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ABSTRACT

Time use could profoundly affect adolescents’ headthted quality of lifHRQL). Ideally, overall
time use patternsould be consideredbecause activities within a 2¥ur day are inherently
correlated (more in on&ctivity means less in another). This revifasgused orthe associations df)

overalltime use patternand2) components of time use patterns WAtRQL in adolescents

Corclusion:
Moresphysical activity, less screen time and more/adequate sleep, in isolation, are assdhiated wi
better. profilebased HRQL subscales. Greater understanding of adolescents’ overall time use patter

and'HRQL is a priority for policy development.
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KEYNOTES

e ""Overall patterns dfime use could profoundly affect adolescents’ current and future freédted
quality of life (HRQL).

e Thisreview identified rany studies examining specific aspects of time usdH&(@L, with
better outcomes associated with more physical activity, less screen time and more slaep/abser
of'sleep deprivation.

e Largescale representative surveys are neddatincorporatealid measures of all major time

use components simultaneouslyraysideutility - and profilebased HRQL.

INTRODUCTION

The2016Lancet commission has centred gibhttention orthe health and wellbeing of adolescents
(10-19 year¥ (1). Adolescence itypically considered a timef optimal healthyetit directly accounts
for 35% oftheglobal burden of disease, mostly from rymmunicable diseases sucthobssityand
poormental healtt{2). Itis alsoa crucial transition phag@, 3)when health patternare established
andtrack into adulthood4).

How adolescentspend their timéas been shown to impaat certain aspects dfealth(5). “Health”
encompasses health statnsifunctional statusas well agjuality of life (6). Encompassed within
quality of life ishealthrelated quality of life (HRQL)i.e.,quality of life in the context of one’s hida

andorillness(7). HRQL can beused as aindicator to guiddiealthcare resource allocati8), as it

This article is protected by copyright. All rights reserved



© 00 N o o~ W DN P

W W WwWwwwRNNNNNNNNNRNRRRRRRRR R P
O B OWN P OO ®NO0O U0BRWNIEROOOONOOGOMOWNNIERO

can bemeasuredt thepopulationlevel across all lifsstagesTherefore, it is important to understand
whethermotentiallymodifiabletime usepatterngi.e., generahature and timingf daily activities(5))

in adolescencare keydeterminants oiRQL.

Time usepotentially has bidirectional relationship with heatthealth influenestime use, whildime
use.can,improver reducehealth.Current health promotion strategieeommendvell-balanced
lifestylesin children foroptimal health(9, 10) but whata wellbalanced lifstylelooks likefor an
adolescentemains uncleaA comprehensive insight into time useems an essentfalerequisite to

designingiargeted intervention progrartespromote healtenhancing lifestylegl1).

To understand relationships between time use patterns and HietQLyeed to be reliabiyeasured
Fortunately suchmeasuresow exist There are two main types of HRQL instruments: Inejaibfile
and utility measure#iealth profile measurdsave been widely available for the last two decdi2y
Theyspan multiple subdomains wigfood precisionbutdo not allow for calculation of quality
adjusted life years (QALY ). Newer utility measureslo produce QALYs budire shorter andave

fewer itemghan health profile measuresduadng their sensitivity(13-15).

Thetwo maintypes of time use measura®stylisedanalogues of time use diariasd 24hour

diaries Stylised questions ask respondents to recall the habitual duration of relevatiesictihey are
widely,used bubften only cover a section of the day andgererallyinaccuratg16). A 24-hour
diary"whichrecords all activities over a 2#bur day either prospectively or retrospectividymore
accurateas itreduca social desirability bias and recall err¢ty), andmay consider activies co-
existence andisplacemen(b, 18) For example, high levels of physical activity and sedentary
behaviour can cexist, typically in “techneactive” boys who spend relatively large proportions of

time on physical activity and screen tii®, 20)

Both types of measures can be analysed as components of tiimeis@ation (variablecentred)or in
combination (perscoentred)(21-23). A personcentred approach captsgrall activities an individual
undertakesn a specifiedime period and explores them as a wh@®i, 24) This requires complex
data treatment anghalysisto acknavledge the boundedness of time,, thatany increasén time
spent in.ene actiwtnecessarily decreaséimein arother(21, 24) In contrast, ¥ariablecentral
approaclinvestigate®ne or more discrete activities in isolatiarhich are then typically analysed in
simplerlinear malels, but does not acknowledge the finite nature of time and the necessafgftsade
(21, 24)
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Adolescent time use patterns may prese@mpportunity to transform future health sta{@g-26).
Thus, his scopingreview aims to evaluate the associatioh&) persorcentred time use and 2)

variablecentred time use witHRQL in populationbased studieisvolving 10 to 19yearolds

METHODS
A preliminaryscoping review in late 2015 informed the choice of search terms, databases and

restrictions:to be used. The search strategy was developedlibithri@an expert in this area #be

Royal'Children's Hospital, Melbournigledline (Ovid), PsycINFO and Embase (Ovid) databases were

searchediin February 20i6inga common set of MeSH terms, thesaurus and/or kelsv@ulded
was searched to retrieyet-to-be indexed paperdppendix 1 showshte Medline searchtrategy,
which"was then adapted for the other databd¥es to limited resources and the relative novelty of
standardised time use and HRQL measuremettiildren, we restricted the review tpapers

published in Englisin the lastwentyyears.

Table 1 lists the inclusion and exclusion criteDatawereextracted by a single author gW).
Additional relevant articles were fouthy handsearching reference lists of tigentifiedarticles and
from expersin thefield. Fromour prior knowledge, we did not expect a matelysisto be possible,

solplanned acopingreview (27). No formal quality rating was undertaken

RESULTS

Figurerdsshows the progress to final inclusion of 29 arti@ag; onearticleexamiredoverall time
use(i.e. personcentred againsta validatechealth profileHRQL measurd28);, none used a utility
HRQL,measureTherefore we bioadenedhe inclusion criteria fopersoncentredtime us to include
outcomes ofvellbeingand functioningidentifying fourfurtherarticles. An additionalR4 articles
examiningindividual activities (i.e. variabteentred and HRQLwere identified As anticipated, time
use’instriments, HRQtonstructsdata treatment and methodological decisitiffered widely
Tabless2sand Bresenkey information of the included studies, includiyge of time use measures
(stylisedvs 24hour diary)

Person-centred time use (Table 2)

Rel ationships between HRQL and per son-centred time use
Hunt's(28) crosssectionakcommunitysampleof 667 15-19 yearoldswas the only study to use a
validated HRQL profile measure (the KIDSCREEN health profile med88;€29)) and a 2thour
time diary(table 2) Using latent profile modelwith their 3titem diary, they identifiedthree
probabilistictime useprofiles in boysi) ‘productive’,ii) ‘high leisure; andiii) ‘all-rounder. Two

profiles emerged igirls: i) ‘higher study/lower leisureandii) ‘moderate study/higher leisur&here
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was hoassociatiorbetweertime use and HRQIn boys. Ingirls, 40% of those ithe‘moderate
study/higher leisuftegroup scord >0.5 standard deviations (SD) above the internal meadRa)L,
compared to 18% the'higher study/lower leisuteggroup £=0.006) Of the many analyses
conductedonly five associationsvere seetbetweerHRQL sullomairs andtime use and none

remainedysignificanafter adjustment for multiple séng

Rel ati onships between wellbeing/functioning and person-centred time use
A further-four American studies investigated persentred time use against various questionnaires to
measure different aspects of wellbeing/functior(gg.internalisng andexternaligng problems
academic results, see Table(20-33). Nelson’sstudy(32) was the onlyoneto measure an extensive
list ofiactivities usinga validated stylised questionnaingth alarge nationalample while theother
smaller studiesisedstudy-designedime use questionnair¢30, 33)andbr hada limited list of
activities(30, 31) In Nelson’sstudy(32), boys and giit were analysetbgethetto identify five
profiles i))'social’, ii) ‘all-around'’,iii) ‘unstructured recreationly) ‘employed’ andv) ‘study’. The
profilesdiffered by sex, race/ethnicitgocioeconomistatus schooltype and locationThe ‘study’
graupconsistently showed the best perception of school climate, academic achievanuithes,
lowestlevels of truancy and victimisation, while the ‘unstructured recreagjanipshowed thevorst

outcome forwellbeingfunctioning

Thethreeremainingstudieseach examined differeaspects of wellbeirifunctioning(30, 31, 33) For
example, Bartk@g30) demmstrated thahdolescents who participaten pro-social activities hathe
best psychosocial functionintn Metzgers study(31), participation inorganised activieswas also
associated with positive outcomé&swever, in certaiprofiles (e.g ‘school anccommunity) it was
associated with negative outcomes (e.g. delinquesuspensionyarretts (33) six identified profiles
differed in terms ofpositive youth development’, ‘contribution’ andepressioh but notin ‘risk

behaviour; which wasconsistent acrogzrofiles.

Variable-centred time use
Table.3.summarises the 24 studégaminingvariablecentred time use. A wide rga of mainly short
measures wassed to e@nate habitual time spent in specifictivities, whichgenerallycomprised
physicalactivity, sedentary behaviour (often screen time specifically) and Sieglarly, various

HRQL measures wengsed, with only two studies employing utility measu@s 35)

Relationships between HRQL and variable-centred time use
Of the five studies stratiing by sex(23, 3639), two founddifferent result§or boys and girlsvhere

the associations were onlpgerved in boy£36, 38) The participants’ agaangel from 9419 years
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and mosstudieswvere conducted iwealthyEuropean countriedustralia,United StatesCanada and

Japan.

15 studies (11 crossectional, four longitudinal) investigatptiysicalactivity and HRQL. perhaps
reflectingthe global obesity epidem{d0). All used stylised questions éstimatefrequency and/or
duratientime in physical activity; rast usegreviouslyreported questi®(23, 34, 35, 37, 38, 447),
while the remainder usestudy-designed measur¢22, 36, 37, 48)Many physical activity measures
comprisedone to threétems Of the 15studies 13 showed thatmoretime in moderatevigorous
physical activitywasassociatedavith better HRQL The strongest association was obseined
Omorods, (44) longitudinal natbnal study of 1445 French 48 yearolds,wherethe mean HRQL of
adoleseentsvho metvs did not meet physical activity recommendations atei-yearperiodwas
0.3SDhigheron the Duke Health Profilissamplemean 71.0, S5.5) The other 13tudiesshowed
similar but weaker association§hus,more physical activitywhen assessed in isolation, is associated
with somewhabetter HRQL.

Sedentary behaviour and HR@hBs also been widely studied (13 studigsgrosssectional, three
longitudina). Of the 13 studies 11 examined screen time alof@2, 23, 34, 39, 41, 46, 47,-4&2), one
examined reading ardusic listeningon top of screen timg@8), andone examined overall sedentary
behaviour(duration of sitting (44). Most studies (12f 13) showed that more sedentary behaviour
wasrassociated wittmarginallyworse HRQL Matheis'(52) crosssectionhcommurity survey of 925
Australian 1319 yearoldswas the mostabustin usng a validated24-hour time diary; all others used
stylised questionnaire€hildren with<2 hours/day of screen tinszored 3.35 (95% confidence
interval (Cl): 1.23; 5.47)nitshigheron thePedsQL(range 0100; higher scores indicate better
HRQL) and1.43 (95% ClI: 0.07; 2.8@)nitshigher on the&KIDSCREEN(range 0100; higher scores
indicate better HRQLfhan those witkr4 hours/day (52). Tenother studieshowed comparable
results indicating that more screen time, when assessed in isolation, is associated with parginal
worse HRQL Interestingly, inJalaliFaraharis study(38), HRQL was not associated withusic

listening and reading suggesting that the type of sedentary behaviour is important.

Sleep and HRQWas investigated in seven studies with stylised questionr{firesrosssectiong
two longitudinal) mostly in the form of sleep duratiosiX out of sever. Mostshowed that loger
sleep duratioror an absence afleep deprivationwas associated with slightly better HR@2, 34,
53-56). For examplejn Cheris (22) longitudinal commnity survey of 7794 Japanese 9yearolds,
children with <8 hours/day of sleep wer@5 times 95% CI:1.01;1.54) more likely to haveiorse
HRQL (dichotomisedithan those witk9 hours/day of sleep. Similarly, Paivés (56) crosssectional

nationalstudy of 3195 Portuguese-18 yearolds showed thathildrenwhose weekday and weekend
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sleep duration differed b3 hours (i.e. suggesting sleep deprivation on certain flagsl0.81 unis
(0.2SD lower HRQL (mean 38.65D 5.8, higher scores indicate better HRQ=0.003).

DISCUSSION

Principal findings
Due to a dearth of researete could nodetermine how time use patterns are associated.nifitly -
based:HRQLHowever, we foungomelimited evidencerom five studies thabveralltime usds
associated withealth profileHRQL and wellbeing/functioning Thus, a welbalanced lifestyle, i.e.
high“participation in multiple types of activities (e.g.-alunder’, ‘productive’) was associated with

better academic performance and social support and less problematic behaviogisigivhil

involvement in leiste activities alone (e.g. ‘unstructured recreation’) was associated with the worst

academic involvement, problematic behaviour and psychological functioRegardingaspects of
time examined in isolatiofrom each other (an inherently flawed approach, as outlined in the
Introduction), frequentparticipaton in physical activityless screen time and adequataresleepall

consistently showed small to moderagsocidbnswith somewhabetter HRQL.

nterpretation of findings
Person-centred time use studies

Contrary'to expectations, the one extant si@®y suggested that‘avell-balancet adolescent
lifestyle wasnot associated with better HRQL in baysd, althoughhere was some evidee of an
association in girlor overall HRQL this did not play out as differences in the more detailed
dimensions underlying the global measUreis could be the truth- one interpretation being that
cumulative effects of heaktinhancing and healtompromising activities may not become
subjectivdy apparent until adulthood. Alternatively, thdseadlynull findingsmightreflectstudy
limitations, including lowresponse rat€2%), relatively small sample size, homogeneous sample
(adolescentm full time education and living at homelunt timediary (31 activities in 15 minute
blecksinot validated for this age group) and/or blunt HRQL measure (el KIDSCREEN)
Whileswell conducted, this study does not suffice to definitively address theoquékevertheless, it

provided more insight than any other studies included.

Interpreing the findings of the four studi¢batexanmnedoverall time use andellbeing functioning
is challenginglue tothe heterogeneityf exposure andutcomemeasuresAll studies utilised stylised
time useguestionnaires withmited items 6 to 19) anddiversemeasuresf wellbeingfunctioning
(e.g.Child Behavior Checlidt, Profiles of Student Life- Attitudes and Behaviors Surveyesidual

confoundings another possiblessue as, for examplapne adjusted for body mass indexstrong

correlate of HRQL in adolesceh(®$7). Low response rate leading to selection bias is a potential issue
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in three studie$30, 32, 33)Due to this variability we have interpreted results caistipand cannot

draw definitive conclusions.

Variable-centred time use
The findings that frequent participation in physiaelivity, less screen time and adequate/more sleep
are_consistently associated with somewhat better HRQL was more compelling. Individoitiasso
appeared to be small to moderate in size and therefore of uncertain public poiiigesige; it is not
knewn.whether, when combined, these would ‘add up’ to larger overa@fib@ahassociations with
HRQL. Limitationsinclude utilisation ostudy-designed measur¢22, 34, 36, 37, 39, 48, 4%tylised
guestionnaires without specific types of activities (e.g. sports, dance, athlepbys$tcal activity
(22023434, 388, 4145, 47, 48)and crude time use measures without actual duration spent on the
activity (22, 23, 36, 42)Theseare major issues, because such measures are known to be extremely
inaccurate when compared with actigraj(s®). Ceiling effectdfor HRQL were observed in many
studiesrestricing the range of differences that were possibland esidual confoundingvas likely
(e.0.12 studies did not adjust foody mass indgxHowever, the major weaknesstiresestudies is
that activitiesvereanalysedn isolation, neglecting the ogpositional nature of time usgo that

attributing cause and effect to any one activity type is innately flawed

We identified, but did not discuss, one relevaygtematic reviewhatdid not meet our selection
criteria(though four of its included papers diR, 23, 41, 46and were includedBuchert
investigated sedentary behaviour and mental haalihsimilar to our findings, found thiat 10 of 14

studies more screen timeas associated with worse HR@hd/orwellbeingfunctioning(59).

Strengths and limitations
Strengths of this review include a comprehensive search strategy of a wide rdagdagegoing
back20years anda priori inclusion and exclusion criteria. We included papers published in peer
reviewed journals onhLimitations include restrictiorot English language publicatigrendwe were
unable tosconduatual study sreening, slection and data extraction. Moreover, almost all studies
included were from wealthy developed countries (except folravian studies]38, 49) limiting our
conclusiongo these nationalities and socioeconomic stathdetzanalysisvas not possible due to
the highsheterogeneity in methodological designs between studies, most of which d@uot fxc
thefinite, boundedchature of timeFurthermore, a scoping review such as this does not provide formal

assessment of methodologigalality of the studies included.
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Implications and futureresearch

This review critically appraises the evidemegardingrelationshig between time use and HRQL in
largely-healthy adolescentsdt strongly suggesthat time usgatternamay be an important modifiable
determinant of HRQL, wellbeingndfunctioning in this age group. Howevye@uantity and quality
was extremely limited, as we could locate only one empirical @&stional perseoentred study on
timesuse. in relation to HRIQ Among the other studies reviewes identified a lack ostandardised,
validatedfime use instruments; methodological varidpiln time use analyses and selection of
covariates; and failure to account for the interconnected nature of activitiestherbids24-hour day
using appropriate techniqué¥'e concur with Huris (26) andFerrats (24) call for validage

appropriate instruments to investigate time use and H&@Lwellbeingn adolescents.

Largescale representative surveyr@now neededhatusevalid measures incorporatirai major
types of activitiealongsidevalidated widely-used(and preferably utility based) HRQheasures
Thiswould allow researchers to chart complex interactions between time use anditiRQL
adolescencer even across lifesparandassist clinicians, researchensd policymakers to identify
clusters of individuals at risk. Thepuldin turn assst in a more tailored intervention approach in

developing adolescent politlyat considerthe multiple ways in which adolescents spend their.time
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ABBREVIATIONS

¢ © CI: Confidence intervals

e HRQL: Healthrelated quality of life

e PedsQL: Paediatric Quality of Life Inventory
e QALY: Quality-adusted life years

e SD:Standard deviation
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TABLES

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

) _ Primarily focused on children aged less than 10 years
Published in 1992016

or adults
Primary focus ermealthy individuals aged 109 Clinical or special populations (e.g. children with
years autism spectrum disorder)

_ Theoretical or methodological papers or literature
Sample size morethan 100 _
reviews

Exposure variable.reported as actual time spent on
o Theses or book chapters
activities

_ ) Time use expressed as metabolic equivalents or
Outcomes measured using validated tools )
energy expenditure

English language

Published in peereviewed journals

Table 2. Summary of ineluded studies on per son-centred time use. All time use measur es wer e subjective; only studieswith validated measures of HRQL /wellbeing included.

N (% boys);
r esponse; Measures' Main findings'" Limitations

Age (yr)

Author ( Sample;
Ref) year design
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1€

N (% boys);
Author ( Sample;

r esponse; easures' ain findings'" imitations
Ref) des esp M ! Main findings" L
year esign
Age (yr)
Time use profiles derived for boys and girls separately using latent profile models - A non-utility measure
e Boys, 3 profiles: ‘productive’ (more time in study, paid work, housework, and less time infor HRQL
- Time use: 31 timeliary items in 18minute leisure), ‘high leisure’ (more time on leisure but less time on study, paid work, hanksew - All adolescents were
categories: 1 weekday and 1 weekend day: sleep, selcare and school), and ‘abunder’ (average amount of time in sleep,-salfe, in school and living at
Community 667 (47% adapted from Irish Economic and Social school, slightly abovaverage leisure timend more time in study and housework). home, which may
Hunt (28) based, Ireland boys) Research Institute time use survey for adults ~ ® Girls, 2 profiles: ‘moderate study/high leisure’ (less time in sleep, moderatedin sore have reduced
2014 Cross- 52%response 2005 in leisure); ‘moderate study/low leisure’ (more time in sleep, housework and study, less i variability
sectional f€10,, - HRQL:KIDSCREENS2; 10 domain scores + leisure).
y 104item KIDSCREEN10 global HRQL score e Boys: no association of time profiles with global HRQL. Girls: 40% in the ‘modstaty
. Stratification: sex /higher leisure’ group scored >0.5 SD above the mean for global HRQL, vs 18% in the
‘higher study/lower leisure’ group (p=0.006, association remained after adjustment for
multiple testing)
e Time profiles vs HRQL subscales: none significant after adjustment for multipilegte
o - Limited list of
- Time use: 11 stylised items; study designed ) ) ) ] ] ) tiviti
c it 9418 (50% _ o e Outof 7 wellbeing scales analysed, time use profiles were associated with 6 welloeing activities
ommunity - Wellbeing/functioning: GPA, problem behaviour . .
boys) scales. - Study designed time
Bartko based, US. (154tem), Children’s Depression Inventory, o _ _ _ _ _ inst t that
(30) 2002 Cross- i _ e Externalising behaviour differed the most between time profiles: the ‘uninvolved’ group US€ INstrument tha
Harter's Global SeifVorth scale, Child Behavior _ _ ) o tb lidated
sectional Checkist had the highest (i.e. worst) score (mean 8.51 SD 9.27) while the ‘high involved’ group hai@s not been validated.
g ecklis
16-17yr _ the lowest score (mean 4.91 SD 5.35). - Crude measures of
- Confounder: sex, SES time use
- Time use: 6 stylised items; Adapted from the
Community 2495 (49% Search Institute’s Profiles of Student Life: ¢ Time profiles were associated with all nine aspects of wellbeing measured.
Metzger based, US. boys) Attitudes and Behaviors Surveys e The most significant association was in the ‘negative affect’ score wheetenihvolved’ - Limited list of
(31) 2009 Cross- 99% response - Wellbeing/functioning: GPA, school attendance, group reported the worst while the ‘multiply involved’ showed the best score (i.e. least activities
sectional suspension histories, Children Institute’s negative affect) (marginal mean 2.20 and 1.89 respectively).
13yr Assessment of Adolescent Behaviors and o Effect size could not be assessed as the standard deviatiorotyarovided.

Attitudes Towards School and Community,
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N (% boys);
Author ( Sample;

_ r esponse; Measures' Main findings'" Limitations
Ref) year design
Age (yr)
- Confounder: sex, age, ethnicity
p 6338 (51% - Time use: 18 stylised items; based on the e Time profiles were associated with all aspects of wellbeing measured. - Different scales were
. 0
National bovs) Educational Longitudinal Study of 2002 « Truancy and delinquency differed the most between time profiles: the ‘unstructured used for each aspect of
Nelson  sample, US: - Wellbeing/functioning: Education&longitudinal  recreation’ profile (less time in academic and enrichment activities outsidaaiflsind wellbeing making the
(32) 2009 Cross- 41%'response  stydy of 2002; Gtem survey on recognitions at  social activities but more screen time) reported the highest levels ofyr(mean 1.73 SD  reaults challenging to
sectional 10" grade school 0.56) while the ‘study’ group (more time in homework, reading, school clubs and sports biaterpret.
- Confounder: sex, age, ethnicity, school less time on social activities) had the lowest truancy score (mean 1.433D 0.
- i o ) ¢ In examining the association between six time use profiles and four wellbeieg, shal - Study designed time
- Time use: 19 stylised items; study designed ) . . . . . .
) o ) ‘high engaged’ profile was associated with the best PYD while the ‘nonsports’ profile use instrument that
National 1357 (48% - Wellbeing/functioning: PYD, Profiles of Student ) .
ational ) . ] showed the worst PYD score (mean (SE) 74.84 (1.32) and 68.00 (0.57) respectively,  has nobeen validated.
7 le. US boys) Life—Attitudes and Behaviors Survey, Teen o ) o
arrett sample, Us. A Proiect S Ouestion Bank, GES p<0.05). Similar results were found in the ‘contribution’ score.
ssessmerferoject Survey Question Bank, ) ] )
(29) 2009 Cross- 39% o _ _ e The ‘high engaged’ and ‘nonsports’ groups had the worst ‘depression’ score while the
sectional D, Monitoring the Future questionnaire

Lyr - Confounder: sex, ethnicity, SES, youth goal

orientation

‘sports only’ group had the best score (mean (SE) 14.60 (1.06), 14.07 (0.45) and 11.78
(0.69) respectively, p<0.05).

Risk behaviour did not differ between the six time use profiles.

" CESD: Center for Epidemiological Studies Depression Scale, GPA: Grade paiagayv®YD: Positive youth development, SES: Samaomic status

I SD: Standard deviation, SE: Standard error

Table 3. Summary-of included studies on variable-centred time use. All time use measur es wer e subjective.

Author (Ref) Sample; design N (% boys); Measures' Main findings Limitations
year I eSpoNse;
Age (yr)
Boyle (35) Community: 1771 (50%boys) - PA: 24 stylised items; Western Australian e There was no difference in HRQL between adolescents meeting vs not meeting
2010 based, England. 33% response CAPANS recommended PA guidelise
Crosssectional 11-15yr - HRQL: PedsQL, ECGD

- Confounder: sex, age, ethnicity, SES
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Author (Ref) Sample; design N (% boys); Measures' Main findings Limitations
year I esponse;
Age (yr)
- Stratification: season
Sanchez Community 1073 (48% boys) - PA: 2 stylised items; activity type e Physically activeadolescents had higher HRQL scores except in risk avoidance - PA measured using
Lépez (42) based, Spain. 76% response unspecified; actual duration unspecified; domain. Satisfaction, comfort, resilience and achievement domain scoresghere h two items of CHIP
2008 Crosssectional 11-13yr CHIP-CE by 0.26, 0.12, 0.51, 0.29 scores respectively (P<0.001) on a scafe Bisk CE.
- HRQL: CHIRCE avoidance was higher in those that are sedentary by 0.18 (P<0.001). Effect size of Crude measures of
- Confounder: sex, age, BMI CHIP-CE: 0.20=small, 0.50=moderate, 0.80=large. time use
Spengler43)  National sampley’ 1828 (51% boys) - PA: 3 stylised items; activity type An hour increase in PA per week raised total HRQL score by 0.42 points (P<0.0
2013 Germany: 40% response unspecified; MoMePAQ SD 10.3) on a{100 scale.
Crosssectional 11-17yr - HRQL: KINDL-R Physical activity explained 2.4% wériance of HRQL by a linear regression
- Confounder: SES (P<0.001).
Liu (36) Community. 5238 (48% boys) - PA: 1 stylised item; activity type Adolescents with frequent PA at follewp were more likely to report better HRQL - Study designed time
2015 based, Japan. 50% response unspecified; actual duration unspecified,; (86.4% vs 79.7% good seiéported health in boys, p<0.001; 82.5% vs 78.7% in girlsyse instrument that
Longitudinal 5-7; 12:-13yr study designed p=0.015). There was no significant difference at baseline (agegkars). has not been
- HRQL: COOP Boys who reported persistent (i.e. at baseline and falipyin participation in PA validated.
- Confounder: breakfast eating, sleep were more likely to have better HRQL at age 12 years (OR (95% CI) 1.47 (1.14; - Crude measures of
duration, headache, abdominal pain 1.89)). No difference was found in girls. time use
- Stratification: sex - Follow-up bias
Petracci(48) Community 4338 (50% boys) - PA: 1 stylised itemactivity type Adolescents with <2 hours/week of PA had lower HRQL with small effect size. - Study designed time
2013 based, Italy: 95% response unspecified; study designet" There was no significant difference between adolescents who exereided 2 use instrument that
Crosssectional 13-14yr - HRQL: EQVAS hours/week and those who exercised >11 hours/week. has not been
- Confounder: no validated.
Galan(37) National sample, 21811 ¢) - PA: 1 stylised item; activity type Increasing PA was associated with higher HRQL especially when increasing frol - Number of each sex
2013 Spain. 78% response unspecified; study designed to 7 days/week of moderatggorous PA (unstandardised B (95% CI) 3.0 (1.7; 4.3), was not stated.
Crosssectional 11-18yr - HRQL: KIDSCREEN and 5.1 (3.7; 6.4) respectively; mean 50 SD 10). - Study designed time
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Author (Ref) Sample; design N (% boys); Measures' Main findings Limitations

year I esponse;
Age (yr)
- Confounder: age, BMI, ethnicity, SES, use instrument that
numerous others has not been
- Stratification: sex validated.
Breslin (45) Community: 1424 (45% boys) - PA: 2stylised items; activity type ¢ Adolescents with high PA had significantly higher HRQL (P=0.003) with small effect
2012 based, Northern 73% response unspecified; adapted from PASS profect size(npzz0,0I).
Ireland. 9-11yr v
Crosssectional - HRQL: CHIP-CE, KIDSCREEN
- Confounder: sex, BMI
Dalton(41) Community. 152 (46% boys) - PA: 2 stylised items; activity type e Being physically active was associated with a higher level of total HRQL snae - Small sample size
2010 based, US. 29% response unspecified; adapted from Glasgow’s scale of 0100 (standardised p=0.24 p<0.004).
Crosssectignal 11-12yr Measures of Patient Health Behaviors e A longer duration of screen time was associated with a lower total HR®& sc
2005 (standardised p=-0.45 p<0.001).
- ScrT: subjective; 2 items; adapted from
Glasgow’'s Measures of Patient Health
Behaviors 2005
- HRQL: PedsQL
- Confounder: SES, BMI
Gopinath Community 169 (44% boys) - PA: 10 stylised items; Adolescent Physic e Adolescents with the highest level of PA(57 vs <1.21 hours/day) had higher - Follow-up bias
(46) 2012 based, Australia. 75%; 52% Activity Recall Questionnaire overall HRQL on a scale of D00 (mean (SE) 82.3 (0.9) and 79.15 (0.9) respectively).
Longitudinal response - ScrT: 5 items; Adolesce®edentary ¢ Those who frequently participated in PA over 5 yeafs57 vs <1.21 hours/day) had
12; 18yr Activity Questionnaire a higher HRQL (mean (SE) 83.2 (1.6) and 79.57 (1.4) respectively).
- HRQL: PedsQL ¢ Adolescents with high screen time3(93 vs <2.50 hours/day) had lower physical,

- Confounder: sex, age, ethnicity, SES, BMI  psychosocial, emotionalgkool and overall HRQL (mean (SE) 78.30 (0.9) and 81.83
(0.9) respectively)
e Those with high screen time3.93 vs <2.50 hours/day) over 5 years had lower
HRQL (mean (SE) 75.87 (1.5) and 82.21 (1.5) respectively, p<0.001).
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Author (Ref) Sample; design N (% boys); Measures' Main findings Limitations
year I esponse;
Age (yr)
Lacy (24) Community 3040 (56% boys) PA: 5 stylised items; activity type ¢ Boys who were most physically active at recess, lunchtime and after school every @zyde measures of
2012 based, Australia;, 51% response unspecified; actual duration unspecified; had higher HRQL by 5.31 (95% CI 3.56; 7.07, p<0.001), 8.11 (95%01@®t 10.1, time spent on PA
Crosssectional 11-18yr adapted from the 2002 National Children’s p<0.001) and 6.37 (95% CI 3.24; 9.50, p<0.001) units ori@0scale. Similar recorded.
Nutrition Survey results were found in girls.
ScrT: 8 stylised items; adapted frahe e An hour increase in screen time was related to-ar80reduction in HRQL in boys
2002 National Children’s Nutrition Survey  (95% CI-1.70; 0.89, p<0.001) and 1.8it reduction in HRQL in girls (95% Gl
HRQL: PedsQL 2.42; 1.23, p<0.001).
Confounder: SES, BMI
Stratification: sex, age
Omorou(44) National sample,” 1445 (43% boys) PA: 25 stylised items; activity type e The cumulative level of meeting PA guidelines was associated with an increase in Response rate not
2015 France. - unspecified; IPAQ overall HRQL (standardised p= 5.5-unit + 1.0, p<0.001), social (8.7 +1.2 p<0.001), provided
Longitudinal 14-18yr SB: 2 stylised itemdPAQ physical (3.8 + 1.2, p=0.001), and mental (5.2 + 1.4, p<0.001) scores on a scale of Bollow-up bias
HRQL: Duke Health Profile 100 than not meeting PA guidelines.
Confounder: sex, age, SES, BMI e Cumulative high SB (>7 hours/day) was correlated with lower HRQL (standardised
p=-3.1 + 1.2, p=0.003).
Finne(47) National sample, 6813 (51% boys) PA: 1 stylised item; activity type e High PA was associated with higher levels of HRQL. There were small to moderateCrude measures of
2013 Germany. 67% response unspecified; adapted from KiGGS survey  effect sizes for daily vs. no regular PA for both sexes. Emotional and sociaiwellb time use
Crosssectional 11-17yr ScrT: 1 stylised item; adapted from were affected the most in boys (moderate effects: &<0.59) and physical then
KiGGS survey social wellbeing in girls (small to moderate effects: d=0.43 and d=0.32).
HRQL: KINDL-R e High screen time was related to lower HRQL. The largest effect was found in school
Confounder: age, SES, ethnicity, BMI, domain (d=0.37). In boys, only physical wellbeing and school were siamifly
smoking, alcohol, sleep duration affected by high screen time (p<0.001), with the largest effects for sche0I3dy
Chen(23) Community 7794 (50% boys) PA: 1 stylised item; activity type e Adolescents who participated in PA ‘seldom’ or almost never’ were more likely to- Study designed time
2005 based, Japan: 90%; 75% unspecified; actual duration unspecified; have poorer HRQL than those with ‘very often’ at baseline (OR (95% CI) 1.58 (1.38)se instrument that

Longitudinal

response
9-13yr

study designed
ScrT: 2 stylised items; study designed
Sleep: 2 stylised items; study desigfied

1.81) and 1.92 (1.29; 2.87) respectively). Those who reduced PA and kept low PA has not been
were associated with poorer HRQL (OR 2.10 (1.84; 2.39) and 2.21 (1.03; 4.09)  validated.
respectively). - Crude measures of
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Author (Ref) Sample; design N (% boys); Measures' Main findings Limitations
year I esponse;
Age (yr)
- HRQL: COOP o Adolescents who increased screen time (<22/sours/day) were associated with time use for PA
- Confounder: sex, age, BMI poor HRQL (OR 1.24 (1.10; 1.39)). Those witl3h television viewing were - Follow up bias
associated with poorer HRQL (OR 1.20 (1.10; 1.39)).
¢ Those with less sleep (<8 ¥8 hours/day) were associated with poorer HRQL (OR
1.25 (1.01; 1.54)).
Chen(34) Community: 3353(49% boys) - PA: 1stylised item; activity type ¢ An increase in theaumber of physically active days was correlated with an increa: - Response rate was
2014 based, Australia. - unspecified; adapted from the Youth Risk  HRQL by 0.004unit (SE=0.001, P<0.001 and SE=0.002, P = 0.05 for primary and unknown.
Crosssectional 9-15yr Behavior Survey high school children respectively) on a scale-4f 0 - Inclusion criteria:
- ScrT: 2 stylised items; adapted from the e Each additional hour of screen time was associated wititi@ased adjusted mean  disadvantaged
Youth Risk Behavior Survey utility of -0.008 and0.009 (SE=0.001, P <0.001 both) for primary and high school communities.
- Sleep: 5 stylised items; study desighéd students respectively. - Study designed time
- HRQL: CHUSD ¢ An extra hour of sleep was significantly associated with an additionatedijmean use instrument for
- Confounder: sex, age, SES utility of 0.010 (SE=0.003, P<0.001) afd14 (SE=0.014, P= 0.001) for primary and sleep that has not
high school students respectively. been validated.
Jalali Community 465 (51% boys) - PA: 3 stylised items; activity type e PA was positively related to HRQL during school period.
Farahani (38) based, Iran. 96% response unspecified; QAPACE e Screen time was negatively associated with school functioning during schodl. perio
2016 Crosssectional 14-17yr - ScrT: 2 stylised items; QAPACE e There was no association between sleep and HRQL.
- Music/reading: 2 stylised items; QAPACE o Time spent on music listenifrigading was positively correlated to HRQL during
- Sleep: 1 stylised item; QAPACE' school period. During vacation period, they were negatively associated with
- HRQL: PedsQL emotional functioning in boys.
- Stratification: sex, school/vacation
Kantor (51) Community: 448 (51% boys) - ScrT: 2stylised items; SPAN e Greater duration on television was associated with lower HRQL (unstandardised-3#nclusion criteria:
2015 based, US! 96% response - HRQL: PedsQL 0.974unit, SE 0.41, p<0.05) on ai®O scale. Hispanic children
Crosssectional 7-12yr - Confounder: sex, ethnicity, grade who could read in
English or Spanish.
Dolatabadi Community 444 (52% boys) - Computer games: 1 stylised item; study e There was a positive relationship between duration of computer games playing andStudy designed time
(49) 2013 based, Iran. 90% response designed HRQL (p=0.01, r=0.11), but no relationship between playing computer games use instrument that
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Author (Ref) Sample; design N (% boys); Measures' Main findings Limitations
year I esponse;
Age (yr)
Crosssectional 12-15yr HRQL: WHOQOL-BREF (regardless of duration) and HRQL. has not been
Confounder: SES validated
Herman(39) National sample, 7725 (51% boys) ScrT: 3 stylised items; study desigiied e Adolescents with high screen time were more likely to have worse HRQL (®Bys: - SMRH not previously
2015 Canaday 68% response HRQL: SRH, SRMH (95% Cl) 1.28 (1.08, 1.52); girls: 2.06 (1.74, 2.44)), and worse mental health (boysvalidated in
Crosssectional 12-17yr Confounder: age, BMI, ethnicity, SES, 1.34 (1.11, 1.62); girls: 1.52 (1.28, 1.80)). adolescents.
lifestyle Study designed time
Stratification: sex use instrument that
has not been
validated
Mathers(52) Community 925 (50% boys) ScrT: 259 timediary items; MARCA e Adolescents with the highest screen tim2s56 vs <121 minutes/dayhad poorer
2009 based, Australia. 56% response HRQL: CHQ, KIDSCREEN, PedsQL,K KIDSCREEN scores (unstandardised 3 (95%-CH3 ¢2.80; 0.07), P=0.04) and
Crosssectional 13-19yr 10, SDQ PedsQL scores by 3.35 on a scale-G00 (95% CI5.47; 1.23, P=0.002).
Confounder: SES, sex, age, BMI
Goldfield Community - 358 (27% boys) ScrT: 3 stylised items; study designed e Screen time duration was associated with lower HRQL (adjustedL6s Inclusion criteria:
(50) 2015 based, Canada. - HRQL: PedsQL standardised 36.16, p=0.009). overweight and obese
Crosssectional 14-18yr Confounder: age, sex, SES, ethnicity, e Computer time and video games were associated with lower HRQL. adolescents
BMI, PA intensity, PA duration, caloric - Study designed time
intake use instrument that
has not been
validated.
Segura Community: 684 (53%boys) Sleep: 1 stylised item; HBSC e Sleep durations of >10 hours/day in children <12 years old and >9 hours/day in
JimeneZz55) based, Spain: 95% response HRQL: HBSC adolescents were associated with reporting no health complaints (OR 2.3, P=0.005
2014 Crosssectional 6-18yr Confounder: age, sex, SES and OR 1.7, P=0.047 respectively).
Paiva(56) National sz;p_le, 3195 (46% boys) Sleep: 3 stylised item${BSC e Adolescents with sleep deprivation had lower HRQL but the effect size was smalt Limited information
2015 Portugal. 90% response HRQL: KIDSCREEN (et&=0.003; p=0.003). about actual sleep

Crosssectional 12-19yr

Confounder: no

duration
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Author (Ref) Sample; design N (% boys); Measures' Main findings Limitations
year I esponse;
Age (yr)
Tzischinsky Community 470(50% boys) - Sleep: 2 stylised items; SSHS o Weekday sleep duration was significantly correlated with HRQL (r=0.17, pk0.00
(53) 2011 based, Israel - - HRQL: PedsQL and r=0.32, p<0.001 respectively).
Crosssectional 12-16yr - Confounder: no
Gustafsson Commanity 568 (47% boys) - Sleep: 4 stylised items; HBSC e The association between sleep and HRQL was strongest in-freadblds, weaker ir - Follow-up bias
(54) 2016 based, Finlands, 63-67% response - HRQL: PedsQL the 12year olds and no association in theyHarolds.
Longitudinal 10-15yr - Stratification: age

"BMI: Body mass index, CAPANS: Child and Adolescent Physical Activity and tdutrSurvey CHIP-CE: Child Health and lliness Profile, CHQ: Child Health Questionnaire, CHLUGDIld Health Utility 9D, COOP:
Cooperative Functional Assessment Charts;3PQEuroQoL five dimensions questionnaire,-HAS: EuroQoL Visual Analogue Scale, HBSC: HealthhRviour in Schoehged Children, IPAQ: International Physical
Activity Questionnaire, KLO: Kessler Psychological Distress Scale, KIGGS: German Health Inteamig Examination Survey, MoMBAQ: MoMo physical activity questionnaireA: Physical Activity PASS: Physical
Activity in Scottish Schoolchildren, PedsQL: Pediatric Quality & Lhventory, QAPACE: Quantification de I'Activite Physique en Altitude CheZ&lefantsSB: Sedentary Behaviour, ScrT: Screen TiBBQ: Strengths anc
Difficulties Questonnaire, SES: Socioeconomic status, SPAN: School Physical Activity antidwtSRH: SelfRated Health, SRMH: SeRated Mental Health, SSHS: School Sleep Habits SuywejOQOL-BREF: WHO
Quality of Life-BREF

" Dietary pattern i \Weight status v SES Socioeconomic Status VSex ¥I Physical activity (not timeelated)
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FIGURES

3205 papers identified through
c database searching
-% e 1094 papers from Medline
1S, e 363 papers from Embase
% * 381 papers fr;am Psyct:)Infod 5 additional papers identified
2 e 1367 papers from PubMe through other sources
2
%, 2781 papers after duplicates | 2751 papers excluded
] removed and assessed for g e Incorrect age

eligibility range
e Clinical
l population

S e Not time use
E 29 studies included in variables
Q synthesis e Systematic review

Figure 1. Progressthrough the stages of study selection
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Appendix 1. Search history in Medline

1.

10.

11.

12.

13.

14.

15.

16.

((time adj3 (use*1 or usage)) or leisure or chore*1 or (social ad;
interaction*1)).tw,kf,hw
(sitting"or sedentary or screentime or (screen adj time) or TV or television or
computer®1 or videogame* or (video adj game*1)).tw,kf, hw.
(play or sport*1 or physical activit® or exercise).tw,kf,hw.
sleepstwikf.
*sleep/'or *sleep deprivation/ or exp *sleep stages/
exp *Exercise/ or exp Internet/
*Sedentary Lifestyle/
*'Quality“of Life"/
(quality adj3 life).tw,kf.
(diary or.diaries or (self adj report®) or scale*1 or instrument*1 or survey*1 or
questiennaire™).tw,kf.
eéxp-"'Surveys and Questionnaires"/
(child* or adolescen* or youth*1 or pediatric* or paediatric*).tw,kf, hw.
px.fsq
health'status/
(lor2or3ord4orSor6or7)and (8 or9)and (10 or11)and 12 and (13 or 14)

limit 15 to (english language and last 10 years) Results: 1094
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