant, limiting the abilityto assess the overall

volume of datacontributingtothe behaviour durations acrossthe monitoring periods. Thisis a
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recognisedissueinmethodology reporting and should be addressed infuture studies employing

device-based measures’®.

Accelerometer reportingrecommendations have highlighted theimportance of comprehensively
describinghowtime spentin each behaviourisinterpreted fromthe available data’®80, Arecent
review reported that Freedson cut-pointsarethe mostfrequently used cut-pointsinadultand older
adult populations’®. Similarly, three studiesin this review applied these cut-points totheraw data
to classify movementbehaviours>#°9, reflecting their widespread usein cancer populations
too®!. Whilethiscommonalitycanfacilitate better comparisons to be made across studies, the
use of the samethresholds for PA and SB that are established in amuch youngercohort (university
students’3) may not be suitable when applied to olderpeople diagnosed with cancer882, This
may limit the accuracy of activity classification and confidencein the findings andshould be
acknowledged as a limitationin studies with people diagnosed withcancer®!. RelatingtoSB,only
two studies partitioned time spent being sedentary into prolonged and non-prolonged sedentary
time>°>°0 despite growing recognition that the way in which SBis accumulated canimpact
outcomes differentially®3. This represents agap when measuring SBin futureresearch,
particularly in people diagnosed with cancer who often spendlarge amounts of time sedentary '

and experience side-effects suchas cancer-related fatigue®2.

Lastly,accurate sleep measurementinfree living conditionsis consistently highlightedas an
issue®. Despite differencesinsleep measurement by self-report versusvarious device
algorithms, results of thisreview suggestthat reallocating timefromPAinto sleepis associated
with pooreroutcomes®#+°6.58 while reallocating from SB into sleep was associated with lower BMI
and improved health-related quality of life®2°7. Thesetrends arein the samedirectionas the

general populationwhere Miatke et al. reported that thereis some evidenceforhealth
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improvements when reallocating time fromSBto sleep®2. Future research should aimtoimprove
ourunderstanding of sleep and recognisethatfactors such as sleep quality may havedifferential
associations withoutcomes thansleep duration alone®6-88, Further considerations for
device-based measures of 24-hour movement in people diagnosed with cancer are providedin the

Supplementary Materials.

Optimisingthe reallocationof 24-hour movementbehaviours

Despitethe limitations of the studiesin this review, results are consistent with studiesinthe
general populationdemonstrating the potencyof reallocatingtimeto MVPAinimprovingarange
of outcomesandthe adverseimpact of reallocating time out of this intensity activity®2. In
Vallanceetal. s study,the magnitude and direction of modelled effects on fatigue were broadly
similaracrossreallocationsintobouted MVPAfrom sleep, SB, or LPA inpeople diagnosed with
non-Hodgkins Lymphoma®®. Thissuggests that MVPAisbeneficial irrespective of the behaviour
isreplacesandtherefore, aligns with previous research demonstrating the positive impact of
MVPAwhenconsidered as anabsolute exposure outside of the 24-hour movement paradigm?®®.
However, this review offers more nuanced insights by using the 24-hourapproach to highlight that
replacing SB with MVPA yields the most beneficial effects. Results demonstrated that converting
SBinto MVPA demonstrated the most consistentimprovements whenmodelling changesin
behaviorsacross cancertypes, age groups, and healthdomains including physical, cognitive, and

skeletal patient-reported outcomes>+-8,

Thesstudiesinthisreview, alongwithprevious research,demonstratethat sedentarytimeishighin
peoplediagnosed withcancer??. Changing accumulation patternsmay also provideanavenueto
experience health benefits. Boyle et al. highlighted the detrimental impact of increased prolonged

SBinparticularonwaist circumference and BMI°3,while Vallance et al. reported thatreplacing
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438 bothnon-prolonged and prolonged SB with MVPA was associated with improved fatigue®°. In

439 peoplewith prediabetes andtype 2 diabetes, reallocating time fromeither prolonged (>60

440 minutes) or non-prolonged sedentary timeinto MVPAdemonstrated consistent improvementsin
441 BMlandwaist circumference, whereas breakingup SB(i.e., reallocating prolongedinto

442 non-prolonged) showed no significantbenefit®!. Theseinconsistencies within and across clinical
443 populationshighlight the need for furtherinvestigationinto howtheinterruption of sitting patterns
444  may benefit health, particularly as health guidelines movetoward broader behavioural targets?®2.
445 Futureresearch shouldaimto exploretheseassociations further foramore granular

446 understanding of howto optimise movement patterns, particularlyin cancer populations

447  experiencing persistentlyhigh SB.

448 Commonside-effects of canceranditstreatmentinclude cancer-related fatigue®4, pain®3and
449 deconditioning®*which canlimit apatient’sabilitytoengagein higherintensity PA. Patients also
450 reportbarriers suchaslack of accesstophysical activity services,lack of information from

451 healthcare professionals andlack of motivationto start exercisingZ22°. Theresults of the current
452 review provide some supportfor benefitsresulting from converting time spent sedentary into
453 otheractivitiesincluding LPA%25458 and sleep °2°7, This maybeimportant for peoplediagnosed
454  withcancertohavetheopportunitymake changesthatare more feasibletotheir current

455 treatmentstageand physical capacity,ratherthan higherintensity activitieslike MVPAS33,

456 Device-based studiesof individualsinthe USdiagnosed with cancer havereported that most of
457 theirphysical activityoccursat thelight-intensity level?%2°, While this reviewdemonstratesthe
458 additional positiveimpact of thenreallocating LPAinto MVPA, the proposed benefits of

459 reallocating SBinto LPA highlight how this shift may serve as a practical andachievable starting

460 pointwithevidencedimprovementsin outcomes forpeoplediagnosed with cancer33. Cognition
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461 wastheonly outcomewherethisreallocationdid notindicate the same positiveimpact®*,
462 althoughthisrelationship direction alignswith previous research and may be due to contextual
463 activities of SBthat mayimprove cognitive health®297 e.q., reading,computer use,and

464 work-related sedentarytime?8°,

465 Threestudiesdiscussedthe clinically meaningful results of changesin 24-hour movement

466 behaviourpatterns as well asstatistically significant results, offeringa more practical

467 interpretation of findings®3°0:57 For example, Tabaczynski estimated the minutes of reallocation
468 neededtoachieveclinically meaningful differences, enhancingthe utility of theirfindingsina

469 real-world context®’. These meaningful thresholds are particularly importantforclinical

470 populations,where patientreported outcomes are critical to understand thelived experience

471 beyondtraditional clinical measures. Future research should aimto explore awiderrange of

472 outcomesthatareprevalentin people diagnosed withcancer such asdepression'%and

473 anxiety'91, aswellasreplicating observedresultsinothersamples. Consideration of theseclinical

474  thresholds will betterinformpracticeand policyin cancersurvivorship.

475 Nostudiesidentifiedinthisreview examinedclinicalendpoints suchas survival orrecurrence.
476 Evidenceforthe positiveimpactof post-diagnosis PAoncancer-specificoutcomesis

477 accumulating, particularlyin largercancer populations suchas breast 1%2and prostate cancer'93,
478 Asthe?24-hourparadigmcontinuesto evolveinpeople diagnosed with cancer, further examining

479  whereoptimal changes canbe maderepresents akeyareaforfutureinvestigations.

480 Strengths andlimitations

481 Thisreviewisdistinct fromprevious similarreviewsinits requirement that all three movement

482 behaviours(PA, SBand sleep) areincludedintheanalyses, incorporating device-based and
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self-report measures. Toourknowledge, thisis thefirstreviewto collatethe available evidence on
studies usingthe 24-hour movement paradigminpeople diagnosed with cancer, despite
increasing recognition of itsvalue withinthis population34. This will enable futureresearchersto
have aresourcetoreference when examining allmovement behavioursin this populationandto
identifyresearchgapssuchas examiningthe associations between24-hourmovement
behavioursand cancer-related endpoints. Thisreview wasinformed by best practice guidelines,
including guidancefor scoping reviews and the PRISMA-ScR Checklist,but wasnot withoutits
limitations3>3°. Unlike prior reviewsinthis area (e.g., Montoye et al.8%), no clear recommendations
couldbegivenbased onthelimited available evidence. Only studies publishedinthe English
language wereincludedinthisreview sothereis the possibility of otherstudies publishedin other

languages that were not identified.

Conclusion

Thecurrent reviewisthe firstto collate existing literaturethat has investigated all three movement
behavioursthat comprisethe 24-hourdayin people diagnosed withcancer. Thelimited
availability of studies highlights aneed formore studiesto apply this paradigminpeople
diagnosed with cancer. The heterogeneity of outcomesacross studieslimits the ability to draw
strong conclusions butdemonstratesthe need for futureresearch replicating and expanding this
work. Improved methodological rigourand appropriate movement behaviour measurement
considerations willimprove our understanding of 24-hourpatterns and provide more
generalisableinsightsacross diverse cancerpopulations. Future research can benefit from
applyinglongitudinal designsto investigate how actual changes inthe 24-hour compositionrelate
to healthoutcomes. Asthe 24-hour movement approach continuesto progresswiththe

development of new movementguidelines, future studies shouldaddress these gapstoensure
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comprehensiveinclusionand consideration of people diagnosed with cancer. Improving the
understanding of 24-hourmovement methodologies andtheir appropriate applicationin this
populationwill be critical inenabling researchers to develop evidence-based strategiesto support

long-term health and well-being for people diagnosed with cancer.
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TABLES

Table 1. Characteristics of studiesincluded inthereview (N=7)

24-hourmovement in peoplediagnosed with cancer

Study Country Cancertype Sample size? Self-reportor device-based|Device used Covariates Outcomes examined
Boyleetal.,2017°° Australia Breast 256 WC Self-reported sleep Actigraph  [Age, socioeconomic status,comorbidity, BMI (self-report)
238 BMI smoking status
Device-based PAand SB Waist circumference
(self-report)
Vallanceetal.,2017° Australia Non-Hodgkins |149 Self-reported sleep Actigraph  |Age, sex, socioeconomic status, working Fatigue (FS)104
Lymphoma status
Device-based PAand SB Health-related quality of life
(FACT-G)105
Ehlersetal.,2018 United States  |Breast 269 Task-Switch stay Device-based Actigraph  |Age, months of adjuvanthormonal therapy, |Cognitivefunction
receipt of chemotherapy, totaltimethe (Task-Switch task'96, Trail
268 Task-Switch switch
accelerometerwasworn Making task'07)
269 Trail Making Task
Tabaczynskietal., 202057 |Canada Kidney 463 Self-report N/A Age, sex, educationlevel, marital status, Quality of life (FACT-G195,

alcohol consumption,smoking status, BM|,
comorbidities,timesincediagnosis drug

thera py, current treatment status, current

FACT-F1%4 Trial Qutcome

Index-Fatigue!99)
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cancer status, recurrence status
Hiddeetal., 202253 UnitedStates  |Mixedcancers|73 Device-based ActivPAL  |Age, cancertype,timesincediagnosis Qualityof life (FACT-G195)
Actiwatch
Hiddeetal., 202452 United States  |Mixedcancers®|73 Device-based ActivPAL  |Age, cancertype, timesincediagnosis BMI (self-report orlaboratory
visit)
Actiwatch
Marmol-Perezetal., Spain Mixed 116d Device-based Actigraph  |[Restof movementbehaviours,timesince Bone health (DXA scan)
20248 paediatric treatment completion, radiotherapy
cancers® exposure,region-specificlean mass.

aFinal Nincludedin analysis. °Breast, colorectal, leukemia/lymphoma and other. ¢Acute lymphoblasticleukemia, lymphoma, central nervous system, renal tumor, neuroblastoma, malignant bonetumor,

histiocytosis, soft tissueand other extraosseous sarcomas retinoblastomahepatic tumor,other malignant epithelial neoplasms, and unknown. 4Sample size may be slightly varied for some variables dueto

missing dataacrossthemodels. Abbreviations: WC=Waist circumference; BMI: Body Mass Index; PA=Physical Activity, SB=Sedentary behaviour; FS=Fatigue Scale'%*; FACT-G =Functional Assessment of

Cancer-General19;FACT-F=Functional Assessment of Cancer-Fatigue'%4; DXA=Dual-energy X-ray Absorptiometry.
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Table 2. Summary of included study quality using the Critical Appraisal Skills Programme checklist4?

Study "
1]
1 i 2 8 % t:
. Q e .
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% £ S & k: £ g 3 5 "
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@ = @ 3] N T 5 |o g 2 ] R3; 2 o

5 o m s & 8 @ |2 S > £ 2 k=
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5 e 8 4 = 8 8 = 8 = -_— ® S a © (3 5]

K O @ o © o o 5 £ Q c O Q |"© >

(&) < < = o a @ | a 7 © o & x 2> o
Boyleetal.,2017°°> |Yes Yes Someconcerns Some concerns Yes Can'ttell |Yes Someconcerns |Yes Yes Low
Vallanceetal.,2017°9Yes Yes Some concerns Yes Can'ttell ([Yes Someconcerns |Yes es Low
Ehlersetal.,2018% |[Yes Yes Yes Can'ttell [Yes Someconcerns |Yes es Low
Tabaczynskietal, [|Yes Yes es Can'ttell [Yes Someconcerns |Yes es Low
20205/
Hiddeetal., 2022 |Yes Yes Yes Can'ttell [Yes Someconcerns |Yes es Low
Hiddeetal., 20242 |Yes Yes Some concerns Yes Can'ttell [Yes Someconcerns |Yes es Low
Marmol-Perezetal., |Yes Yes Someconcerns Yes Yes Can'ttell [Yes Someconcerns |Yes es Moderate
202458
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Table 3. Measurement and definitionof light physical activity (LPA), moderate-to-vigorous physical activity (MVPA), sedentary behaviour (SB), and sleepacross studies (N=7)

Study Placement Definingphysical activity Defining sedentary behaviour Definingsleep Dataprocessing
Boyleetal.,2017°° |Hip TimeinLPA: 100—-1,951 counts per minute (CPM)and (Time spent sedentary:<100 CPM. PittsburghSleep Questionnaire Index(PSQI)®%.  |Rawacceleration
inMVPA: >1952 CPM. Sleep durationderivedfromthe question“During |data
Sedentarytime partitioned into prolonged bouts
the past month,how manyhours of actual sleep
of sedentarytime (=20 minutes) and
didyougetat night (this maybedifferent thanthe
non-prolonged sedentarytime.
number of hoursyou spentinbed)?”.
Vallanceetal., Hip TimeinLPA: 100—-1,951 counts per minute (CPM)and |Time spent sedentary:<100 CPM PittsburghSleep Questionnaire Index(PSQI)®%.  |Rawacceleration
2017 inMVPA: 21952 CPM. Sleep durationderivedfromthe question“During |data
Sedentarytime partitionedinto prolonged bouts
the past month,how manyhours of actual sleep
MVPA partitioned intobouted MVPA (=10 minutes).  |of sedentarytime (=20 minutes) and
didyougetat night (this maybedifferent thanthe
non-prolonged sedentarytime.
number of hoursyou spentinbed)?”.
Ehlersetal.,2018>* |Hip and wrist Datareducedintotimespentin LPA(100—1,951 CPM) [Time spent sedentary:<100 CPM. Datascored usingthe Sadeh algorithm:average |Actilife software

andinMVPA (1952 CPM).

dailyminutes of sleep'9 Datascored usingthe
Sadeh algorithm:average daily minutes of

sleep08,
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Tabaczynskietal.,

20207

N/A

Amodified GodinLeisure Time-Questionnaire®’.10°,
Daily MVPA calculated by summing minutes spentin
PAof moderateintensityandtwotimesthetime spent

inPAof vigorousintensity.

Amodified versionof the Domain-Specific sitting
Time Questionnaire™9, Fiveworkdays and two
non-workdays wereaveragedtorepresenttotal
dailysitting time in minutes, regardless of
working.Amodified version ofthe
Domain-Specific sitting Time Questionnaire19.
Fiveworkdays and two non-workdays were
averagedtorepresenttotal dailysittingtimein

minutes, regardless of working.

Sleep durationwas measuredby asingle-item
measure fromthemodified Domain-Specific

Sitting Time Questionnaire™’.

N/A

Hiddeetal., 202253

Hiddeetal., 202452

Thighand wrist

A“daytime” variable was created by subtracting

non-weartimeandtime spentinbed from24 hours

MVPA defined as“steppingtime,in minutes, witha

cadence = 75andduration > 1 min"and “cyclingtime”

LPA calculated by subtracting MVPAand sedentary

time fromthisdaytimevariable.

Timespent sedentarywas derived fromtime

spent sitting orlying down (excluding sleep).

Thesstartofthesleepinterval wasidentified where
therewere 10 consecutive minutes withno activity
counts(sleep onset) andthesleepinterval

concluded after 10 consecutive minuteswith no
activity counts was disrupted by anotheractivity

(sleep offset).

ActivPAL software
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Marmol-Perez et al.,|Wrist

202438

TimespentinLPA, MVPAandSB werecalculated
based onmilligravity units (mg): MVPA: 200 mg, LPA:
35-200mg' " . TimespentinLPA,MVPAand SBwere
calculated based on milligravity units (mg): MVPA:

200mg, LPA:35-200mg'".

Timespent sedentarywas based on milligravity
units (mg): SB: 35mg)’ 1. Time spent sedentary

was based onmilligravity units (mg): SB: 35

|Tlg)111.

Usingthezangle of the devicetodifferentiate

betweensleeping and waking.

Raw acceleration

datawithGGIRIinR
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Table4. Wear protocols fordevices used across studies (N=6)

Study Length of monitoring Wear protocol Numberofvaliddays |Definitionofavalid %valid | Averagedailyweartimein | Averagenumberof validdays
period requiredforinclusion day minutes,M (SD) wom
Boyleetal.,2017°°  [7days Actigraph onright hipto measurephysical |1day >10hours of 95% Waking=870.0(66) Not reported.
activityand sedentarybehaviourduring wakingweartime.
waking hours.
Vallanceetal.,2017°® |7 days Actigraph onright hipto measurephysical (1day >10hours of 94% Waking=870.0(78) Not reported.
activityand sedentarybehaviourduring waking weartime.
waking hours.
Ehlersetal.,2018%*  [7days Actigraph onnon-dominant hip during 4 days >10hours of 97% Total=1322.8(44) Not reported
waking hours, switch to non-dominant wakingweartime.

Waking=912.4(61)
wrist at night, returntohip uponwaking.

Hiddeetal., 20225  [7days activPALonthigh continuously for24 Adaysincluding 1 >20 hours of wear. [100% Not reported. Not reported.
hours/day for physical activity and weekendday
Hiddeetal., 202452
sedentary behaviour measurement

Actiwatch onwrist continuouslyforsleep

measurement.
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Marmol-Perezetal.,

202438

7days

Actigraph onnon-dominant wrist, except

for water-based activities.

1day

23 hoursregistered
bydevicewith 16

hours waking.

Not

reported

Not reported.

Reportedonly 1 participant only
hadjust 1 validday. Nofurther

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

24-hourmovementinpeoplediagnosed withcancer

(MVPA), light physicalactivity (LPA),sedentary behaviour (SB),and sleep (N=7)2

Timereallocation Changein outcome ofinterest Cancertype Study

ReallocatingtoMVPA

Sleepinto MVPA Lowerwaist circumference Breast Boyle etal.,20175°
Lowerbodymassindex Breast Boyle etal.,2017°°
Fastertimes ontask-switchswitch trialsP Breast Ehlersetal., 2018
Fastertimes ontrails Acompletion® Breast Ehlersetal., 2018
Fastertimes ontrails Bcompletion® Breast Ehlersetal., 2018
Improved fatigue® Non-HodgkinsLymphoma  |Vallanceetal., 2017
Improved bone health at total body, total hip and |Mixed (prepubertal) Marmol-Perez etal., 202458
lumbar spine

SBinto MVPA Lowerwaist circumferenced Breast Boyleetal.,2017°°
Lowerbodymassindex® Breast Boyle etal.,2017°°
Improved fatigue Kidney Tabaczynskietal., 20205/
Improved fatiguece Non-Hodgkins Lymphoma Vallanceetal.,2017°¢
Fastertimes ontask-switchstaytrials® Breast Ehlersetal., 20185
Fastertimes ontask-switch switch trialsP Breast Ehlersetal., 2018
Improved bone health at total body, total hip and |Mixed (prepubertal) Marmol-Perez etal., 202458
lumbar spine

LPA into MVPA Improved fatigue© Non-HodgkinsLymphoma  |Vallanceetal.,2017%
Lowerwaist circumference Breast Boyleetal.,2017°°
Fastertimes ontask-switchstaytrials® Breast Ehlersetal., 20185
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Fastertimes ontask-switchswitch trialsP Breast Ehlersetal., 2018
FastertimeonTrails AcompletionP Breast Ehlersetal., 2018
FastertimeonTrails Bcompletion® Breast Ehlersetal., 2018

Improved bone health at total body, total hip and

lumbar spine

Mixed (prepubertal)

Marmol-Perez et al., 202458

ReallocatingtoLPA

SleepintoLPA Improved bone health at total body, total hip, and [Mixed (peri/postpubertal) Marmol-Perez etal., 20248
femoral neck
Improved bonehealth at total body and femoral neckMixed (prepubertal) Marmol-Perez etal., 202458
SBinto LPA Slower time on Trails Acompletion® Breast Ehlersetal., 2018
Slower timeon Trails Bcompletion? Breast Ehlersetal.,2018%
Lowerbodymassindex Mixed Hiddeetal.,202452

Improved bone health at total body, total hip, lumbal

spineand femoral neck

Mixed (peri/postpubertal)

Marmol-Perez etal., 202458

Improved bonehealth attotalbodyand femoral neck

Mixed (prepubertal)

Marmol-Perez etal., 2024°8

MVPAintoLPA Worsened fatigue® Non-Hodgkins Lymphoma Vallanceetal.,2017%
Higherwaist circumference Breast Boyleetal.,2017°°
Slower timesontask-switch stay trialsP Breast Ehlersetal., 2018
Slower timeson task-switch switchtrials® Breast Ehlersetal.,2018>
Slower timeon Trails Acompletion® Breast Ehlersetal., 2018
Slower time on Trails Bcompletion® Breast Ehlersetal., 2018

Worsened bone health at total body, total hip and

lumbar spine

Mixed (prepubertal)

Marmol-Perezetal., 202458

ReallocatingtoSB
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SleepintoSB Higherbody massindex Mixed Hiddeetal.,202452
Improved bonehealth attotal hip Mixed (peri/postpubertal) Marmol-Perez et al., 202458
Worsened health-related quality of life Kidney Tabaczynski etal.,2020°’
Prolonged SBinto Lowerwaist circumference Breast Boyleetal.,2017°°
non-prolonged SB
Lowerbody massindex Breast Boyleetal.,2017°°
LPAintoSB FastertimeonTrails Acompletion® Breast Ehlersetal.,2018>*
FastertimeonTrails Bcompletion® Breast Ehlersetal., 2018
Higherbodymassindex Mixed Hiddeetal.,202452
Worsened bonehealthattotal body, total hip, lumbar{Mixed (peri/postpubertal) Marmol-Perez etal., 202458
spineand femoral neck
Worsened bone health at total body and femoral |Mixed (prepubertal) Marmol-Perez etal., 202458
neck
MVPAintoSB Higherwaist circumferenced Breast Boyleetal.,2017°°
Higherbodymassindexd Breast Boyle etal.,2017°°
Worsened fatigue® Non-Hodgkins Lymphoma Vallanceetal.,2017°
Worsened fatigue Kidney Tabaczynskietal., 202057
Slower timeson task-switch stay trialsP Breast Ehlersetal.,2018%
Slower timeson task-switch switchtrials® Breast Ehlersetal.,2018>

Worsened bone health at total body, total hip and

lumbar spine

Mixed (prepubertal)

Marmol-Perez etal., 202458

Reallocatingtosleep

SBintosleep

Lowerbodymassindex

Mixed

Hiddeetal., 202452

Improved health-related quality of life

Kidney

Tabaczynskietal., 202057
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Worsened bonehealthattotal hip Mixed (peri/postpubertal) Marmol-Perez etal., 202458
LPAinto sleep Worsened bone healthat total body, total hip, lumbar{Mixed (peri/postpubertal) Marmol-Perez etal., 202458
spineand femoral neck
Worsened bone health at total body and femoral |Mixed (prepubertal) Marmol-Perez et al., 2024°8
neck
MVPAintosleep Higherwaist circumference Breast Boyleetal.,2017°°
Higherbodymassindex Breast Boyle etal.,2017°°
Slower timeson task-switch switchtrialsP Breast Ehlersetal., 2018
Slower time on Trails Acompletion® Breast Ehlersetal., 2018
Slower time on Trails Bcompletion® Breast Ehlersetal., 2018
Worsened fatigue® Non-Hodgkins Lymphoma Vallanceetal.,2017°°
Worsened bone health at total body, total hip and [Mixed (prepubertal) Marmol-Perez etal., 202458
lumbar spine

aAssociationsthat were not statistically significant are not presented. Tabacynski etal.’s study only evaluated the effects of reallocatingtime
fromsedentary behaviourto other activities, and did not examine substitutions between other behaviours (e.g., MVPA —. LPA,LPA - sleep)®’.b
While reallocating behavioursimpacted onthe speed of completing cognitivetasks,no effect was found ontheaccuracy of suchtasks. Effects
observed only for bouted MVPA (10+ minutes). 9Effects observed only for prolonged SB (>20mins uninterrupted). ¢Effects observed for both

prolonged (>20minsuninterrupted) andnon-prolongedSB.
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Table 6. Statement of funding sources reported intheincludedstudies (N=7)

Boyleetal.,2017°°

Thiswork wassupportedby Breast Cancer Research Centre- WesternAustralia(Grantto T. Boyle,J.K. Vallance
and B.M. Lynch), Cancer Council WesternAustralia(AwardtoT. Boyle); the AustralianNational Health and
Medical Research Council (Fellowship #1072266 to T. Boyle); the CanadianInstitutes of HealthResearch
(Fellowship #300068to T. Boyle); the Michael SmithFoundationfor HealthResearch(Trainee Award #5553to T.
Boyle); KillamTrusts (Postdoctoral Research Fellowship to T. Boyle); the CanadaResearch Chairs (J.K. Vallance);
Alberta Innovates — Health Solutions (Population HealthInvestigator Award to J.K. Vallance); US National Cancer
Institute (Grant #1R01CA198971toM.P. Buman); and the AustralianNational Breast Cancer Foundation

(FellowshiptoB.M. Lynch).

Vallanceetal.,

2017

Thiswork wassupportedby agrant from Cancer Council Western Australia awardedto Terry Boyle.

Ehlersetal., 2018

Dr. Ehlers and thisproject were supported by an American Cancer Society (ACS) Postdoctoral Fellowship
(PF-16-021-01-CPPB) at the University of lllinois at Urbana-Champaign. ACS was notinvolvedin thedesign of the

study; collection, analysis,andinterpretationof data; or writingof the manuscript.

Tabaczynskietal.,

2020~/

Kerry S Kourneyais supported by the Canada Research Chairs Program.

Hiddeetal., 202253

Thiswork wassupportedby the Department of Health and Exercise Science at Colorado State University.

Hiddeetal., 202452

No funding statement.

Marmol-Perezetal.,

202438

This studyhasbeen partially supported by the Spanish Ministry of Science and Innovation(ref. no.
PID2020-117302RA-100 financiadopor MCIN/AEI/10.13039/501100011033), La Caixa Foundation (ref. no.
LCF/BQ/PR19/11700007),the University of Granada Plan Propio de Investigacién 2021-Excellence actions: Unit
of Excellence on Exercise, Nutrition and Health (UCEENS), and the CIBEROBN, Centro de InvestigacionBiomédica
enRed (CB22/03/00058), Instituto de Salud Carlos 11, Ministerio de Ciencia e Innovaciénand Unién Europea-
European Regional Development Fund. AM-Pisrecipient of a predoctoral fellowship (FPU20/05530) by the
SpanishMinistry of Education, Cultureand Sport. EU-Gis supported by the Maria Zambrano fellowship by the

Ministerio deUniversidadesylaUnién Europea—NextGenerationEU.

45



FIGURES

24-hourmovementinpeoplediagnosed withcancer

Figure 1. PRISMA flow diagramillustrating identification of sevenincluded studies

[ Medline (n=30)

] { Embase (n=69)

] [ CINAHL (n=32)

] { Grey Literature (n=2) ]

[

Total records identified (N=131)

|

{ Duplicates removed (n=43)

[ Abstract/Title screening (N=88)

|

4 Excluded (n=79)

Conference abstracts (n=18)
Mo interdependency of behaviours (n=17)

Does not measure all three behaviours (n=18)
Outside scope (n=14)
Mot original research study (n=11)

'\Wrcung population (n=1)

{ Full text review (N=11) ]

Excluded (n=4)
Does not report analytical approach (n=2)

{ Included (N=7) J

Duplicate data from thesis (n=1)
Wrong population in thesis (n=1)
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Supplementary Materials 1

Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping

Reviews (PRISMA-ScR) Checklist

TITLE
Title 1 Identify thereportasascopingreview. 1
ABSTRACT

Provide a structured summary that includes (as applicable):
background, objectives, eligibility criteria, sources of evidence,
Structured summary 2 1

charting methods, results, and conclusions that relate to the review

questionsand objectives.

INTRODUCTION
Describe the rationale for the review in the context of what is
Rationale 3 already known. Explain why the review questions/objectives lend3-4
themselvestoascoping review approach.
Provide an explicit statement of the questions and objectives
being addressed with reference to their key elements (e.g.,
Objectives 4 populationor participants,concepts, and context) or otherrelevant 4
key elements used to conceptualize the review questions and/or
objectives.
METHODS
Indicate whether areview protocol exists; state if and where it can
Protocol and registration 5 be accessed (e.g., a Web address); and if available, provide 5
registration information,including theregistration number.
Eligibility criteria 6 6-7

Specify characteristics of the sources of evidence used as
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Informationsources* 7

Search 8

Selection of sources of

9
evidencet
Data charting processt 10
Dataitems 11

Critical appraisal of individual

12
sources of evidence§
Synthesis of results 13
RESULTS

Selection of sources of
14
evidence

Characteristics of sources of 15

24-hourmovementinpeoplediagnosed withcancer

eligibility criteria (e.g., years considered,language, and publication

status), and provide arationale.

Describe all information sources in the search (e.g., databases
with dates of coverage and contact with authors to identify
5

additional sources), as well asthe date themost recent search was

executed.

Present the full electronic search strategy for at least 1 database,
Supplementary materials
including anylimitsused, suchthatit could berepeated.

State the processfor selecting sources of evidence (i.e., screening
6-7

andeligibility)included inthe scoping review.

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 done7

independently orinduplicate) andany processes for obtaining and

confirmingdata frominvestigators.

List and define all variables for which data were sought and any 7&Supplementary

assumptionsand simplifications made. materials

If done, provide a rationale for conducting a critical appraisal of
included sources of evidence; describe the methods usedandhow8

thisinformationwas used in any data synthesis (if appropriate).

Describe the methods of handling and summarizing the data that
7-8
were charted.

Give numbers of sources of evidence screened, assessed for
eligibility,and included inthereview, with reasons for exclusions ai8, Figure 1

each stage,ideallyusinga flow diagram.

For each source of evidence, present characteristics for which 9,Table1
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evidence

Critical appraisal within

16
sources of evidence
Results of individual sources
17
ofevidence
Synthesisofresults 18
DISCUSSION
Summaryof evidence 19
Limitations 20
Conclusions 21
FUNDING
Funding 22

24-hourmovementinpeople diagnosed withcancer

datawerecharted and providethecitations.

If done, present data on critical appraisal of included sources of
9
evidence (seeitem12).

For each included source of evidence, present the relevant data

8-9, Table1, Table 3, Table
that were charted that relate to the review questions and

4, Table 5
objectives.

Summarize and/or present the charting resultsasthey relate tothe8-9, Table 1, Table 3, Table

review questionsand objectives. 4 Table5

Summarize the main results (including an overview of concepts,
themes, and types of evidence available), link to the review
11-12

questions and objectives, and consider the relevance to key

groups.
Discussthelimitationsof the scopingreviewprocess. 20

Provide a general interpretation of the results with respect to the
review questions and objectives, as well as potential implications20

and/ornext steps.

Describe sources of funding for the included sources of evidence,
as well as sources of funding for the scoping review. Describe the Table6

role ofthefunders of the scopingreview.

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

and Meta-Analyses extension for Scoping Reviews.

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

databases, social media platforms, and Web sites.
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T Amore inclusive/heterogeneous termused to account for the different types of evidence or data
sources (e.g., quantitative and/or qualitative research, expert opinion, and policy documents) that
may be eligible in a scoping review as opposed to only studies. This is not to be confused with

information sources (see first footnote).

1 Theframeworks by Arksey and O'Malley (6) and Levac and colleagues (7) and the JBI guidance

(4,5) refertothe process of dataextractionin ascoping review as datacharting.

§ The process of systematically examining research evidence to assess its validity, results, and
relevance before using it toinformadecision. Thistermisused for items 12 and 19 instead of "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.,

quantitative and/or qualitative research, expert opinion, and policy document).

References

-----

.....

1. Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR):
Checklist and Explanation. Annals of Internal Medicine. 2018/10/02 2018;169(7):467-473.

doi:10.7326/M18-0850
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Supplementary Materials 2

Search strategies forMedline, Embase, and CINAHL

Medlinesearch strategy

Ovid MEDLINE(R) ALL<1946 to August 6,2024>

1 sedentarybehavior/ 14408

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

adj1time) or screen-time).ti,ab. 19093

3 exercise/ 150317

4 ((physical adj2 (activit* orinactivit* orbehavio* or exercise)) or sport).tiab. 230729

5 exp sleep/ 103452

6 (sleep* or alertnessorwakefulness).ti,ab. 256483

7 (24-hour movement behav* orintegrated behav*).ti,ab. 1012

8 Tor2 25743

9 3ord 312767

10 50r6 274706

11 8and9and10 2698

12 /or11 3591

13 cancer survivor/ 10284

14 ((canceradj2 surviv*) or(cancer adj2 patient*)).ti,ab. 363012
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15 LWBC.ti,ab. 29

16 "Peoplelivingwithandbeyond cancer'.tiab. 105

17 13or14or150r16 364379

18 12and17 30

Embase search strategy

Embase<1974t02024 August 06>

1 sedentarytime/ or sedentary lifestyle/ or screentime/ or sitting/ 55761

2 ((sedentary adj2 (time or behavio*)) or ((sit or sitting) adj2 (time or behavio*)) or (screen
adj1time) or screen-time).ti,ab. 23184

3 exp exercise/ orexp physical activity/ orexerciseintensity/ 933416

4 ((physical adj2 (activit* orinactivit* orbehavio* or exercise)) or sport).tiab. 305804

5 exp sleep/ 287828

6 (sleep* or alertnessorwakefulness).ti,ab. 385307

7 (24-hour movement behav* orintegrated behav*).ti,ab. 1222

8 lor2 64734

9 3ord 1024605

10 Sor6 462760
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11 8and9and10 4689

12 /or11 5783

13 cancer survivor/ 37080

14 ((cancer adj2 surviv*) or(cancer adj2 patient*)).ti,ab. 584288

15 LWBC.ti,ab. 46

16 "Peoplelivingwithandbeyondcancer”.tiab. 155

17 13or14or150r16 591863

18 12and 17 69

CINHAL search strategy

S1: MH life style, sedentary
S2: Tl ( (sedentary N2 (time or behavio*)) or (sit* N2 (time or behavio*)) or (screen N1 time) or
screen-time) ) OR AB ( (sedentary N2 (time or behavio*)) or (sit* N2 (time or behavio*)) or (screen
NT time) or screen-time)
S3: MH physical activity OR MH exercise
S4: Tl (((physical N2 (activit* orinactivit* or behavio* or exercise)) or sport) ) OR AB ( ((physical N2
(activit* or inactivit* or behavio* or exercise)) or sport)
S5: MH sleep OR MH sleep duration
S6: Tl ( ((sleep* or alertness or wakefulness)) ) OR AB ( ((sleep* or alertness or wakefulness))
S7. ST OR S2

S8: S3 OR S4
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S9: S5 OR S6
S10: S7 AND S8 AND S9

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

integrated behav*)
S12: S10 OR S11
S13; MH cancer Survivors

S14: Tl ("people living with and beyond cancer" ) OR AB ( "people living with and beyond cancer"
S15: Tl LWBC OR AB LWBC
S16: Tl ( ((cancer n2 surviv*)) or (cancer N2 patient*)) ) ORAB ( ((cancer n2 surviv*)) or (cancer N2
patient*))

S17: S13 OR S14 OR S15 OR S16

S18:S12ANDS17
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Supplementary Materials 3

Columnheadingsinthe dataextractionform

Supplementarytable 1. Column headings usedinthereview dataextractionform

Study

information

Title

Authors

Journal,issue

Date(Year)

Study countryoforigin

Studydesign

Brief descriptionof study sample. Note: Geographicallocation, age, gender,samplesize

Cancertype

Measures

Howwas each movement behaviour measured (self-report, device-based)

Self-reportinstrument (e.g., GLTEQ)

Accelerometer makeand model

Accelerometer body placement

Enter 1 = thigh, 2 = waist/hip, 3 = wrist, 4 = back, 5 = multiple sensors, 6 = other (if 5 add 1-4 as appropriate to indicate

placement)

Minimum accelerometer weartimecriteria(forinclusion)

Adherenceto wear protocol (%valid data)

Accelerometers processing approach

Type of movement behaviours measured (e.g.,Physical activity, Sedentary behaviour, sitting, sleep)

Movementbehavioursincludedinthe analysis
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Variables examinedinrelation to 24hmovement (outcome and measure/instrument used)

Analytical  [24h movement: Outcomeorexposure?
approach
Covariates
Analysesconducted (e.g.,isotemporal substitution)
Independent associations examined?
Results Results ofindependent effects model (if applicable)
Results of partitionmodels (if applicable)
Results of substitutionmodels (if applicable)
Summaryofresults
Additional |REVIEWER NOTES: PLEASE ADD ANY RELEVANT INFORMATION REGARDING THIS STUDY. PARTICULARLY
information |REGARDINGITSSUITABILITYFORINCLUSION
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Supplementary Materials 4

Critical Appraisal SkillsProgramme Checklist

CASP Checklist:

For Descriptive/Cross-Sectional Studies

[Reviewer Name:

|Paper Title:

Author:

|Web Link:

Appraisal Date:

oS/
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During critical appraisal, never make assumptions about what the researchers have done. If itis
not possible to tell, use the “Can't tell” response box. If you can't tell, at best it means the
researchers have not been explicit ortransparent, but at worst it could meanthe researchers have
not undertaken a particulartask or process. Once you've finishedthe critical appraisal, if there are
alarge number of “Can’t tell” responses, consider whetherthe findings of the study are trustworthy

and interpret the results with caution.

Section A: Are theresults valid?

1. Didthestudyaddressaclearlyfocusedissue? YesNoCan'tTell

CONSIDER:

A question can be focused’interms of

e thepopulationstudied

® theriskfactors studied

o8
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e jsitclearwhetherthe studytriedto detect abeneficial or harmful effect

e theoutcomesconsidered

2. Didtheauthorsuseanappropriate method YesNoCan't Tell

toanswertheirquestion?

CONSIDER:

e [sadescriptive/cross-sectional study an appropriate way of answeringthequestion

e diditaddressthe studyquestion

3.  Werethesubjectsrecruitedinanacceptableway? YesNoCan't Tell

CONSIDER:

We are looking for selection bias which might compromisethegeneralisability of the findings:

e  Wasthesamplerepresentative of a defined population

e  Waseverybodyincludedwho should have beenincluded
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4. Were the measures accurately measured to reduce|YesNoCan'tTell

bias?

CONSIDER:

Lookformeasurement orclassificationbias:

e  didtheyusesubjective orobjective measurements

e dothemeasurements truly reflect what youwant themto (have they been validated)

5. Were the data collected in a way that addressed the [YesNoCan't Tell

researchissue?

CONSIDER:

e fthesetting for datacollectionwas justified

e [fitisclearhowdatawere collected (e.g. interview, questionnaire,chart review)

e ftheresearcher hasjustifiedthemethods chosen

e jf the researcher has made the methods explicit (e.g. for interview method, is there an indication of how interviews were

conducted?)
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6. Didthe study have enough participants to minimise the [YesNo Can't Tell

play of chance?

CONSIDER:

e ftheresultis precise enoughtomake adecision

e [fthereisapowercalculation. This willestimate howmany subjectsare neededto producea

Ireliable estimate of the measure(s) of interest.

7. How are the results presented and what is the main [YesNoCan't Tell

result?

CONSIDER:

e jf,forexample, the results are presented as a proportion of people experiencing an outcome, such as risks, or as a measurement,

such as mean or median differences, or as survival curves and hazards

e  howlargethissize ofresultis and howmeaningfulitis

e  howyouwould sum upthebottom-line result of the trialinone sentence

8. Wasthe data analysis sufficiently rigorous? YesNoCan'tTell
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CONSIDER:

e fthereisanin-depthdescriptionofthe analysis process

e  fsufficient dataare presentedtosupportthefindings

9. Isthereaclearstatementof findings? YesNoCan't Tell

CONSIDER:

e fthefindings areexplicit

e jfthereis adequate discussionofthe evidencebothforand againstthe researchers’arguments

e jftheresearchers havediscussedthe credibility of their findings

e jfthefindings arediscussedinrelationtothe original research questions

10. Cantheresultsbe appliedtothelocal population? YesNoCan't Tell

CONSIDER:

e thesubjects covered in the study couldbe sufficiently different fromyour populationto cause concern.

e  yourlocalsetting is likely to differmuch from that of the study

11. Howvaluableistheresearch? YesNo Can't Tell
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CONSIDER:

e  onedescriptive/cross-sectional study rarely provides sufficiently robust evidence to recommend changes to clinical practice or

within health policy decisionmaking

e jftheresearcher discusses the contribution the study makes to existing knowledge (e.g., do they consider the findings in relation tq

current practice or policy, orrelevant research-basedliterature?)

e jftheresearchers havediscussedwhetherorhowthefindings canbetransferredto other populations

APPRAISAL SUMMARY: List keypoints from your critical appraisal that need to be considered whenassessing the validity of theresults ang

their usefulness indecision-making.

Positive/Methodologically sound Negative/Relatively poor methodology Unknowns
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Referencingrecommendation:

CASP recommends usingthe Harvard style referencing, whichis an author/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

bibliography at the end.

Example:

Critical Appraisal Skills Programme (2024). CASP (insert name of checklist i.e. cross sectional

Checkilist.) [online] Availableat: insert URL. Accessed:insert dateaccessed.

Creative Commons

©CASP thisworkislicensed underthe Creative Commons Attribution — Non-Commercial-Share A

like. Toview a copy of thislicence, 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

helpful for healthcare educational researchers and anyother learnerswho:

o Needtocriticallyappraise and stay abreast of the healthcareresearch literature as part of

theirclinical duties.

e Areconsideringcarryingout research&developingtheirown research projects.

o Makedecisionsintheirrole,whetherthatbe policy making orpatient facing.

Benefits of CASP Training:

e Affordable—coursesstartfromaslittleas£6

o Professionaltraining —leading expertsincritical appraisal training

o Self-directed study —complete eachcourseinyourowntime

e T2monthsaccess —revisitareasyouaren'tsureof andrevise

o CPDcertification-aftereachcompleted module
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Scanthe QRcode beloworvisit https://casp-uk.net/critical-appraisal-online-training-courses/ for

moreinformationandto start learning more.
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Supplementary Materials 5

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

diagnosed with cancer

Supplementary Table2. Summary of measurement considerationsin studies using device-based measures of behaviours?

Consideration

Findings from thisreview

Deviceplacement

Hip-worn devices were most commonly used'3. These are constrained by limitations in detecting
lower body posture and distinguishing time spent in SB versus standing®. Hip-worn devices are not

typicallyworn at night so need to be supplementedby self-reported sleep?3 ora wrist-worn device'.

Wrist-worn devices enable continuous wear but were used only for measuring sleep in three
studies’>®. but sharelimitationsin detectinglowerbody posture and distinguishing time spentinSB

versus standing®.

Thigh-worn devices can offer more specificity when discriminating between postural behaviours such
as sitting and standing’ and were used one study only for waking behaviours®¢ and one study for all

behavioursS.

Researchers must considerthe best suited measure for theirresearch question andthe significance of
various movement behaviours to their outcome?. The implementationof commercial-grade wearables]
in future research could also overcome limitations such as seasonal variation in 7-day monitoring

periods® and enablelonger monitoring periods withhigher compliance’?.

Wear protocols

All studiesin peoplediagnosed with cancer used a 7-day wear protocol -3568,

Compliance

lcompliance information'356, This was despite the requirement for four valid days (=95%

|compliance™>¢) and studies requiringonevalid day (=94%compliance23).

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

In people diagnosed with cancer, treatment side-effects such as skin sensitivity and lymphedema
(swelling) may impact device wear' 112, Minor skinirritation attributable to device wearis acommonly
reported in device-based studies which may impact theiruptake in this population’. Only one studyin

this review acknowledged specific difficulties faced by cancer side-effects and advised women
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[diagnosed with lymphedema or experiencing discomfort on their non-dominant side to wear the device
lon their dominant wrist while sleeping’. In this study,14/300 (5%) did not wear the accelerometer at

nighttimeduetolymphedema,swelling,ordiscomfort’.

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

represents akeygaptobe addressedinreporting on device-based measurement.

Datareduction methods

Summarising behaviours

Four studies in this review used cutpoints to summarise the data into behaviours'338. Three applied
Freedson cut-points’3 to the raw data to classify movement behaviours’? and one used GGIR

methodsS.

The use of the same thresholds for waking behaviours that are established in a much younger cohort
(university students3) may not be suitable when applied to older people diagnosed with cancer'#15,
Reduced functional capacity may alter the perceived relative effort of activities, affecting

Iclassificationaccuracy. Thisshouldbe acknowledged as alimitationinstudies with peoplediagnosed

withcancer’>.

Epochlength

Only two studies stated the epoch length23. Shorter epochs may be more suitable for detecting brief
periods of activity and transitions between different intensities of activity while longer epochs may
average out activities of differentintensities and give abroader perspectiveon PAand SBtrends'®. The
most suitable epoch length remainsto be established for 24-hour movement in people diagnosed with

[Cancer.

Reportingonmethodology

There is a need for more transparency in reporting of data processing methods. This echoes previous
reviews in the general population and cancer populations that call for reporting of all

processing-related paradatato enablereplicability and comparability in futureresearch®14.15,
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