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Abstract

Background

Reducing sitting time as well as increasing physical activity in inactive people is beneficial
for their health. This paper investigates the effectiveness of the European Fans in Training
(EuroFIT) programme to improve physical activity and sedentary time in male football fans,
delivered through the professional football setting.

Methods and findings

A total of 1,113 men aged 30+65 with self-reported body mass index (BMI) 27 kg/m?
took part in a randomised controlled trial in 15 professional football clubs in England, the
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Netherlands, Norway, and Portugal. Recruitment was between September 19, 2015, and
February 2, 2016. Participants consented to study procedures and provided usable activity
monitor baseline data. They were randomised, stratified by club, to either the EuroFIT inter-
vention or a 12-month waiting list comparison group. Follow-up measurement was post-pro-
gramme and 12 months after baseline. EuroFIT is a 12-week, group-based programme
delivered by coaches in football club stadia in 12 weekly 90-minute sessions. Weekly ses-
sions aimed to improve physical activity, sedentary time, and diet and maintain changes
long term. A pocket-worn device (SitFIT) allowed self-monitoring of sedentary time and daily
steps, and a game-based app (MatchFIT) encouraged between-session social support. Pri-
mary outcome (objectively measured sedentary time and physical activity) measurements
were obtained for 83% and 85% of intervention and comparison participants. Intention-to-
treat analyses showed a baseline-adjusted mean difference in sedentary time at 12 months
of i1.6 minutes/day (97.5% confidence interval [CI], i14.3+11.0; p=0.77) and in step
counts of 678 steps/day (97.5% ClI, 309+1.048;p 0.001) in favor of the intervention. There
were significant improvements in diet, weight, well-being, self-esteem, vitality, and biomark-
ers of cardiometabolic health in favor of the intervention group, but not in quality of life.
There was a 0.95 probability of EuroFIT being cost-effective compared with the comparison
group if society is willing to pay £1.50 per extra step/day, a maximum probability of 0.61 if
society is willing to pay £1,800 per minute less sedentary time/day, and 0.13 probability if
society is willing to pay £30,000 per quality-adjusted life-year (QALY). It was not possible to
blind participants to group allocation. Men attracted to the programme already had quite
high levels of physical activity at baseline (8,372 steps/day), which may have limited room
for improvement. Although participants came from across the socioeconomic spectrum, a
majority were well educated and in paid work. There was an increase in recent injuries and
in upper and lower joint pain scores post-programme. In addition, although the five-level
EuroQoL questionnaire (EQ-5D-5L) is now the preferred measure for cost-effectiveness
analyses across Europe, baseline scores were high (0.93), suggesting a ceiling effect for
QALYs.

Conclusion

Participation in EuroFIT led to improvements in physical activity, diet, body weight, and bio-
markers of cardiometabolic health, but not in sedentary time at 12 months. Within-trial analy-
sis suggests it is not cost-effective in the short term for QALYs due to a ceiling effect in
quality of life. Nevertheless, decision-makers may consider the incremental cost for increase
in steps worth the investment.

Trial registration
International Standard Randomised Controlled Trials, ISRCTN-81935608.
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Author summary

Why was this study done?

- Gender-sensitiselifestylechangeprogrammesn aprofessionasportsettingarean
excitingdevelopmenin men'shealthpromotion, with the potentialto engagenenwho
areunderservedy mostprogrammes.

- A healthylifestyleandweightmanagemenprogrammedeliveredn professionasport-
ing settinggFootballFansin Training [FFIT]) hasbeenshownto beeffectiveandcost-
effectivan deliveringlong-termweightlossin overweightand obeseScottishfootball
fans.

- Wedrewon the successf FFIT to developand evaluateéhe EuroFIT programmein
four Europearcountries Wheread=FIT introducedphysicalactivityanddietarychange
for weightloss EuroFITfocusedn increasingphysicalactivityandreducingsedentary
time asdesirableoutcomesn their own right.

What did the researchers do and find?

- We conductedarandomisedcontrolledtrial ( = 1,113)in 15footballclubsin four
countriesand showedhat the EuroFIT programmewaseffectivein increasingobjec-
tively measureghysicalctivity but not sedentaryime 12monthsafterbaseline.

- EuroFIT participantsalsoshowedmprovementsn diet, bodyweight,indicatorsof car-
diometabolichealth,well-beingand othersecondarputcomes.

- EuroFITwasnot cost-effectivén the shortterm becauséherewereno differencesn
quality of life becausegn the measuraveused participantsalreadyhadhigh levelsof
quality of life atbaseline.

What do these findings mean?

- Gender-sensitiselifestyleprogrammedieliveredn professionatootballclubshave
showngreatpromisein Europeand could playanimportant public healthrolein engag-
ing underserveanen.

- Changingtime spentsedentanproveddifficult. Futurelifestyleinterventionstudies
shouldattemptto ensurethat participantsunderstandhedistinction betweerbeing
more physicallyactiveand spendingmoretime upright.

Introduction

Physicahctivityisimportantin preventingchronicdiseasesncluding cardiovasculadisease,
type2 diabetesandseveratancerg1,2]. Globalrecommendation$rom the World Health
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OrganisationWHO) adviseatleastl50minutesperweekin moderate-to-vigorouphysical
activity. Recenestimateshowthat nearlyonethird of adultsworldwidedo not meetthese
recommendationsind around9%of prematuredeathsvorldwidein 2008canbeattributedto
lackof physicalctivity [2]. Not meetingthe WHO physicalctivityrecommendationgosts
healthcaresystemglobally53.8billion internationaldollars(INT$), with anadditionalindi-
rectcostof INT$13.7billion [3].

Sedentarpehaviouthasrecentlybeenshownto beassociate@ith all-causeand cardiovas-
cularmortality, independentlyof physicalactivity [4]. Sedentarpehavioulis definedasany
wakingbehavioutin asitting, reclining,or lying posturewith energyexpenditure1.5 meta-
bolic equivalentask§yMETSs)[5]. A meta-analysifasshownthatinterventionsfocusingpri-
marily on physicalactivity havelittle effecton sedentanpehaviour{6], andaspecificfocuson
sedentanpehaviouris neededo achievesubstantialmprovementsn sedentanpehaviour.
Combiningsuchaspecificfocuson sedentanpehaviourin alifestyleinterventionprogramme
with afocuson both physicalactivityanddietis novel,and giventhe contribution of all three
behaviourgo the burdenof theworld'sleadingnoncommunicablaliseasesuchapro-
grammecouldhavea substantiapublic healthimpact.

Men areoftenunderrepresentedh behaviouralifestyleinterventionsandareconsidered
ahard-to-reachandunderservedroup[7]. However manymenleadanunhealthylifestyle
andareathighrisk for developinghoncommunicablaliseasedt hasbeensuggestethat of
all facetsf healthpromotion, physicalactivity might bethe mostlikely behaviourto engage
menwith their health.A systematiceviewhasidentified gender-sensitisephysicalactivity
programmessakeydevelopmentn men'shealthpromotion, with the potentialto engage
hard-to-reachmen.Thereviewalsoreportedthat all four identified studieshatinvolved
menengagingn physicalactivitywith othermenthrough professionasportsresultedn
increaseghysicalactivity [8]. Gender-sensitisephysicalactivity programmegor menmay
alsoprovideusefulstrategiesn promoting otherareaf men'shealth.Another systematic
reviewconcludedhat weightlossand maintenancdor menis bestachievedvith interven-
tionsincreasingphysicalactivity andimproving diet while usingbehaviourchangeech-
niques[7].

Achievingsustainabléealthbehaviourchanges challengingandat-risk population
groups,ncluding overweightand/orinactivemen,aredifficult to engageandunderserved.
The ScottishFootballFansin Training (FFIT) lifestyleprogrammewasdesignedo attract
overweighimenandenablehemto loseweightthroughimprovementsn physicalactivity
anddiet. FFIT wasshownto becost-effectivén supportingclinically significantweightloss It
alsosignificantlyimprovedself-reportecphysicalactivity anddiet at 12 months[9], and
improvementsverepartially maintained42 monthsafterbaselind10]. The multi-country
EuropearFansin Training (EuroFIT) programmeshiftedthe focusfrom weightlossto
improving physicaklctivityandsedentargime [11]. Like FFIT, EuroFIT usegheallegiance
manyfanshaveto their footballclubto attractat-risk mento agroup-basedifestylechange
programmedeliveredn their clubs.

This paperdescribesheresultsirom the randomisedcontrolledtrial thataimedto evaluate
the effectivenessf the EuroFIT lifestyleprogramme The primary aim of thetrial is to deter-
mine whetherEuroFIT canhelpmenaged30+65yearswith aself-reportecdbody massndex
(BMI) 27 kg/m?to increasebjectivelyassessephysicakctivityanddecreasebjectively
assesseskdentaryime overa 12-monthperiod. Secondarputcomef thetrial includecost-
effectivenes$pod intake,bodyweight,BMI, waistcircumferencerestingsystolicand diastolic
blood pressurecardiometaboliblood biomarkerswell-being self-esteemyitality, and quality
of life.
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Materials and methods
Studydesign

We undertooka pragmatictwo-armrandomisedcontrolledtrial in 15professionafootball
clubsfrom leaguedn England(five clubs),the Netherlandgfour clubs),Norway (threeclubs),
and Portugal(threeclubs).Studyparticipantswererandomisedo receivethe interventionor
awaiting list comparator(1:1),stratifiedby club. The studyprotocolis published11].

Recruitmentand participants

Footballclubswereselectedby contactingclubsknown by the studyteamto belikely to be
interestedn taking part. We soughtaminimum of threeandamaximumof fivein each
country,andthefirst 15clubsthat signedup wereincluded.ClubswereArsenal Everton,
NewcastleManchesteCity, and Stoke(England);Ado denHaag,Groningen,Philips Sport
Vereniging(PSV),andVitessgthe Netherlands)RosenborgStr msgodsetandV lerenga
(Norway);andBenficaPorto,and Sporting(Portugal).

Footballclubsledrecruitmentof participantsusingemailedinvitationsto fans the club
websitesocialmediaposts featuresn localpressand match-dayrecruitment.

Participantgegisterednterestonline, providing contactdetails,age self-reportecheight
andweight,andpreferredfootballclub. A follow-up telephonecallincludedthe adaptedPhysi-
calActivity ReadinesQuestionnaire-Plugiuestionnaird PAR-Q+)[12], previousparticipa-
tion in healthpromotion programmesat the club,and askingif menwerewilling to consento
randomisationandto wearingan activity monitor for 1 weekat baselineandagainatboth fol-
low-up assessment®n the consenform, menhadthe opportunity to optinto providing
blood samplestthe baselineandthe 12-monthfollow-up measurements.

Men wereeligibleif theywereaged30+65hadaself-reportedBMI of 27 kg/m? andcon-
sentedo studyproceduresMen wereexcludedf theyreporteda contraindicationto moder-
ateintensity physicalctivityin the PARQ+or participationin anexistinghealthpromotion
programmeatthe club, or did not provideatleast4 daysof usableactivity monitor dataat
baseline.

Randomisationand masking

Participantavererandomlyallocatedo interventionor comparisongroupsfollowing baseline
measuremenfTheallocationsequencéor eachfootballclub wasgeneratedy acomputer
programmewritten by a statisticiamnot involvedin thefinal analysisThe sequencavasgener-
atedusingrandomisedpermutedblocks stratifiedby club, with blocklengthsof 4 and 6, at
random.Thesequencevassecurelystored,with accessestrictedto thoseresponsibldor
maintainingthe randomisationsystem.

Trial coordinatorsaccesserhndomisationallocationviaasecureonline portal. They
informed participantsby telephoneand emailwhethertheyhadbeenallocatedo startthe
EuroFIT programmemmediately(the interventiongroup) or to undertakethe programmel2
monthslater (the waiting list comparisongroup). It wasnot possibldo maskparticipantsor
thefieldwork teamto allocation but the primary outcomemeasurementsould not be
accessehy either,andallocationwasnot known by studystatisticiansuntil afterdatabase
lock.

Interventions

EuroFITwasprimarily designedo supportmento becomemore physicallyactive reduce
their sedentargime, andmaintainthesechangeso atleastl2monthsafterbaselineDietary
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changewasalsointroducedfor thosewho wantedto loseweight. The programmewasdeliv-
eredat club stadiato groupsof 15£20menover12weekly 90-minutesessionghat combined
interactivelearningof behaviourchangdaechniqueswith gradedgroup-basegbhysicakctivity.
A reunion meetingwasscheduled+9monthsafterthe startof the programme To facilitate
groupbondingandteamspirit, the samegroup of 15+20menwereexpectedo attendat the
sameime eachweek.

Detailsof the EuroFIT programmearepublishedjncluding adescriptionof the pro-
grammein thetemplatefor interventiondescriptionandreplication(TIDieR) [13]. In brief,
wedevelopedietailedmanualsfor coachesnd participantsandtrainedclub coachesver
2 daysto deliverprogrammecontentin anappropriateandaccessiblstyle. Thisincluded
encouragingpositivebanter,makingsessiongnjoyablepromoting a ‘team'environment,
andusinginteractionalstylescongruentwith other (predominantly)malecontextq14]. The
programmeaimedto work with ratherthanagainsipredominantconstructionsof masculin-
ity [9,14]whilst supportinglifestylechangeSomeelementge.q. tipsto changediet or
increasehysicalactivity) wereadaptedo country-specifimorms.Coachesveretaught
abouttheimportanceof warm-upactivitiesto preventinjuries,andthe programme
includedthe F&lération Internationalede FootballAssociation(FIFA) 11+programme
[15]. Coachesaughtparticipantsto chooserom atoolbox'of behaviourchangeechniques
(including settingandreviewinggoalsfor behavioursand outcomesactionplanning,self-
monitoring, andinformation abouthealthandemotionalconsequencesf changeandto
emphasis@ersonallyrelevantbenefitsof behaviourchangge.g. beingbetterableto fulfil
valuedactivitiesandroles).Thesebehaviourchanggechniqueavereofferedastoolsfor
mento usefor howeverongtheyfound themusefulandto encouragenento developinter-
nalisedandself-relevanmotivation for becomingmoreactive sittinglessandeatinga
healthierdiet [16].

We developedinovelpocket-worn,validateddevice(SitFIT) [17] to allowself-monitor-
ing of sedentaryandnonsedentaryime (time spentupright[18]), in additionto daily steps
(S1Appendix).In thefirst weekof the programmemenweretaughthowto measurehe
time theyspentupright andthe numberof stepgheytakeeachweekasabaselineln the sec-
ond andsubsequeniveekstheywereencouragedo follow anincrementalprogrammeto
setweeklygoalsto slowlyincreasehe numberof stepsandtime spentupright eachweek,
andto usethe SitFITto monitor their progresdo thesegoals Evidenceon the useof self-
monitoring devicedor physicalactivity afterparticipationin the FFIT programmesuggests
thatalthoughsomecontinuedto find themusefulin thelongterm, othersdo not, aswalking
andotherphysicalactivitywasembeddedn everydayife without self-monitoringbeingnec-
essary19].

EuroFIT alsoexplicitly encouragedetween-sessicemd post-programmepeersupportfor
changingbehaviourthroughinteractingwith eachotherusinga socialmediaplatform mostof
themwerefamiliar with (e.g. WhatsApp,FaceboolGroups).Theywerenot givenspecific
instructionson the contentof interaction;coachesould decidewhetheror not theypartici-
patedin theinteractions Between-sessiaroup socialsupportwasalsoencouragedising
game-basedocialinteractionwith the MatchFIT app(S1Appendix).MatchFIT allowedpar-
ticipantsto contributetheir weeklystepgo their group'scollectiveaveragetepcountand
compareit with that of avirtual competitorteam.Coachencouragedhe useof MatchFIT as
ameandor participantsto supportoneanotherastheypursuedincrease# their stepcounts,
but did not themselveparticipate Programmematerialsareavailablehroughrequestat
http://eurofitfp7.eu/impact/eunfit-programme/.
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Procedures

A fieldwork teamcollectedoutcomedataat baselinepost-programmeandafter 12monthsin
clubstadiaTheyscheduledeparateneasuremensessionfor interventionand comparison
groupspost-programmeo minimise contamination.For participantswho consentedo bio-
markerassessmentyetook avenousblood sampleat baselineand 12 months,after6 hours
fasting.

To maximiseattendancend retention,we madeappointmentsby telephonegconfirmedby
emailor letter,andsentshortmessagservic SMS)reminders We scheduleddditional
measurementsitherin stadiaor athomeasneededbut almostall menattendedheregular
measuremensessiondNe recordedsociodemographicharacteristicgage ethnicity,educa-
tion, marital statuscurrentemploymentstatusandincome)at baseline.

In thanksfor their participationin the researchweofferedaclub storevoucherfor the
equivalenof °25atpost-programmend °75atthe 12-monthmeasurements.

Primary outcomes. Thetwo primary outcomesneretotal physicalactivity (stepgperday)
andtotal sedentaryime (minutesper day),objectivelyneasured 2 monthsafterrandomisa-
tion usingthe activPALmonitor (modelactivPALmicro; PAL TechnologiesGlasgowlnited
Kingdom). TheactivPALhasbeenfound to havegoodmeasuremenpropertiesto assessit-
ting, standing steppingand posturaltransitionsin adults[20+£22].

TheactivPALis asmallactivity monitor attachedo thethigh andworn for 7 consecutive
full days At thefirst of two on-sitebaselinerisits, participantswereshownhowto fit the activ-
PAL andhowto refit it afterremoval.Theywereaskedo wearthe devicecontinuously except
during water-immersingactivities(e.g. swimming,bathing).Participantseturnedapproxi-
mately9 dayslaterfor the secondon-sitebaselinevisit, during whichthe activPALwas
removedandthe dataweredownloadedn acomputer.Post-programmeandat 12 months,
researcherpostedpreprogrammedactivPALdevicego participants10+12daysbeforestadia
measuremensessionslongwith reminders.The standardoperatingprocedurefor preparing
activPALdatafor analysidgs availablén S2Appendix.

Intervention fidelity, attendance and experience. To assesBdelity acrossll clubs,
researchersbservedieliveryof the fourth EuroFIT sessiorandrateddeliveryof sixkeyactivi-
tieson a3-point scalg1 = activity not delivered 2 = activity adaptedand 3 = activity deliv-
ered)andthe proportion of activitiesthat scored3 wascalculatedCoacheseportedweekly
attendancento asecureonline portal. A post-programmejuestionnaireaskedntervention
participantsto ratetheir overallexperiencef the EuroFIT programmeon a 10-pointscaleand
to ratehowmuchtheyusedSitFIT and MatchFIT on ascaleof 0+4,whereOwas notatall’,
and4 was agreatdeal'.

Self-reportedbehaviouraloutcomes. Self-reporteghysicalactivity wasassesseaasing
theInternationalPhysicalActivity QuestionnairgShortForm) (IPAQ) [23], self-reportedsed-
entarytime usingthe Marshallquestionnairg24], frequencyof physicallyactivechoiceausing
the Activity Choicelndex[25], self-reporteddiet usingan adaptedietary Instrumentfor
Nutrition Education(DINE) [26], andalcoholintakeusinga 7-dayrecallquestionnaire.

Objectivelymeasuredsecondaryoutcomes. Bodyweightwasmeasuredisinganelec-
tronic flat scalg TanitaHD366)with light clothing.Bodyheightwasmeasuredat baselineonly
without shoesusinga stadiomete(LeicesteHeight Measure)BMI wascalculatedasbody
weight(kilograms)divided by the squareof body height(meters)(kg/m?). Waistcircumfer-
encewasmeasuredwice (threetimes,if thefirst two measurementdifferedby 0.5 cm)
usingatapemeasurgSec&®01),andthe meanwascalculatedverthe nearestwo measure-
ments.Blood pressurevasmeasuredvith ablood pressuranonitor (Omron 705-CPll)after5
minutessitting still.
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Bloodsamplesverestoredat 4 ECand processeavithin 24hours,andthenfrozenat
80 ECBiochemistrytestsfor fastingglucosetotal cholesterolhigh-densitylipoprotein cho-
lesterol triglyceridesgamma-glutamytransferaséGGT), aspartateminotransferaselanine
aminotransferas@ALT), hemoglobinAlc (HbAlc) (c311 RocheDiagnosticsBurgesdill,
UK), andinsulinimmunoassay&411RocheDiagnosticsBurges#ill, UK) wererun on clin-
ically validatedautomatedplatforms.All testsusedmanufacturersteagentscalibratorsand
quality-controlmaterials All coefficientsof variationfor quality controlswere<5%. Homeo-
stasignodel-estimatedhsulin resistancéHOMA gr) wascalculatedasfastingplasmaglucose
(mmol.I*) fastingplasmansulin (mU.1*)/22.5[27].

Self-reportedhealth and psychosociabutcomes. Participantgatedtheir well-being
usingthe Cantril ladder,self-esteemsingthe 10-itemRosenbergelf-esteemuestionnaire,
vitality usingthe subjectivevitality scaleand health-relatedjuality of life usingthefive-level
EuroQoLquestionnairdEQ-5D-5L).EQ-5D-5Lutility weightswereestimatedisingthe
Englishvalueset[28]. Quality-adjustedife-yearg QALY s)werecalculatedby multiplying the
utility weightswith theamountof time aparticipantspentin aparticularhealthstate Transi-
tions betweerhealthstatesverelinearlyinterpolated Participantsalsoreportedjoint painand
anylong-standinglinessesdisabilities or infirmities. Questionnairegareavailablén S3+S5
Appendices.

Adverseevents. Seriousadverseventg SAEsweredefinedasanyinjury or newlydiag-
nosedhealthcondition arisingduring thetrial studyperiodthatledto hospitalisatioror pro-
longedmedicalattention,wasimmediatelylife threatening or fatal. Eventswerereportedby
coache®r participantsby emailor telephoneand during follow-up measurementhenfol-
lowedup by telephoneo gatherfurther details.Thelikelihood of aneventbeingrelatedto
EuroFIT wasassessduly participantsandresearctstaffand arbitratedby the DataMonitoring
andEthicsCommittee.

Costs. Costsweremeasuredrom the societaperspectivandincludedprogrammedeliv-
ery,healthcarautilisation, medicationuse andabsenteeisrfrom work. Unit costd£, 2016)
from the UK wereusedto valuehealthcarauitilisation andabsenteeisri?9,30].Programme
deliverycostswerecalculatedisingcostsreportedby participatingfootballclubs(i.e.,prepara-
tion, coordinationandadministration,recruitment,programmedeliveryandstaffing,and
materials) Costsfor non-UK footballclubsanduniversitiesvereconvertedo British pounds
usingpurchasingpowerparities[31].

Samplesizecalculation

With two primary outcomessamplesizecalculationsverebasedn achieving@0%powerata
2.5%significancdevel.In orderto detectan effectsizeof 0.25standarddeviation(SD) units, a
samplesizeof 399pergroupwasrequired.For physicalactivity (SDapproximatelyt,000steps
perday),this equateso anaveragéncreasef 1,000steps/dayt-or sedentaryime (SDalmost
100minutes/day[32]), this equateso anaverage&lecrease sitting time of 25minutes/day.
To achievealmost800menwith outcomedataat 12 months,weestimatedvewould needto
randomisel,000participants.

Statisticalanalysis

Continuousdataaresummarisecasmeanand SD,medianandinterquartilerange(IQR), or
meanandstandarderror (SE)for multiply-imputed datain the cost-effectivenesmalyses.
Categoricatiataaresummarisedsfrequenciesnd percentage©utcomegost-programme
andat 12monthswereanalyzedisinglinear mixed-effectsegressionmodels adjustedor
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randomisedyroupandbaselinesalueof the outcomemeasureasfixed effectsandfootball
clubandcountry asrandomeffectsModel residualdistributionswereexaminedgraphically,
anddataweretransformedasnecessanAll analysesvereintention-to-treat.

Baselinalataweresummarisedy randomisedyroupandfor thosewho did or did not pro-
videoutcomeactivPALdataat the post-programmeand 12-monthassessmepibints,to assess
therepresentativenesd thosewho providedoutcomedatafor analysis.

Sensitivityanalysesverecarriedout for analysesf the two primary outcomesandfor
bodyweight:(a) multiple imputation of missingbaselinadata,(b) repeatedneasuresnaly-
sis,usingdatafrom all threetime pointsin the samemodel,and(c) analyse$o accountfor
wakingweartime (the duration for which the activPALdevicewasworn whilst the partici-
pantwasawake).

Forrepeatedneasuresnalysegjatafrom all threetime points (baselinepost-programme,
and 12months)wereincludedasoutcomesfixed effectavereincludedfor randomisedgroup,
time point, footballclub,andarandomisedgroup-by-timeinteraction.A randompatrticipant
effectwasincluded,andageneralunstructured)covariancestructurewasallowedfor model
residualsacrosghethreetime points.Interventioneffectsat post-programmeand 12 months
wereestimatedusingthe interactiontermsfrom thesemodels.

Two methodswereusedto accountfor wakingweartime. First, the primary analysisnod-
elswererepeatedisingthe meannumberof stepgperhour andthe percentagef wakingtime
spentsedentanasoutcomevariablesSecondthe repeatedneasureanalyseslescribedabove
wererepeatedvith wakingweartime includedasafixed effect.

For the primary outcomesandweightat 12 months,interventioneffectheterogeneityvas
assessduy extendingthe regressionmodelsto includegroup-by-moderatointeraction
terms.Moderatingfactorsconsideredvereage marital statusyearsof educationemployment
statusjncome,club,country,baselindBMlI, long-standingliness,andpainin upperand
lowerjoints.

All -valuesaretwo-sided.Forthe primary outcomes,-values<0.025areconsideredsta-
tisticallysignificant.For all otheranalysesio adjustmenthasbeenmadefor multiple compari-
sonsand -values<0.05 areconsideredsuggestivef true associationsl he statisticabnalysis
planis providedin S1AnalysisPlan.

Cost-effectivenesanalysis

We usedmultiple imputation, usingpredictivemeanmatchingto accountfor the skewedlis-
tribution of coststo impute missingcostsand effectsWe constructed20imputeddatasets
(lossof efficiency <5%). Mixed-effectgegressiommodelsestimatedeffectdifferencesandlin-
earregressionmodelsestimatectostdifferencesWe calculatedncrementalcost-effectiveness
ratios(ICERs)by dividing the costdifferencebetweertheinterventionand comparison
groupsby the effectdifference Statisticalincertaintywasestimatedusingbias-correcteénd
acceleratethootstrappingwith 5,000replicationsand plotted on cost-effectivergsplanes.
Cost-effectivenesmalysi{CEA) curvesshowthe probability that the EuroFIT programme
wascost-effectiveomparedwith the comparisongroupfor arangeof differentceilingratios.
Theceilingratio is theamountof moneysocietyis willing to payfor oneunit of effectextra.
Thisceilingratio is setatamaximumof £30,00er QALY by the NationalInstitute for Health
andCareExcellencéNICE). However for othereffectmeasuregsuchasstepserday),such
predefinedceilingratiosarenot available.

A sensitivityanalysiconsideredtost-effectiveneseom the healthcargorovider'sperspec-
tive (i.e.,excludingabsenteeisroosts) We alsoperformeda completecaseanalysigo examine
if imputationinfluencedour results.
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Public involvement

Membersof the public who hadexperiencef similar programmesveremembersof our Stra-
tegicPartnersAdvisoryBoardand Trial SteeringCommitteeandshapedhe developmenbf
the protocol.Others,who hadno previousinvolvementin similar programmesandwere
recruitedthroughparticipatingfootballclubs,advisecbn the developmenbf the EuroFIT pro-
gramme specificallyin commentingon prototypesof the SitFIT deviceand MatchFIT app.
Theyalsocommentedbn trial proceduresn atestof our measuremenproceduresindertaken
beforebaselineneasurement.

Ethicsapprovaland consentto participate

Thestudywasapprovedn eachcountry by localethicscommitteesbeforethe startof the
EuroFIT study(ethicscommitteeof the VU UniversityMedicalCenter[2015.184]Regional
committeedor medicalandhealthresearctethics Norway[2015/1862]EthicsCouncil of
the Facultyof Human Kinetics,Universityof Lisbon[CEFMH 36/2015]and EthicsCommit-
teeatthe University of GlasgowCollegeof Medicine,Veterinaryand Life ScienceflUK]
[200140174])Written informed consento participatein the studywasbeobtainedfrom all
participants.

Data access

SW,CB,EA,MNS, FvN, SK,JJSK,PMcS, R, GCR,AMcC, HvdP hadfull acces$o the data.
All otherauthorscontributedto datainterpretation.

Transparencydeclaration

Theleadauthor (SW) affirmsthat this manuscriptis anhonestaccurateandtransparent
accountof the studybeingreported;that no important aspect®f the studyhavebeenomitted;
andtherewereno deviationsrom protocol.

Thetrial isregisteredn the InternationalStandardRandomisedControlled Trials registry
asISRCTN32677491.

Results

ParticipantsvererecruitedbetweerSeptembe 9,2015,and February2,2016 Participant
flow throughthetrial is shownin Fig 1. Main reasongor exclusionfor menwho showed
interestin thetrial wereBMI <27 kg/m? (42.4%)jnability to reachmenaftertheyexpressed
interest,mennot beingapproachedecaus¢he studyhadreachedhe maximumnumberof
participantsataclub (39.3%)Participantsspannedll sociodemographigroups,but amajor-
ity were native'to the studycountry (meaningeachof the participant,their mother,andtheir
fatherwasborn there),hadatleastl2yearsof educationwerein full-time work, andwere
marriedor living with apartner(Tablel). At baselineparticipants’'meandaily stepcountwas
8,372steps/daysedentaryime was625minutes/day and BMI was33.2kg/m?.

Thosewho providedoutcomedata(i.e.,thosewho returnedactivPALmonitors with at
least4 valid daysof measurementsyere,on averageapproximately?2 yearsolderthanthose
whodid not, andslightlymorelikely to bemarried (S1TablesTableA). Therewasno clear
differencein incomein thosewho providedoutcomedata,nor in ethnicity,education,
employmentpr prevaleniong-standingllness.In termsof baselineneasuresf studyout-
comegS1TablesTableB),thosewho providedoutcomeweregenerallymore activeandless
obesatbaselinecomparedwith thosewho did not provideoutcomedata.Thisisacommon
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Fig 1. EuroFIT trial flowchart. BMI, bodymassndex;EuroFIT,EuropearFansn Training; PARQ+,Physicalctivity Readines
Questionnae-Plus.

https://bi.org/10.137Aournal.pmed 002736.g001

featureof lifestyleinterventionstudiesjn whichthosewith the poorestifestylearehardesto
engagen research.

We observedieliveriesnf thefourth sessiorin 14/15clubs.In thesecoacheslelivered221
of 252(88%)keytasks Coachein eachof the 15clubsprovidedattendanceecordsfor 553
programmeparticipantsof these473men (85.6%attendedat least6 of the 12 session296
(53.5%attendedlOor more sessionsand 85(15.3%)attendedall 12sessiondntervention
participantsratedtheir overallexperiencef the EuroFIT programmepositively producinga
medianscoreof 9 on a10-pointscalglQR 8, 10;70missing).Askedto reporttheir useof the
SitFITandMatchFIT,65.1%of interventionparticipantsreportedtheyusedthe SitFI T “agreat
deal'(scored on ascaleof 0+4)and 36.8%reportedtheyusedMatchFIT “agreatdeal'.

Theinterventiongrouphadahighermeandaily stepcountat 12 monthsthanthe compari-
songroup (estimatedlifference 678steps/day97.5%confidencanterval (Cl), 309+1,048],

< 0.001) Therewasno evidenceof adifferencebetweergroupsin sedentargime (estimated

difference:1.6 minutes/day[97.5%Cl, 14.3£11.0], =0.77)(Table2).In post-programme
measurementargerbetween-grouglifferencesn stepcounts(estimatedifference1,208
steps/day95%Cl, 869+1,546]and sedentaryime (estimatedlifference:14.4 minutes/day
[95%CI, 25.1 to 3.8]) wereobservedFig?2). Sensitivityanalysesisingmultiple imputations,
adjustingfor activPALweartime andrepeatedneasureanalysisshowedoroadlysimilar
results(S1TablesTablesC,D andE).

Datasummariedor participantswho provideddataat both baselineand post-programme,
or baselineand12months,areprovidedin S1TablesTablesandG.

Therewasno evidencehatimprovementin physicalactivity at12monthsvariedby age,
marital statusyearsof educationemploymentstatusjncome,club, country, baselineBMI,
long-standinglinessor painin upperandlowerjoints. Therewasasignificantinteraction
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Tablel. Baselinesociodemogaphic characterigics of participants allocatedto the EuroFIT programmeimmediately (Intervention) or after 12 months (Compari-
son). Dataaremean(SD),or (%). (missing)arereportedwherenecessary.

Sociodemgraphic characterigics Intervention ( =560) Comparison( =553)
Age (years) 45.9(9.0) 45.6(8.7)
“Native'to study country (participant, mother, and father born there) 552(8) 545(8)
501(90.8%) 482(88.4%)
Yearsof Education 552(8) 544(9)
<12 years 137(24.8%) 119(21.9%)
12+15years 205(37.1%) 216(39.7%)
16+years 210(38.0%) 209(38.4%)
Employment status 551(9) 543(10)
Working full time 450(81.7%) 432(79.6%)
Working part time 32(5.8%) 43(7.9%)
Not working (unable) 27(4.9%) 27(5.0%)
Not working (other) 42(7.6%) 41(7.6%)
Income® 552(8) 545(8)
Category1 (low) 36(6.5%) 28(5.1%)
Category2 88(15.9%) 100(18.4%)
Category4 137(24.8%) 132(24.3%)
Category5 (high) 127(23.0%) 123(22.6%)
Don't know 7(1.3%) 11(2.0%)
Rathernot answer 44(8.0%) 29(5.3%)
Relationship status 552(8) 545(8)
Married/living with Partner 439(79.5%) 447(82.0%)
Other 113(20.5%) 98(18.0%)
Long-standingillnesses 558(2) 549(4)
No 327(58.6%) 345(62.8%)
Yes,not limitin g 145(26%) 144(26.2%)
Yes,limiting 86(15.4%) 60(10.9%)

#Country-sgecificquintiles(low, lowestquintile of incomein that country;high, highestquintile of income)
Abbreviatiors: EuroFIT,Europearfansin Training; SD,standarddeviation.

https://da.org/10.137 1§urnal.pned.1002736.101

betweerthe effectof the programmeon sedentargime at 12 monthsandlimiting long-stand-
ingillness( =0.034)sothatthosewith limiting long-standinglinessincreasedheir seden-
tary time. Therewasno evidenceof anyotherinterventioneffectdifferencedetween
subgroupgS1Fig,FigureA andB).

Meanbodyweight,BMI, waistcircumferenceandthe proportion of participantswith BMI
30 kg/m?allimprovedsignificantlyin favorof theinterventiongroup(Table3). Theinter-
ventioneffecton bodyweightvariedby baselindBMI (interaction < 0.001)with greater
effectsseenin thosewith largerBMI atbaselind S1Fig, FigureC).

All self-reportecbehavioursincluding diet,improvedpost-programmendat 12 months
in favorof theintervention,excepialcoholintake,whichimprovedonly at 12months
(Table4).In contrastto objectivemeasurementself-reportedsitting time at 12 monthssignif-
icantlydecreaseth theinterventiongroupcomparedwith comparison.

Theinterventionalsoimprovedseveratardiovascularisk biomarkersat 12months.Sys-
tolic anddiastolicblood pressurevereboth improved;fastinginsulinand HOMA g were
reducedby 15%;andfastingtriglyceridesand ALT and GG T concentrationsverereducedby
7%+8%Tableb).
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Table2. Objectively assessephysicalactivity and sedentarytime outcomemeasuredor participants allocatedto the EuroFIT programmeimmediately (interven-
tion) or after 122months (comparison). Dataaremean(SD).Intervention effectsestimaedaremeandifferenceg95%Cl), derivedfrom mixed-effetsregressin
models .

Measureof objectivdy assesseghysicalactivity and Intervention Comparison Intervention effect
sedentarytime Mean (SD) Mean (SD) Estimate (95%Cl)
Number of steps(stepsper day) Baseline 557 | 8,4383,211) | 549 | 8,306(3,146) | Difference
Post-programme 464 | 9,801(3,730) | 471 | 8,518(3,254) 1,208 (869+1,86) < 0.001
12months 451 | 9,234(3,530) 470 | 8,494(3,168) 678 (309+1,@8) < 0.001
Sedentantime (minutes per day) Baseline 557 621(108) 549 630(110) Difference
Post-programme 464 597(109) 471 613(105) 14.4 (25.1to0 3.8) =0.008
12months 451 612(109) 470 618(109) 1.6 (14.3+11.0) =0.772
Number of valid days(days) Baseline 559 6.7(0.6) 551 6.8(0.6) Difference
Post-programme 478 6.3(1.2) 478 6.4(1.0) 0.11 (0.25+0.02) =0.101
12months 462 6.2(1.1) 477 6.3(1.0) 0.08 (0.21+0.05) =0.224
Waking weartime (minutes per day) Baseline 557 974(69) 549 977(68) Difference
Post-progamme 464 968(70) 471 967(73) 2.24 (5.36+9.84) =0.563
12months 451 969(77) 470 969(68) 0.42 (7.63+8.48) =0.918
Standingtime (minutes per day) Baseline 557 247(87) 549 242(80) Difference
Post-programme 464 252(85) 471 247(83) 5.3 (2.6£13.1) =0.187
12months 451 244(83) 470 244(84) 3.7 (11.9+4.5) =0.376
Steppingtime (minutes per day) Baseline 557 106(37) 549 105(38) Difference
Post-programme 464 120(41) 471 108(39) 11.2 (7.6+£14.8) < 0.001
12months 451 114(39) 470 107(38) 6.0 (2.4+9.6 =0.001
Upright time (minutes per day) Baseline 557 354(108) 549 347(102) Difference
Post-programme 464 371(106) 471 354(104) 16.5 (6.8+26.2) < 0.001
12months 451 358(104) 470 351(107) 2.2 (7.9£12.2) =0.669

Cl (97.5%)eportedfor primary outcomes(12months).
All modelsof continuousoutcomeswvereadjustedor baselinescores.
Abbreviatiors: Cl, confidenceanterval;EuroFIT,EuropearFansin Training; SD,standarddeviation.

https://da.org/10.1371durnal.pred.1002736.102

Theinterventionsignificantlyimprovedself-reportedwvell-being self-esteemandvitality,
but not quality of life, asmeasuredy the EQ-5D-5Lat 12months(Table6).

Theinterventiongroupreportedmorerecentinjuries andhigherupperandlowerjoint
painscoregost-programmeandahigherlowerjoint painscoreat 12months(Table7).

Pricespercostitem andunadjustedneandifferencesn costsbetweerthe two groupsare
presentedn Table8. Costsof the EuroFIT programmedifferedbetweercountries ranging
from £189.50 £267.5er participant. Therewereno significantdifferencesn anyothercost
categoriedetweerinterventionand comparisongroupsexcepfor visitsto physiotherapists.
Therewasno statisticallysignificantdifferencein total societatosts.

Themeandifferencein QALY sbetweertheinterventionand comparisongroupwassmall
andnot statisticallysignificant(Table9). One QALY lostin theinterventiongroupwasassoci-
atedwith anincrementalcostof £126,11@omparedwith the comparisongroup.The proba-
bility of EuroFIT beingcost-effectiveomparedwith the comparisongroupwasat most0.13
for ceilingratiosup to 30,00E/QALY (S2Fig).

Oneadditionalstep/dayin theinterventiongroupwasassociatewith anincrementalcost
of £0.41comparedwith the comparisongroup (equatingto £410per 1,000extrasteps/day).
Therewasa 0.95probability of EuroFIT beingcost-effectiveomparedwith the comparison
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Fig 2. Primary outcomes(activPAL activity monitor). Model-predctedmeannumberof stepgperdayanddaily
sedentaryime, basedn repeatedneasuresegressionmodels.

https://cbi.org/10.137 1durnal.pred.100273§002

Table3. Physicalmeasuredor participants allocated to the EuroFIT programmeimmediately (Intervention) or after 12 months (comparisan). Dataaremean(SD)

or (%).Intervention effectestimatecaremeandifference®r oddsratios(95%Cl), derivedfrom mixed-effetsregressionmodels .

Physicalmeasures

Weight (kg)

BMI (kg/m?)

Waist circumference(cm)

BMI (30kg/m 2)

Lossof at least5%body weight

Baseline
Post-progranme
12 months
Baseline
Post-progranme
12 months
Baseline
Post-progranme
12months
Baseline
Post-progranme
12 months

Post-progranme
12 months

Modelsadjustedor baselineveight(kg).

All modelsof continuousoutcomeswvereadjustedor baselinescoresandall logisticregressiomodelsfor binary outcomeswereadjustedor the presencef the

measureatbaselinewith the exceptionof >5% weightloss whichwasadjustedor weightat baselineasa continuouscovariae.
Abbreviatiors:BMI, bodymassndex;Cl, confidencenterval;EuroFIT,Europea Fansin Training; SD,standarddeviation.

https://da.org/10.1371durnal.pred.1002736.103

559
500
484
559
500
484
559
502
480
559
500
484

499
483

Intervention
Mean(SD)
105.3(17.5)
102.2(16.7)
101.8(16.6)

33.1(4.6)

32.1(4.4)

32.0(4.4)
111.0(12.0)
107.3(11.9)
107.6(12.3)
398(71.2%)
320(64.0%)
308(63.6%)

109(21.8%)
121(25.1%)

550
504
501
550
504
501
550
507
503
550
504
501

504
501

Comparison
Mean(SD)
106.5(17.7)
105.8(17.5)
105.7(18.4)

33.4(4.7)

33.3(4.7)

33.2(5.0)
111.6(12.5)
110.9(12.5)
110.9(13.0)
415(75.5%)
383(76.0%)
366(73.1%)

32(6.3%)
60(12.0%)

Estimate
Difference
2.6
2.4
Difference
0.8
0.8
Difference
3.3
2.7
Oddsratio
0.3433
0.5756
Oddsratio
4.47
2.58

Intervention effect
(95%Cl)

(3110 2.1)
(3110 1.7)

(1.0 to 0.7)
(1.0 to 0.5)

(3.810 2.7)
(3.4t 1.9)

(0.23+0.4y
(0.38+0.8p

(2.91+6.8y
(1.82+3.65

< 0.001
< 0.001

< 0.001
< 0.001

< 0.001
< 0.001

< 0.001
=0.003

< 0.001
< 0.001
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Table4. Self-reportedbehaviouraloutcomesfor participants allocated to the EuroFIT programmeimmediately (intervention) or after 12 months (comparison).
Dataaremean(SD)or  (%).Intervention effectestimatecaremeandifferenceor oddsratios(95%Cl), derivedfrom mixed-dfectsregressiommodels

Self-repotted behaviouraloutcomes Intervention Comparison Intervention effect
Mean(SD) Mean(SD) | Estimate (95%Cl)
Total physicalactivity (IPAQ) (MET-minutes per week) Baseline 557 2,254 549 2,371 Difference
(2,686) (2,797)
Post- 499 3,717 505 2,741 1,020 (691+1,38) < 0.001
programme (3,307) (2,951)
12months 489 3,623 504 2,670 894 (571+1,26) < 0.001
(3,158) (2,899)
Recommemedactivity (IPAQ) (MVPA  150minutesper Baseline 557| 251(45.1%)| 549 255(46.4%)  Odds
week) ratio
Post- 499| 338(67.7%)| 505| 269(53.3%) 1.98 (1.51+2.60) < 0.001
programme
12months 489| 310(63.4%)| 504| 249(49.4%) 1.90 (1.45+2.49) < 0.001
Sitting time (Marshall) (hours per day) Baseline 552| 11.3(4.4) | 545 11.2(4.0) | Difference
Post- 490, 10.4(4.0) | 495 11.3(4.1) 0.85 (1.31to 040) < 0.001
programme
12months 487, 10.1(3.8) |503| 11.1(4.0) 1.06 (1.50to0 0.61) | < 0.001
Activity Choicelndex (rangel1+5) Baseline 495/ 2.4(0.7) |484 2.4(0.7) | Difference
Post- 448| 3.2(0.7) |452| 2.5(0.7) 0.66 (0.58+0.74) < 0.001
programme
12months 437, 3.0(0.7) |447| 2.5(0.7) 0.44 (0.36+0.52) < 0.001
Fatty food score(range6.5+66.5) Baseline 554, 18.9(5.4) |547| 18.9(5.5) | Difference
Post- 498, 16.5(5.5) | 505 18.1(5.8) 1.65 (2.26to 1.04) | < 0.001
programme
12 months 488| 16.9(4.9) |503| 18.3(5.6) 1.40 1.97 to 0.84) < 0.001
Sugaryfood score(range3+18) Baseline 554/ 5.8(3.2) |545 5.9(3.4) | Difference
Post- 498| 4.4(2.7) |505| 5.3(3.0) 0.94 (1.231to < 0.001
programme 0.66)
12months 488 4.6(2.4) |503| 5.3(3.1) 0.67 (0.97to 0.38) | < 0.001
Fruit and vegetablescore(range1+12) Baseline 551/ 4.0(2.8) |543| 3.8(2.6) | Difference
Post- 498/ 5.2(3.0) |504| 3.9(2.5) 1.26 (0.94+1.58) < 0.001
programme
12months 488/ 4.9(3.1) |503| 3.9(2.5) 0.96 (0.63+1.28) < 0.001
Alcohol intake (units per week) Baseline 538/ 6.4(7.9) |527, 6.4(7.9) | Difference
Post- 478 5.5(7.1) |470/ 6.3(8.2) 0.65 (1.37+0.06) =0.073
programme
12months 486, 5.0(6.4) |503| 6.0(8.6) 0.96 (1.74to0 0.18) | =0.016

IPAQ MET-minutesreportedsetmaximumyvaluesat 180minutes/dg for walking,and othermoderateandvigorousphysicalactivity separatelyheforeconversiorto
MET-minutes.
All modelsof continuousoutcomesvereadjustedor baselinescores.
Abbreviatiors: Cl, confidenceanterval;EuroFIT,EuropearFansin Training; IPAQ, International PhysicalActivity Questionraire (ShortForm); MET, metabolic
equivalentask;MVPA, moderde to vigorousphysicakctivity; SD,standarddeviation.

https://da.org/10.1371durnal.pned.1002736.104

groupataceilingratio of £1.50perextrastep/dayOneminute lesssedentaryime in theinter-
ventiongroupwasassociate@ith anincrementalcostof £172comparedwith the comparison
group.The maximum probability of cost-effectiveneser sedentartime was0.61ataceiling
ratio of £1,80(er minute lesssedentangime. Theincrementalcostof EuroFIT for anaddi-
tional participantachievingadecrease weightof atleastc%was£2,228Therewasa0.95
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Table5. Metabolic biomarkersfor participants allocated to the EuroFIT programme immediately (intervention) or after 12 months (comparison). Dataaremean
(SD)or (%).Interventioneffectsestimatesremeandifferencegwith 95%Cls),derivedfrom mixed-effetsregressiommodels,or geometrianeanratios(with 95%Cls)
(95%CI estimateslerivedfrom mixed-effets regressionmodelsof log-transbrmedbiomarkes).

Metabolic biomarkers Intervention Comparison Intervention effect
Mean(SD) Mean(SD) RelativeEstimate (95%Cl)

Systolicblood pressure(mmHg) Baselire 559 133.6(13.4) 549 135.4(15.3) Difference

Post-programme 501 130.913.7) | 507 132.6(13.9) 0.7 (1.8+0.5) =0.280

12 months 479 131.3(13.4) 501 133.8(14.2) 1.2 (2.5+0.0) =0.047
Diastolic blood pressure(mmHg) Baselire 559 84.4(9.7) 549 85.5(10.0) Difference

Post-programme 501 81.0(9.2) 507 82.8(9.5) 0.8 (1.6 to 0.1) =0.035

12months 479 82.1(9.4) 501 84.2(9.5) 1.2 (2.1to 0.4) =0.004
Fastingglucose(mmol/L) Baselire 506 4.56(1.05) 494 4.62(1.52) Differenceratio

12months 388 4.50(0.93) 400 4.57(1.35) 0.99 (0.97+1.0p =0.643
Fastinginsulin (mmol/L) Baselire 509 | 19.11(22.48) | 497 | 19.61(23.21) Differenceratio

12months 389 | 16.76(18.24) | 402 | 21.42(27.77) 0.85 (0.78+0.9% < 0.001
HOMA r Baselire 506 4.1(6.0) 493 4.9(14.4) Differenceratio

12months 386 3.6(4.6) 398 5.0(11.4) 0.85 (0.76+0.9% =0.002
HbAlc (mmol/mol) Baselire 508 35.1(7.1) 498 35.4(8.9) Differenceratio

12 months 386 34.6(6.5) 399 35.7(9.1) 0.99 (0.98+1.01 =0.358
Triglycerides(mmol/L) Baselire 509 2.19(1.72) 497 2.31(1.74) Differenceratio

12 months 389 1.98(1.39) 402 2.27(1.37) 0.92 (0.87+0.98 =0.006
Total cholesterol(mmol/L) Baselire 509 4.96(1.23) 497 4.98(1.08) Differenceratio

12months 389 4.81(1.09) 402 4.94(0.99) 0.98 (0.96+1.0p =0.064
HDL cholesteol (mmol/L) Baselire 509 1.06(0.3) 497 1.04(0.28) Differenceratio

12months 389 1.1(0.34) 402 1.05(0.28) 1.02 (1.00+1.0p =0.091
AST (U/L) Baselire 509 30.8(13.3) 496 31.5(15.7) Differenceratio

12months 389 30.2(28.5) 402 30.8(12.5) 0.97 (0.93+1.01 =0.123
ALT (U/L) Baselire 508 37.7(23.1) 496 38.3(21.5) Differenceratio

12months 389 32.4(16.9) 402 36.8(20.7) 0.93 (0.88+0.98 =0.004
GGT (U/L) Baselire 509 42.8(39.8) 497 45.7(45.5) Differenceratio

12 months 389 39.5(51.8) 402 40.8(32.9) 0.93 (0.88+0.9y =0.003

Abbreviatiors:ALT, alanineaminotransfease,AST,aspartat@minotrarsferaseGT,gamma-ghtamyltransfeaseHbAlc,hemoglobn Alc;HDL, high-density
lipoprotein, HOMAIR, homeostaismodel-estinatedinsulin resistanceSD,standarddeviation.

https://da.org/10.1371¢urnal.pred.1002736.106

probability of EuroFIT beingcost-effectiveomparedwith the comparisorgroupataceiling
ratio of £6,00(eradditionalparticipantachievingadecrease weightof atleast5%,£1per
additionalminute of physicalactivity,and£6,00(Qper additional participantmeetingthe physi-
calactivity guidelines.

Theresultsof the cost-effectivenesmalysidrom ahealthcargroviderperspective
(Table8) andusingcompletecase®nly werecomparabldo the main analysis.

SeverBAEswverereported,sixin theinterventiongroup (diagnosisf heartdiseasefrac-
turedwrist, fracturedrib, two anterior cruciateligamentruptures,andatorn meniscusjynd
onedeathin the comparisongroup.Fiveweredeemedikely to beassociatewith EuroFIT
(thefracturedrib occurredduring awarm-upataEuroFIT sessionthe otherinjuries occurred
during footballmatchesrganisedy participantsafterthe programmehadfinished,but still
indirectly linked to participationin the programme).
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Table6. Self-reported psychosociabutcomesfor participants allocatedto the EuroFIT programmeimmediately (intervention) or after 12 months (comparism).
Dataaremean(SD).Intervention effectsestimaedaremeandifference95%Cl), derivedfrom mixed-effetsregressin models.

Self-repotted psychosociabutcomes Intervention Comparison Intervention effect
Mean(SD) Mean(SD) | Estimate (95%Cl)
Well-being, Cantrill GoodLife Ladder(range0+10) | Baseline 552 7.1(1.4) 544 | 7.1(1.4) Difference
Post-programme | 498 7.6(1.2) 505 7.2(1.4) 0.32 (0.20+0.45) < 0.001
12months 488 | 7.7(1.2) | 503 | 7.3(1.3) 0.34 (0.20+0.47) < 0.001
RosenbergSelf-EsteenBcore(range 0+30) Baseline 553 | 22.1(4.7) | 546 | 22.0(4.6) | Difference
Post-programme | 498 | 23.3(4.6) | 505 | 22.2(4.8) 0.96 (0.59+1.33) < 0.001
12months 488 | 23.8(4.7) | 503 | 22.3(5.0) 1.16 (0.75+1.57) < 0.001
SubjectiveVitality Scalerange4+28) Baseline 554 | 18.3(5.2) | 547 | 18.4(5.2) | Difference
Post-progranme | 498 | 21.2(4.6) | 505 | 19.2(5.1) 2.01 (1.50+2.51) < 0.001
12months 487 | 21.3(4.8) | 503 | 19.2(5.4) 2.01 (1.46+2.55) < 0.001
EQ-5D-8_ Health Utility Score(range 0.285+1,000) | Baseline 552 | 0.926(0.1) | 543 | 0.927(0.9) | Differerce
Post-programme | 498 | 0.924(0.1) | 505 | 0.923(0.1) 0.001 (0.009+0.A.1) =0.905
12months 487 | 0.920(0.1) | 502 | 0.9230.1) 0.003 (0.015+0.®8) =0.553

Abbreviatiors: Cl, confidencenterval;EQ-5D-3., five-levelEuroQoLquestionnae; EuroFIT,EuropearFansin Training; SD,standarddeviation.

https://da.org/10.1371durnal.pned.1002736.106

Discussion

Principal findings

A largenumberof menexpressethterestin the EuroFIT programmein eachof the 15football
clubs.Theprogrammehelpedparticipantsto achievancreasei objectivelymeasureghysi-
calactivity but did not resultin alastingdecreas@ objectivelyneasuredsedentargime 12
monthsafterbaselineThe EuroFIT programmealsohelpedmento improvesecondaryut-
comesdncluding weight,waistcircumferencediet, well-being self-esteengndvitality. How-
ever,in thewithin-trial analysighe programmedid not improve quality of life asmeasuredy
EQ-5D-5Landhencewasnot cost-effectivdbasedn QALYSs.

Table7. Self-reportedinjuries andjoint pain for participants allocatal to the EuroFIT programmeimmediately (intervention) or after 12 months (comparisan).
Dataare (%).Intervention effectsestimatedareoddsratios(95%Cl), derivedfrom mixed-effetsregressin models.

Self-repotted injury or joint pain Intervention Comparison Intervention effect
(%) (%) Estimate (95%Cl)

Sufferedarecentinjury in last3 months Baselire 558 23(4.1%) 549 34(6.2%) Oddsratio

Post-programme 502 111(22.1%) | 508 57(11.2%) 2.33 (1.64+32) < 0.001

12months 479 52(10.9%) 500 43(8.6%) 1.31 (0.84+202) =0.231
Upper joint pain score limiting activity Baselire 556 156(28.1%) | 548 132(24.1%) | Oddsratio

Post-programme 502 162(32.3%) | 508 120(23.6%) 1.58 (1.16+216) =0.004

12months 480 | 158(32.9%) | 503 | 133(26.4%) 1.43 (1.05+193) =0.022
Lowerjoint pain score limiting activity Baselire 557 123(22.1%) | 548 97(17.7%) Oddsratio

Post-programme 502 | 155(30.9%) | 508 | 104(20.5%) 1.78 (1.30+243) < 0.001

12months 480 | 155(32.3%) | 501 | 117(23.4%) 1.64 (1.20+224) =0.002

Limiting activitywasscoredasthe maximumimpactthatanyof thejoints hadon limiting activity,rangingfrom 0+4,with 0 = not atall,and4 = averygreatdeal,
whichwasdichotomisedto not atall (0) or atleastsomeimpact(1+4).
Abbreviatiors: Cl, confidencenterval;EuroFIT,EuropearFansin Training.

https://da.org/10.1371durnal.pred.1002736.107

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002736 February 5, 2019 17/25



@’PLOS ‘ MEDICINE

The effect of the EuroFIT intervention programme

Table8. Multiple imputed,unadjustedcostsusedby participants allocated to the EuroFIT programme immediately (intervention) or after 12 months (compari-
son),andtheir unit costs(£, 2016)over 12-month follow-up.

Resource Unit costs Intervention ( =560) | Comparison( =553) Meandifference£ (95%Cl)
Unit Unit costsor range(£) | Mean£ (SE) Mean€£ (SE)
GP Visit 31 93(7.9) 95(5.4) 2 (18+13)
Physiotherapst Visit 40 155(23.9) 84(16.7) 71(24+117)
Dietician Visit 40 15(3.8) 16(2.6) 1 (8+7)
Occupational therapist Visit 40 15(3.7) 17(2.6) 2 (945)
Mental health therapist® Visit 121 49(16.8) 50(11.7) 1 (34+32)
Complementary therapist Visit 48 19(8.5) 10(6) 9(11+39)
Other healthcare professionas | Visit 31+136 54(18.6) 61(13.3) 7 (44+29)
Outpatient treatment Visit 136 135(26.9) 116(18.9) 19(34+72)
Day treatment at hospital Visit 184 84(20.5) 61(13.9) 23(17+64)
Inpatient treatment Pernight spentat hospital | 405 202(84.5) 166(59.5) 36(130+202)
Medication® Costperdailydose 0.06+419.62 136(23.5) 135(16.7) 1(45+47)
EuroFIT programme Preparaibn anddelivery | 189.5+267.5 228 N/A N/A
Healthcarecosts N/A N/A 1,184(131.5) 810(89.9) 374(116+632)
Absenteeism £/hour missed 17.1 1,264(208.9) 1,332(155.7) 68 (609+339)
Total costs N/A N/A 2,447(276.4) 2,141(202.3) 306( 244+855)

Ancluding socialworker, psychobgist,and psychiatris.

BIncluding mainly medicalspecialists.

“Including cardiovasular, pain,inhalers antidepressat, and other medication.

Abbreviatiors: Cl, confidenceanterval;EuroFIT,EuropearFansin Training; GP,generapractitioner; N/A, not applicdle; SE standarderror.

https://da.org/10.1371durnal.pned.1002736.108

Table9. Adjusted differencesin meancosts(£, 2016)and effects(95%Cl) at 12-month follow-up, and ICERs.

Analysis iC (95%Cl) iE (95%Cl) ICER CEplanequadrants
Outcome £ Units £/Unit NE SE SW NW
Societalperspetive (main analyss)

QALYs 300( 226+822) 0.002 ( 0.009+0.005) 126,119 21 5 8 66
Numberof daily stepgactivPAL) 300( 226+822) 730(406+1,08) 0.41 87 13 0 0
Daily sedentay time (activPAL) 300( 226+822) 1.74(9.8+13.3) 172 52 9 4 35
Meetphysicalactivity guideline(IPAQ) 300( 226+822) 0.15(0.09+0.20) 2,056 87 13 0 0
Total weeklyphysicalactivity (IPAQ) 300( 226+822) 920(613+1,28) 0.33 87 13 0 0
5% decreasén weight 300( 226+822) 0.14(0.09+0.18) 2,228 87 13 0 0
Healthcareprovider perspective

QALYs 372(125+625) 0.002 ( 0.009+0.005) 156,696 27 0.5 0.5 72
Numberof daily stepg(activPAL) 372(125+625) 730(406+1,08) 0.51 99 1 0 0
Daily sedentay time (activPAL) 372(125+625) 1.74(9.8+13.3) 214 61 0.5 0.5 38
Meetphysicalactivity guideline(IPAQ) 372(125+625) 0.15(0.09+0.20) 2,554 99 1 0 0
Totalweeklyphysicakctivity (IPAQ) 372(125+625) 920(613+1,28) 0.41 99 1 0 0
5% decreasé weight 372(125+625) 0.14(0.09+0.18) 2,768 99 1 0 0

Abbreviatiors: iC, meandifferencein costshetweertheinterventionandcomparison iE, meandifferen@in effectsbetweertheintervenion and comparion; CE,
cost-effedvenessCl, confidenceanterval;EuroFIT,EuropearnFansin Training; ICER,incrementalcost-effedvenessatio; IPAQ, International PhysicalActivity
Questionraire (ShortForm); NE, northeasti.e.,EuroFITis more expensiveand more effectivethan comparison NW, northwest,.e.,EuroFITis more expensie and
lesseffectivethan comparism; QALY, quality-adjused life-year;SE southeast,e.,EuroFITis lessexpensivand more effectivethan comparison SW,southwesti.e.,
EuroFITis lessexpensivand lesseffectivethan comparisn.

https://da.org/10.1371durnal.pned.1002736.109
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Strengthsand weaknessegf the study

The EuroFIT programmewasbasedn the successfubeightlossandhealthyliving pro-
gramme FFIT and,like FFIT, hadwideinclusioncriteria. It hadasoundtheorybaseand
logicmodel[13], the behaviourchangeechnique toolbox'includedthoseknown to initiate
andsustainbehaviourchangg33,34],andthe programmedrewon sociologicalinderstand-
ing of masculinitiego attractandretain participants[9,14].EuroFITwaswellregardecdby
participantsover80%of whom attendedat leasthalf of the sessionsPost-programmes5%of
menin theinterventiongroupreportedusingthe SitFIT deviceto self-monitorstepsandsit-
ting time “agreatdeal';37%reportedusingthe game-basetatchFIT appto encouragenter-
actionbetweersessionandafterthe programmeended agreatdeal'.Although EuroFIT
attractedmenfrom acrosghe socioeconomispectrumthe majority who took part werewell
educatedandin paidwork. With no obviousdenominatorpopulation,wehaveno wayof
knowingif thoseattractedarerepresentativef all menfrom localfan basesvho supportpar-
ticular clubs.

Therewasanincreasen recentinjuriesandin upperandlowerjoint pain scoregost-pro-
grammewhich might alsoexplainhigherphysiotherapistostsobservedn theintervention
group.Althoughobservationso assessverallfidelity showedhat coacheslelivered38%of
tasksasintended,preliminary analysesf other proces®valuationdatasuggesthat coaches
sometimegleliveredphysicalactivity sessionthat weremore vigorousthan specifiecand did
not sufficientlyemphasisevarm-upand cooldownexercisesA focusduring the 2-daycoach
training maybeneededo avoidtoo manyinjuries.

The EuroFIT evaluationspannedour Europearcountriesand 15professionafootball
clubs,usedobjectivemeasurementf physicalactivity and sedentaryime, andretainedover
80%of participantsto objectivel2-monthoutcomemeasuremen T his suggestthatthe
resultsarelikely to begeneralisableo otherfootballclubswithin Europe.lt wasnot possibleo
blind participantsto which grouptheywerein, althoughphysicalactivityandsedentaryime
wereobjectivelyassessed.

Themenattractedo the programmealreadyhadquite high levelsof physicalactivity at
baseling8,372steps/day)This mayhavelimited the room for improvementandledto under-
estimationof the potentialeffectof the programmeif lessactiveparticipantswererecruited.It
hasbeenknown for sometime that recruitmentof thosemostin needof physicalactivity
interventionsis more challenginghanrecruiting thosewho arealreadyreasonablyctive[35].
It is possiblahat evenmore active personalise@pproache$o recruitment[36] andlimiting
eligibility to thosewho do not achievahe recommendedevelsof physicaklctivity would help
to avoidanoverrepresentationf moreactivemenandwould providemore opportunity for
lessactivemento join the programme.

Anotherlimitation is the potentialfor possibleeactivityeffectsin which participants
changeheir physicalactivityandsedentarypehaviourgluring the measuremeniveek. Dueto
theunblindednatureof the study,the effectivenessf the interventionmight havebeenover-
estimatedf theinterventiongroupdid increaseheir activity levelsmorethanthe comparison
groupasaresultof socialdesirability.Howeverno studieso datehavereportedon substantial
reactivityeffectan studiesusing7-dayaccelerometesassessments.

Strengthsand weaknessem relation to other studies

EuroFIT showedaboveaveragémprovementsn physicalactivity comparedwith systematic
reviewsand meta-analysisf other physicalactivity interventionprogrammeg37+39].The
findingsfrom the EuroFIT trial reinforcethosefrom arecentsystematiceviewsuggesting
thatgender-sensitisephysicalactivityinterventionsin professionasportssettingsarea
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promisingroutefor promoting men'shealth[8]. Thereviewidentified severaphysicalactivity
interventionsin this setting;the FFIT study,designedo helpoverweighimenloseweight
throughimprovementsn physicalactivity anddiet, wasthe only largerandomisedcontrolled
trial [40]. Recentong-termfollow-up of participantsin the FFIT studyshowedhatimprove-
mentsin weightlossandin self-reportedhysicalactivity weremaintained3.5yearsafterbase-
line [10]. The FFIT programmehasbeenadaptedor deliveryCanadgin icehockey)[41] and
Australia(in Aussierulegootball)[42]. FFIT formedthe basisfor the developmenof EuroFIT;
the successf the EuroFIT programmeoffersfurther evidenceof the long-termpublic health
potentialof thisapproach.

TheFFIT trial reportedgreatemweightloss(4.94kg; 95%Cl, 4.0+5.9thanwefoundin
EuroFIT (2.4kg; 95%Cl, 1.7£3.1)althoughimprovementsn self-reportecphysicalactivity
werebroadlycomparableThesedifferencesnaybebecauséietarychoicewasintroduced
laterin EuroFITthanin FFIT andweightlossemphasisednly for thosewho wantedto do so.
In FFIT, dietaryand physicalactivity changesvereboth emphasisedswaysof achievingand
maintainingahealthierweight.

Thefocusof EuroFIT on reducingsedentargime wasonly successftih the shortterm. A
systematiceviewshowedsimilarly short-livedreductionsin sedentaryime [43], although
someinterventionsshowedeffectaup to 12months.Workplaceinterventionshaveachieved
largerreductionsin sedentaryime, althoughconsistentong-termchangehasnot yetbeen
reported[44]. Thereareno clear publicly known guidelinesor reducingsedentaryime,
knowledgeof the associatioetweerhigh levelsof sedentantime andhealthis still not wide-
spreadandsedentaryime is often confusedwith physicalinactivity [45]. Preliminaryanalyses
of qualitativedatafrom EuroFIT'sproces®valuationsuggesthat both participantsand
coachesvereconfusediy the combinedmessagesf increasingphysicalactivity and simulta-
neouslyincreasingime spentupright. For examplethe SitFIT devicewasliked by participants
but mostlyusedto self-monitorsteppingfew participantsreportedself-monitoringtime spent
upright. Futurelifestyleinterventionstudiesshouldattemptto ensurethat participantsunder-
standthedistinction and appreciatehe benefitsof decreasingedentaryime, aswellas
increasingphysicakctivity.

Althoughthe EuroFIT programmewasnot expensiveo deliver(betweer£180and£268
per participant),thelackof improvementin quality of life (asmeasuredy the EQ-5D-5L)
meantthat the probability of it beingcost-effectivat ceilingratiosup to £30,00@er QALY
wasonly 0.13overa12-monthtime frame.Theequivalentprobability for the FFIT pro-
grammewhich estimatedQALYsviathe ShortForm-12(SF12)juestionnairgatherthan EQ-
5D-5L,was0.89atthe sameceilingratio overthe sametime frame[40]. Althoughthe EQ-5D-
5Lisnowthe preferredmeasurdor cost-effectivenesmalysescrosEurope baselineEQ-
5D-5L utility scoreswvererelativelyhighin EuroFIT (0.93),suggesting ceilingeffectthat lim-
its room for improvementin EQ-5D-5Lutility scoresWhetherthe EuroFIT programmeis
consideredost-effectivéor physicalactivityandbodyweightat 12 monthsandshorter-term
improvementin sedentaryime dependn decision-makershillingnesgo payfor the
observedmprovementsn theseoutcomesWe arein the proces®f developingamodelof
longer-termcost-effectiveness/era5-yearhorizon to representhe benefitsof physicalactiv-
ity in reducingtheincidenceof four chronic healthconditions(colorectalcancertype2 diabe-
tes,coronaryheartdiseaseand stroke)and mortality.

Meaningof the study

We haveaddedto previousevidencd8,40]that suggestengagingnenin physicakctivity
through programmeghatwork with existingconstructsof masculinityis apromisingroute
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for promoting men'shealth.We haveshownthat, while participationin the EuroFIT pro-
grammedid not resultin improvementin sedentaryime, it did resultin improvementsn
physicakctivity,bodyweight,waistcircumferencediet, well-being vitality, and self-esteem
andalsoto cardiovascularisk biomarkers.

A 678steps/dayncreasen objectivelymeasureghysicalctivityis substantialObjectively
measuredevelof physicalactivity arealwaydowerthan self-reportedevelq46], andglobal
physicalctivityrecommendationsirebasedn self-report.Theassociatiometweerobjec-
tively measuregbhysicalactivity and healthbiomarkersis substantiallystrongerthanthe
associationwith self-reportedohysicalactivity [47]. Giventhe observedmprovementsn car-
diovascularisk biomarkers EuroFITis likely to resultin important reductionin therisk of ill
healthif theimprovementin physicakactivityis maintained.

Combininglessondearnedfrom EuroFITandits predecessoFEFIT,will allowthe further
refinementof evidenceandtheory-basedifestylechangeprogrammedgeliveredn profes-
sionalsportssettings.
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