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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/m2

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 �í1.6 minutes/day (97.5% confidence interval [CI], �í14.3±11.0; p = 0.77) and in step

counts of 678 steps/day (97.5% CI, 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.

The effect of the EuroFIT intervention programme
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Author summary

Why was this study done?

· Gender-sensitisedlifestylechangeprogrammesin aprofessionalsportsettingarean
excitingdevelopmentin men'shealthpromotion,with thepotentialto engagemenwho
areunderservedbymostprogrammes.

· A healthylifestyleandweightmanagementprogrammedeliveredin professionalsport-
ing settings(FootballFansin Training [FFIT]) hasbeenshownto beeffectiveandcost-
effectivein deliveringlong-termweightlossin overweightandobeseScottishfootball
fans.

· Wedrewon thesuccessof FFIT to developandevaluatetheEuroFITprogrammein
four Europeancountries.WhereasFFIT introducedphysicalactivityanddietarychange
for weightloss,EuroFITfocusedon increasingphysicalactivityandreducingsedentary
time asdesirableoutcomesin their ownright.

What did the researchers do and find?

· Weconductedarandomisedcontrolledtrial (� = 1,113)in 15footballclubsin four
countriesandshowedthat theEuroFITprogrammewaseffectivein increasingobjec-
tivelymeasuredphysicalactivitybut not sedentarytime 12monthsafterbaseline.

· EuroFITparticipantsalsoshowedimprovementsin diet,bodyweight,indicatorsof car-
diometabolichealth,well-being,andothersecondaryoutcomes.

· EuroFITwasnot cost-effectivein theshortterm becausetherewereno differencesin
qualityof life because,on themeasureweused,participantsalreadyhadhigh levelsof
qualityof life atbaseline.

What do these findings mean?

· Gender-sensitisedlifestyleprogrammesdeliveredin professionalfootballclubshave
showngreatpromisein Europeandcouldplayanimportantpublichealthrole in engag-
ing underservedmen.

· Changingtime spentsedentaryproveddifficult. Futurelifestyleinterventionstudies
shouldattemptto ensurethatparticipantsunderstandthedistinctionbetweenbeing
morephysicallyactiveandspendingmoretime upright.

Introduction
Physicalactivityis important in preventingchronicdiseases,includingcardiovasculardisease,
type2 diabetes,andseveralcancers[1,2].Globalrecommendationsfrom theWorld Health

The effect of the EuroFIT intervention programme
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Organisation(WHO) adviseat least150minutesperweekin moderate-to-vigorousphysical
activity.Recentestimatesshowthatnearlyonethird of adultsworldwidedo not meetthese
recommendationsandaround9%of prematuredeathsworldwidein 2008canbeattributedto
lackof physicalactivity[2]. Not meetingtheWHO physicalactivityrecommendationscosts
healthcaresystemsglobally53.8billion internationaldollars(INT$), with anadditionalindi-
rectcostof INT$13.7billion [3].

Sedentarybehaviourhasrecentlybeenshownto beassociatedwith all-causeandcardiovas-
cularmortality, independentlyof physicalactivity[4]. Sedentarybehaviourisdefinedasany
wakingbehaviourin asitting,reclining,or lying posturewith energyexpenditure�1.5 meta-
bolicequivalenttasks(METs)[5]. A meta-analysishasshownthat interventionsfocusingpri-
marily on physicalactivityhavelittle effecton sedentarybehaviour[6], andaspecificfocuson
sedentarybehaviourisneededto achievesubstantialimprovementsin sedentarybehaviour.
Combiningsuchaspecificfocuson sedentarybehaviourin alifestyleinterventionprogramme
with afocuson bothphysicalactivityanddiet isnovel,andgiventhecontribution of all three
behavioursto theburdenof theworld'sleadingnoncommunicablediseases,suchapro-
grammecouldhaveasubstantialpublichealthimpact.

Men areoftenunderrepresentedin behaviourallifestyleinterventionsandareconsidered
ahard-to-reachandunderservedgroup[7]. However,manymenleadanunhealthylifestyle
andareathigh risk for developingnoncommunicablediseases.It hasbeensuggestedthatof
all facetsof healthpromotion,physicalactivitymight bethemostlikely behaviourto engage
menwith their health.A systematicreviewhasidentifiedgender-sensitisedphysicalactivity
programmesasakeydevelopmentin men'shealthpromotion,with thepotentialto engage
hard-to-reachmen.Thereviewalsoreportedthatall four identifiedstudiesthat involved
menengagingin physicalactivitywith othermenthroughprofessionalsportsresultedin
increasedphysicalactivity[8]. Gender-sensitisedphysicalactivityprogrammesfor menmay
alsoprovideusefulstrategiesin promotingotherareasof men'shealth.Anothersystematic
reviewconcludedthatweightlossandmaintenancefor menisbestachievedwith interven-
tions increasingphysicalactivityandimproving diet whileusingbehaviourchangetech-
niques[7].

Achievingsustainablehealthbehaviourchangeischallenging,andat-riskpopulation
groups,includingoverweightand/or inactivemen,aredifficult to engageandunderserved.
TheScottishFootballFansin Training (FFIT) lifestyleprogrammewasdesignedto attract
overweightmenandenablethemto loseweightthroughimprovementsin physicalactivity
anddiet.FFITwasshownto becost-effectivein supportingclinicallysignificantweightloss.It
alsosignificantlyimprovedself-reportedphysicalactivityanddietat12months[9], and
improvementswerepartiallymaintained42monthsafterbaseline[10]. Themulti-country
EuropeanFansin Training (EuroFIT)programmeshiftedthefocusfrom weightlossto
improvingphysicalactivityandsedentarytime [11]. LikeFFIT,EuroFITusestheallegiance
manyfanshaveto their footballclubto attractat-riskmento agroup-basedlifestylechange
programmedeliveredin their clubs.

Thispaperdescribestheresultsfrom therandomisedcontrolledtrial thataimedto evaluate
theeffectivenessof theEuroFITlifestyleprogramme.Theprimary aimof thetrial is to deter-
minewhetherEuroFITcanhelpmenaged30±65yearswith aself-reportedbodymassindex
(BMI) �27 kg/m2 to increaseobjectivelyassessedphysicalactivityanddecreaseobjectively
assessedsedentarytime overa12-monthperiod.Secondaryoutcomesof thetrial includecost-
effectiveness,food intake,bodyweight,BMI, waistcircumference,restingsystolicanddiastolic
bloodpressure,cardiometabolicbloodbiomarkers,well-being,self-esteem,vitality, andquality
of life.

The effect of the EuroFIT intervention programme
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Materials and methods

Studydesign
Weundertookapragmatictwo-armrandomisedcontrolledtrial in 15professionalfootball
clubsfrom leaguesin England(fiveclubs),theNetherlands(four clubs),Norway(threeclubs),
andPortugal(threeclubs).Studyparticipantswererandomisedto receivetheinterventionor
awaitinglist comparator(1:1),stratifiedbyclub.Thestudyprotocolispublished[11].

Recruitmentandparticipants
Footballclubswereselectedbycontactingclubsknownby thestudyteamto belikely to be
interestedin takingpart.Wesoughtaminimum of threeandamaximumof five in each
country,andthefirst 15clubsthatsignedup wereincluded.ClubswereArsenal,Everton,
Newcastle,ManchesterCity, andStoke(England);Ado denHaag,Groningen,PhilipsSport
Vereniging(PSV),andVitesse(theNetherlands);Rosenborg,Str�msgodset,andV�lerenga
(Norway);andBenfica,Porto,andSporting(Portugal).

Footballclubsledrecruitmentof participantsusingemailedinvitationsto fans,theclub
website,socialmediaposts,featuresin localpress,andmatch-dayrecruitment.

Participantsregisteredinterestonline,providingcontactdetails,age,self-reportedheight
andweight,andpreferredfootballclub.A follow-uptelephonecallincludedtheadaptedPhysi-
calActivity ReadinessQuestionnaire-Plusquestionnaire(PAR-Q+)[12], previousparticipa-
tion in healthpromotion programmesat theclub,andaskingif menwerewilling to consentto
randomisationandto wearinganactivitymonitor for 1weekatbaselineandagainatboth fol-
low-upassessments.On theconsentform, menhadtheopportunity to opt into providing
bloodsamplesat thebaselineandthe12-monthfollow-upmeasurements.

Men wereeligibleif theywereaged30±65,hadaself-reportedBMI of �27 kg/m2, andcon-
sentedto studyprocedures.Men wereexcludedif theyreportedacontraindicationto moder-
ateintensityphysicalactivityin thePARQ+or participationin anexistinghealthpromotion
programmeat theclub,or did not provideat least4 daysof usableactivitymonitor dataat
baseline.

Randomisationandmasking
Participantswererandomlyallocatedto interventionor comparisongroupsfollowingbaseline
measurement.Theallocationsequencefor eachfootballclubwasgeneratedbyacomputer
programmewritten byastatisticiannot involvedin thefinal analysis.Thesequencewasgener-
atedusingrandomisedpermutedblocks,stratifiedbyclub,with blocklengthsof 4 and6,at
random.Thesequencewassecurelystored,with accessrestrictedto thoseresponsiblefor
maintainingtherandomisationsystem.

Trial coordinatorsaccessedrandomisationallocationviaasecureonlineportal.They
informedparticipantsby telephoneandemailwhethertheyhadbeenallocatedto startthe
EuroFITprogrammeimmediately(theinterventiongroup)or to undertaketheprogramme12
monthslater(thewaitinglist comparisongroup).It wasnot possibleto maskparticipantsor
thefieldwork teamto allocation,but theprimary outcomemeasurementscouldnot be
accessedbyeither,andallocationwasnot knownbystudystatisticiansuntil afterdatabase
lock.

Interventions
EuroFITwasprimarily designedto supportmento becomemorephysicallyactive,reduce
their sedentarytime,andmaintainthesechangesto at least12monthsafterbaseline.Dietary

The effect of the EuroFIT intervention programme
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changewasalsointroducedfor thosewhowantedto loseweight.Theprogrammewasdeliv-
eredatclubstadiato groupsof 15±20menover12weekly,90-minutesessionsthatcombined
interactivelearningof behaviourchangetechniqueswith gradedgroup-basedphysicalactivity.
A reunionmeetingwasscheduled6±9monthsafterthestartof theprogramme.To facilitate
groupbondingandteamspirit, thesamegroupof 15±20menwereexpectedto attendat the
sametime eachweek.

Detailsof theEuroFITprogrammearepublished,including adescriptionof thepro-
grammein thetemplatefor interventiondescriptionandreplication(TIDieR) [13]. In brief,
wedevelopeddetailedmanualsfor coachesandparticipants,andtrainedclubcoachesover
2 daysto deliverprogrammecontentin anappropriateandaccessiblestyle.This included
encouragingpositivebanter,makingsessionsenjoyable,promotinga`team'environment,
andusinginteractionalstylescongruentwith other(predominantly)malecontexts[14]. The
programmeaimedto work with ratherthanagainstpredominantconstructionsof masculin-
ity [9,14]whilst supportinglifestylechange.Someelements(e.g.,tips to changediet or
increasephysicalactivity)wereadaptedto country-specificnorms.Coachesweretaught
abouttheimportanceof warm-upactivitiesto preventinjuries,andtheprogramme
includedtheFeÂdeÂration InternationaledeFootballAssociation(FIFA) 11+programme
[15]. Coachestaughtparticipantsto choosefrom a`toolbox'of behaviourchangetechniques
(including settingandreviewinggoalsfor behavioursandoutcomes,actionplanning,self-
monitoring, andinformation abouthealthandemotionalconsequencesof change)andto
emphasisepersonallyrelevantbenefitsof behaviourchange(e.g.,beingbetterableto fulfil
valuedactivitiesandroles).Thesebehaviourchangetechniqueswereofferedastoolsfor
mento usefor howeverlong theyfound themusefulandto encouragemento developinter-
nalisedandself-relevantmotivation for becomingmoreactive,sitting less,andeatinga
healthierdiet [16].

Wedevelopedanovelpocket-worn,validateddevice(SitFIT) [17] to allowself-monitor-
ing of sedentaryandnonsedentarytime (time spentupright [18]), in addition to dailysteps
(S1Appendix).In thefirst weekof theprogramme,menweretaughthowto measurethe
time theyspentupright andthenumberof stepstheytakeeachweekasabaseline.In thesec-
ond andsubsequentweeks,theywereencouragedto follow anincrementalprogrammeto
setweeklygoalsto slowlyincreasethenumberof stepsandtime spentupright eachweek,
andto usetheSitFITto monitor their progressto thesegoals.Evidenceon theuseof self-
monitoring devicesfor physicalactivityafterparticipationin theFFITprogrammesuggests
thatalthoughsomecontinuedto find themusefulin thelongterm,othersdo not, aswalking
andotherphysicalactivitywasembeddedin everydaylife without self-monitoringbeingnec-
essary[19].

EuroFITalsoexplicitlyencouragedbetween-sessionandpost-programmepeersupportfor
changingbehaviourthroughinteractingwith eachotherusingasocialmediaplatformmostof
themwerefamiliar with (e.g.,WhatsApp,FacebookGroups).Theywerenot givenspecific
instructionson thecontentof interaction;coachescoulddecidewhetheror not theypartici-
patedin theinteractions.Between-sessiongroupsocialsupportwasalsoencouragedusing
game-basedsocialinteractionwith theMatchFITapp(S1Appendix).MatchFITallowedpar-
ticipantsto contributetheir weeklystepsto their group'scollectiveaveragestepcountand
compareit with thatof avirtual competitorteam.Coachesencouragedtheuseof MatchFITas
ameansfor participantsto supportoneanotherastheypursuedincreasesin their stepcounts,
but did not themselvesparticipate.Programmematerialsareavailablethroughrequestat
http://eurofitfp7.eu/impact/eurofit-programme/.
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Procedures
A fieldwork teamcollectedoutcomedataatbaseline,post-programme,andafter12monthsin
clubstadia.Theyscheduledseparatemeasurementsessionsfor interventionandcomparison
groupspost-programmeto minimisecontamination.Forparticipantswhoconsentedto bio-
markerassessment,wetook avenousbloodsampleatbaselineand12months,after6 hours
fasting.

To maximiseattendanceandretention,wemadeappointmentsby telephone,confirmedby
emailor letter,andsentshortmessageservice(SMS)reminders.Wescheduledadditional
measurementseitherin stadiaor athomeasneeded,but almostall menattendedtheregular
measurementsessions.Werecordedsociodemographiccharacteristics(age,ethnicity,educa-
tion, maritalstatus,currentemploymentstatus,andincome)atbaseline.

In thanksfor their participationin theresearch,weofferedaclubstorevoucherfor the
equivalentof �°25atpost-programmeand�°75at the12-monthmeasurements.

Primary outcomes. Thetwo primary outcomesweretotalphysicalactivity(stepsperday)
andtotal sedentarytime (minutesperday),objectivelymeasured12monthsafterrandomisa-
tion usingtheactivPALmonitor (modelactivPALmicro;PALTechnologies,Glasgow,United
Kingdom).TheactivPALhasbeenfound to havegoodmeasurementpropertiesto assesssit-
ting, standing,stepping,andposturaltransitionsin adults[20±22].

TheactivPALisasmallactivitymonitor attachedto thethigh andworn for 7 consecutive
full days.At thefirst of two on-sitebaselinevisits,participantswereshownhowto fit theactiv-
PALandhowto refit it afterremoval.Theywereaskedto wearthedevicecontinuously,except
during water-immersingactivities(e.g.,swimming,bathing).Participantsreturnedapproxi-
mately9dayslaterfor thesecondon-sitebaselinevisit,during whichtheactivPALwas
removedandthedataweredownloadedon acomputer.Post-programmeandat12months,
researcherspostedpreprogrammedactivPALdevicesto participants10±12daysbeforestadia
measurementsessions,alongwith reminders.Thestandardoperatingprocedurefor preparing
activPALdatafor analysisisavailablein S2Appendix.

Intervention fidelity, attendance,andexperience. To assessfidelity acrossall clubs,
researchersobserveddeliveryof thefourth EuroFITsessionandrateddeliveryof sixkeyactivi-
tieson a3-point scale(1 = activitynot delivered,2 = activityadapted,and3 = activitydeliv-
ered)andtheproportion of activitiesthatscored3 wascalculated.Coachesreportedweekly
attendanceonto asecureonlineportal.A post-programmequestionnaireaskedintervention
participantsto ratetheir overallexperienceof theEuroFITprogrammeon a10-pointscaleand
to ratehowmuchtheyusedSitFITandMatchFITon ascaleof 0±4,where0was`notatall',
and4 was`agreatdeal'.

Self-reportedbehaviouraloutcomes. Self-reportedphysicalactivitywasassessedusing
theInternationalPhysicalActivity Questionnaire(ShortForm) (IPAQ) [23], self-reportedsed-
entarytime usingtheMarshallquestionnaire[24], frequencyof physicallyactivechoicesusing
theActivity ChoiceIndex[25], self-reporteddietusinganadaptedDietaryInstrumentfor
Nutrition Education(DINE) [26], andalcoholintakeusinga7-dayrecallquestionnaire.

Objectivelymeasuredsecondaryoutcomes. Bodyweightwasmeasuredusinganelec-
tronic flat scale(TanitaHD366)with light clothing.Bodyheightwasmeasuredatbaselineonly
without shoes,usingastadiometer(LeicesterHeightMeasure).BMI wascalculatedasbody
weight(kilograms)dividedby thesquareof bodyheight(meters)(kg/m2). Waistcircumfer-
encewasmeasuredtwice(threetimes,if thefirst two measurementsdifferedby �0.5 cm)
usingatapemeasure(Seca201),andthemeanwascalculatedoverthenearesttwo measure-
ments.Bloodpressurewasmeasuredwith abloodpressuremonitor (Omron 705-CPII)after5
minutessittingstill.
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Bloodsampleswerestoredat4ÊCandprocessedwithin 24hours,andthenfrozenat
�80 ÊC.Biochemistrytestsfor fastingglucose,total cholesterol,high-densitylipoproteincho-
lesterol,triglycerides,gamma-glutamyltransferase(GGT),aspartateaminotransferase,alanine
aminotransferase(ALT), hemoglobinA1c(HbA1c) (c311,RocheDiagnostics,BurgessHill,
UK), andinsulin immunoassays(e411,RocheDiagnostics,BurgessHill, UK) wererun on clin-
icallyvalidatedautomatedplatforms.All testsusedmanufacturers'reagents,calibrators,and
quality-controlmaterials.All coefficientsof variationfor qualitycontrolswere<5%. Homeo-
stasismodel-estimatedinsulin resistance(HOMAIR) wascalculatedasfastingplasmaglucose
(mmol.l�1 ) � fastingplasmainsulin (mU.l�1 )/22.5[27].

Self-reportedhealthandpsychosocialoutcomes. Participantsratedtheir well-being
usingtheCantril ladder,self-esteemusingthe10-itemRosenbergself-esteemquestionnaire,
vitality usingthesubjectivevitality scale,andhealth-relatedqualityof life usingthefive-level
EuroQoLquestionnaire(EQ-5D-5L).EQ-5D-5Lutility weightswereestimatedusingthe
Englishvalueset[28]. Quality-adjustedlife-years(QALYs)werecalculatedbymultiplying the
utility weightswith theamountof time aparticipantspentin aparticularhealthstate.Transi-
tionsbetweenhealthstateswerelinearlyinterpolated.Participantsalsoreportedjoint painand
anylong-standingillnesses,disabilities,or infirmities. Questionnairesareavailablein S3±S5
Appendices.

Adverseevents. Seriousadverseevents(SAEs)weredefinedasanyinjury or newlydiag-
nosedhealthcondition arisingduring thetrial studyperiodthat ledto hospitalisationor pro-
longedmedicalattention,wasimmediatelylife threatening,or fatal.Eventswerereportedby
coachesor participantsbyemailor telephoneandduring follow-upmeasurement,thenfol-
lowedup by telephoneto gatherfurther details.Thelikelihoodof aneventbeingrelatedto
EuroFITwasassessedbyparticipantsandresearchstaffandarbitratedby theDataMonitoring
andEthicsCommittee.

Costs. Costsweremeasuredfrom thesocietalperspectiveandincludedprogrammedeliv-
ery,healthcareutilisation,medicationuse,andabsenteeismfrom work.Unit costs(£,2016)
from theUK wereusedto valuehealthcareutilisationandabsenteeism[29,30].Programme
deliverycostswerecalculatedusingcostsreportedbyparticipatingfootballclubs(i.e.,prepara-
tion, coordinationandadministration,recruitment,programmedeliveryandstaffing,and
materials).Costsfor non-UK footballclubsanduniversitieswereconvertedto Britishpounds
usingpurchasingpowerparities[31].

Samplesizecalculation
With two primary outcomes,samplesizecalculationswerebasedon achieving90%powerata
2.5%significancelevel.In orderto detectaneffectsizeof 0.25standarddeviation(SD)units,a
samplesizeof 399pergroupwasrequired.Forphysicalactivity(SDapproximately4,000steps
perday),thisequatesto anaverageincreaseof 1,000steps/day.Forsedentarytime (SDalmost
100minutes/day[32]), thisequatesto anaveragedecreasein sitting time of 25minutes/day.
To achievealmost800menwith outcomedataat12months,weestimatedwewouldneedto
randomise1,000participants.

Statisticalanalysis
ContinuousdataaresummarisedasmeanandSD,medianandinterquartilerange(IQR),or
meanandstandarderror (SE)for multiply-imputeddatain thecost-effectivenessanalyses.
Categoricaldataaresummarisedasfrequenciesandpercentages.Outcomespost-programme
andat12monthswereanalyzedusinglinearmixed-effectsregressionmodels,adjustedfor
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randomisedgroupandbaselinevalueof theoutcomemeasureasfixedeffects,andfootball
clubandcountryasrandomeffects.Model residualdistributionswereexaminedgraphically,
anddataweretransformedasnecessary.All analyseswereintention-to-treat.

Baselinedataweresummarisedbyrandomisedgroupandfor thosewhodid or did not pro-
videoutcomeactivPALdataat thepost-programmeand12-monthassessmentpoints,to assess
therepresentativenessof thosewhoprovidedoutcomedatafor analysis.

Sensitivityanalyseswerecarriedout for analysesof thetwo primary outcomesandfor
bodyweight:(a)multiple imputationof missingbaselinedata,(b) repeatedmeasuresanaly-
sis,usingdatafrom all threetime pointsin thesamemodel,and(c) analysesto accountfor
wakingweartime (theduration for whichtheactivPALdevicewasworn whilst thepartici-
pantwasawake).

For repeatedmeasuresanalyses,datafrom all threetime points(baseline,post-programme,
and12months)wereincludedasoutcomes;fixedeffectswereincludedfor randomisedgroup,
time point, footballclub,andarandomisedgroup-by-timeinteraction.A randomparticipant
effectwasincluded,andageneral(unstructured)covariancestructurewasallowedfor model
residualsacrossthethreetime points.Interventioneffectsatpost-programmeand12months
wereestimatedusingtheinteractiontermsfrom thesemodels.

Two methodswereusedto accountfor wakingweartime.First,theprimary analysismod-
elswererepeatedusingthemeannumberof stepsperhour andthepercentageof wakingtime
spentsedentaryasoutcomevariables.Second,therepeatedmeasuresanalysesdescribedabove
wererepeatedwith wakingweartime includedasafixedeffect.

For theprimary outcomesandweightat12months,interventioneffectheterogeneitywas
assessedbyextendingtheregressionmodelsto includegroup-by-moderatorinteraction
terms.Moderatingfactorsconsideredwereage,maritalstatus,yearsof education,employment
status,income,club,country,baselineBMI, long-standingillness,andpain in upperand
lowerjoints.

All �-valuesaretwo-sided.For theprimary outcomes,�-values<0.025areconsideredsta-
tisticallysignificant.Forall otheranalyses,no adjustmenthasbeenmadefor multiplecompari-
sons,and�-values<0.05areconsideredsuggestiveof trueassociations.Thestatisticalanalysis
planisprovidedin S1AnalysisPlan.

Cost-effectivenessanalysis
Weusedmultiple imputation,usingpredictivemeanmatchingto accountfor theskeweddis-
tribution of coststo imputemissingcostsandeffects.Weconstructed20imputeddatasets
(lossof efficiency,<5%). Mixed-effectsregressionmodelsestimatedeffectdifferences,andlin-
earregressionmodelsestimatedcostdifferences.Wecalculatedincrementalcost-effectiveness
ratios(ICERs)bydividing thecostdifferencebetweentheinterventionandcomparison
groupsby theeffectdifference.Statisticaluncertaintywasestimatedusingbias-correctedand
acceleratedbootstrappingwith 5,000replicationsandplottedon cost-effectivenessplanes.
Cost-effectivenessanalysis(CEA)curvesshowtheprobabilitythat theEuroFITprogramme
wascost-effectivecomparedwith thecomparisongroupfor arangeof differentceilingratios.
Theceilingratio is theamountof moneysocietyiswilling to payfor oneunit of effectextra.
Thisceilingratio issetatamaximumof £30,000perQALY bytheNationalInstitutefor Health
andCareExcellence(NICE).However,for othereffectmeasures(suchasstepsperday),such
predefinedceilingratiosarenot available.

A sensitivityanalysisconsideredcost-effectivenessfrom thehealthcareprovider'sperspec-
tive(i.e.,excludingabsenteeismcosts).Wealsoperformedacompletecaseanalysisto examine
if imputation influencedour results.
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Public involvement
Membersof thepublicwhohadexperienceof similarprogrammesweremembersof our Stra-
tegicPartnersAdvisoryBoardandTrial SteeringCommitteeandshapedthedevelopmentof
theprotocol.Others,whohadno previousinvolvementin similarprogrammesandwere
recruitedthroughparticipatingfootballclubs,advisedon thedevelopmentof theEuroFITpro-
gramme,specificallyin commentingon prototypesof theSitFITdeviceandMatchFITapp.
Theyalsocommentedon trial proceduresin atestof our measurementproceduresundertaken
beforebaselinemeasurement.

Ethicsapprovalandconsentto participate
Thestudywasapprovedin eachcountryby localethicscommitteesbeforethestartof the
EuroFITstudy(ethicscommitteeof theVU UniversityMedicalCenter[2015.184];Regional
committeesfor medicalandhealthresearchethics,Norway[2015/1862];EthicsCouncilof
theFacultyof HumanKinetics,Universityof Lisbon[CEFMH 36/2015];andEthicsCommit-
teeat theUniversityof GlasgowCollegeof Medicine,VeterinaryandLifeSciences[UK]
[200140174]).Written informedconsentto participatein thestudywasbeobtainedfrom all
participants.

Data access
SW,CB,EA,MNS,FvN,SK,JJ,SK,PMcS,�R, GCR,AMcC,HvdPhadfull accessto thedata.
All otherauthorscontributedto datainterpretation.

Transparencydeclaration
Theleadauthor(SW)affirmsthat thismanuscriptisanhonest,accurate,andtransparent
accountof thestudybeingreported;thatno important aspectsof thestudyhavebeenomitted;
andtherewereno deviationsfrom protocol.

Thetrial is registeredin theInternationalStandardRandomisedControlledTrialsregistry
asISRCTN32677491.

Results
ParticipantswererecruitedbetweenSeptember19,2015,andFebruary2,2016.Participant
flow throughthetrial isshownin Fig1.Main reasonsfor exclusionfor menwhoshowed
interestin thetrial wereBMI <27 kg/m2 (42.4%),inability to reachmenaftertheyexpressed
interest,mennot beingapproachedbecausethestudyhadreachedthemaximumnumberof
participantsataclub(39.3%).Participantsspannedall sociodemographicgroups,but amajor-
ity were`native'to thestudycountry(meaningeachof theparticipant,their mother,andtheir
fatherwasborn there),hadat least12yearsof education,werein full-time work,andwere
marriedor living with apartner(Table1).At baseline,participants'meandailystepcountwas
8,372steps/day,sedentarytime was625minutes/day,andBMI was33.2kg/m2.

Thosewhoprovidedoutcomedata(i.e.,thosewhoreturnedactivPALmonitorswith at
least4validdaysof measurements)were,on average,approximately2yearsolderthanthose
whodid not, andslightlymorelikely to bemarried(S1Tables,TableA). Therewasno clear
differencein incomein thosewhoprovidedoutcomedata,nor in ethnicity,education,
employment,or prevalentlong-standingillness.In termsof baselinemeasuresof studyout-
comes(S1Tables,TableB),thosewhoprovidedoutcomeweregenerallymoreactiveandless
obeseatbaseline,comparedwith thosewhodid not provideoutcomedata.This isacommon
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featureof lifestyleinterventionstudies,in whichthosewith thepoorestlifestylearehardestto
engagein research.

Weobserveddeliveriesof thefourth sessionin 14/15clubs.In these,coachesdelivered221
of 252(88%)keytasks.Coachesin eachof the15clubsprovidedattendancerecordsfor 553
programmeparticipants:of these,473men(85.6%)attendedat least6 of the12sessions;296
(53.5%)attended10or moresessions;and85(15.3%)attendedall 12sessions.Intervention
participantsratedtheir overallexperienceof theEuroFITprogrammepositively,producinga
medianscoreof 9 on a10-pointscale(IQR 8,10;70missing).Askedto report their useof the
SitFITandMatchFIT,65.1%of interventionparticipantsreportedtheyusedtheSitFIT`agreat
deal'(score4 on ascaleof 0±4)and36.8%reportedtheyusedMatchFIT`agreatdeal'.

Theinterventiongrouphadahighermeandailystepcountat12monthsthanthecompari-
songroup(estimateddifference:678steps/day[97.5%confidenceinterval(CI), 309±1,048],
� < 0.001).Therewasno evidenceof adifferencebetweengroupsin sedentarytime (estimated
difference:�1.6 minutes/day[97.5%CI, �14.3±11.0],� = 0.77)(Table2). In post-programme
measurement,largerbetween-groupdifferencesin stepcounts(estimateddifference:1,208
steps/day[95%CI, 869±1,546])andsedentarytime (estimateddifference:�14.4 minutes/day
[95%CI, �25.1 to �3.8]) wereobserved(Fig2).Sensitivityanalysesusingmultiple imputations,
adjustingfor activPALweartime andrepeatedmeasuresanalysis,showedbroadlysimilar
results(S1Tables,TablesC,D andE).

Datasummariesfor participantswhoprovideddataatbothbaselineandpost-programme,
or baselineand12months,areprovidedin S1Tables,TablesFandG.

Therewasno evidencethat improvementin physicalactivityat12monthsvariedbyage,
maritalstatus,yearsof education,employmentstatus,income,club,country,baselineBMI,
long-standingillness,or pain in upperandlowerjoints.Therewasasignificantinteraction

Fig 1. EuroFIT trial flowchart. BMI, bodymassindex;EuroFIT,EuropeanFansin Training;PARQ+,PhysicalActivity Readiness
Questionnaire-Plus.

https://doi.org/10.1371/journal.pmed.1002736.g001
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betweentheeffectof theprogrammeon sedentarytime at12monthsandlimiting long-stand-
ing illness(� = 0.034),sothat thosewith limiting long-standingillnessincreasedtheir seden-
tary time.Therewasno evidenceof anyotherinterventioneffectdifferencesbetween
subgroups(S1Fig,FigureA andB).

Meanbodyweight,BMI, waistcircumference,andtheproportion of participantswith BMI
�30 kg/m2 all improvedsignificantlyin favorof theinterventiongroup(Table3).Theinter-
ventioneffecton bodyweightvariedbybaselineBMI (interaction� < 0.001),with greater
effectsseenin thosewith largerBMI atbaseline(S1Fig,FigureC).

All self-reportedbehaviours,includingdiet, improvedpost-programmeandat12months
in favorof theintervention,exceptalcoholintake,which improvedonly at12months
(Table4).In contrastto objectivemeasurements,self-reportedsitting time at12monthssignif-
icantlydecreasedin theinterventiongroupcomparedwith comparison.

Theinterventionalsoimprovedseveralcardiovascularrisk biomarkersat12months.Sys-
tolic anddiastolicbloodpressurewereboth improved;fastinginsulin andHOMAIR were
reducedby15%;andfastingtriglycerides,andALT andGGTconcentrationswerereducedby
7%±8%(Table5).

Table1. Baselinesociodemographic characteristics of participants allocatedto the EuroFIT programmeimmediately (Intervention) or after 12months (Compari-
son). Dataaremean(SD),or � (%).� (missing)arereportedwherenecessary.

Sociodemographiccharacteristics Intervention (� = 560) Comparison(� = 553)

Age(years) 45.9(9.0) 45.6(8.7)

`Native' to studycountry (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%)

Incomea 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-standing illnesses 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%)

aCountry-specificquintiles(low, lowestquintile of incomein thatcountry;high,highestquintile of income)

Abbreviations:EuroFIT,EuropeanFansin Training;SD,standarddeviation.

https://doi.org/10.1371/journal.pmed.1002736.t001
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Theinterventionsignificantlyimprovedself-reportedwell-being,self-esteem,andvitality,
but not qualityof life,asmeasuredby theEQ-5D-5Lat12months(Table6).

Theinterventiongroupreportedmorerecentinjuriesandhigherupperandlowerjoint
painscorespost-programme,andahigherlowerjoint painscoreat12months(Table7).

Pricespercostitem andunadjustedmeandifferencesin costsbetweenthetwo groupsare
presentedin Table8.Costsof theEuroFITprogrammedifferedbetweencountries,ranging
from £189.5to £267.5perparticipant.Therewereno significantdifferencesin anyothercost
categoriesbetweeninterventionandcomparisongroupsexceptfor visitsto physiotherapists.
Therewasno statisticallysignificantdifferencein total societalcosts.

Themeandifferencein QALYsbetweentheinterventionandcomparisongroupwassmall
andnot statisticallysignificant(Table9).OneQALY lostin theinterventiongroupwasassoci-
atedwith anincrementalcostof £126,119comparedwith thecomparisongroup.Theproba-
bility of EuroFITbeingcost-effectivecomparedwith thecomparisongroupwasatmost0.13
for ceilingratiosup to 30,000£/QALY (S2Fig).

Oneadditionalstep/dayin theinterventiongroupwasassociatedwith anincrementalcost
of £0.41comparedwith thecomparisongroup(equatingto £410per1,000extrasteps/day).
Therewasa0.95probabilityof EuroFITbeingcost-effectivecomparedwith thecomparison

Table2. Objectively assessedphysicalactivity andsedentarytime outcomemeasuresfor participants allocatedto the EuroFIT programmeimmediately (interven-
tion) or after 12months (comparison). Dataaremean(SD).Intervention effectsestimatedaremeandifferences(95%CI), derivedfrom mixed-effectsregression
models� � .

Measuresof objectively assessedphysicalactivity and
sedentarytime

Intervention Comparison Intervention effect

� Mean(SD) � Mean(SD) Estimate (95%CI) �

Number of steps(stepsper day) Baseline 557 8,438(3,211) 549 8,306(3,146) Difference

Post-programme 464 9,801(3,730) 471 8,518(3,254) 1,208 (869±1,546) � < 0.001

12months 451 9,234(3,530) 470 8,494(3,168) 678 (309±1,048)� � < 0.001

Sedentarytime (minutes per day) Baseline 557 621(108) 549 630(110) Difference

Post-programme 464 597(109) 471 613(105) �14.4 (�25.1 to �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-programme 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

� CI (97.5%)reportedfor primary outcomes(12months).
� � All modelsof continuousoutcomeswereadjustedfor baselinescores.

Abbreviations:CI, confidenceinterval;EuroFIT,EuropeanFansin Training;SD,standarddeviation.

https://doi.org/10.1371/journal.pmed.1002736.t002
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Fig 2. Primary outcomes(activPAL activity monitor). Model-predictedmeannumberof stepsperdayanddaily
sedentarytime,basedon repeatedmeasuresregressionmodels.

https://doi.org/10.1371/journal.pmed.1002736.g002

Table3. Physicalmeasuresfor participants allocated to the EuroFIT programmeimmediately (Intervention) or after 12months (comparison). Dataaremean(SD)
or � (%).Intervention effectsestimatedaremeandifferencesor oddsratios(95%CI), derivedfrom mixed-effectsregressionmodels� � .

Physicalmeasures Intervention Comparison Intervention effect

� Mean(SD) � Mean(SD) Estimate (95%CI) �

Weight (kg) Baseline 559 105.3(17.5) 550 106.5(17.7) Difference

Post-programme 500 102.2(16.7) 504 105.8(17.5) �2.6 (�3.1 to �2.1) � < 0.001

12months 484 101.8(16.6) 501 105.7(18.4) �2.4 (�3.1 to �1.7) � < 0.001

BMI (kg/m2) Baseline 559 33.1(4.6) 550 33.4(4.7) Difference

Post-programme 500 32.1(4.4) 504 33.3(4.7) �0.8 (�1.0 to �0.7) � < 0.001

12months 484 32.0(4.4) 501 33.2(5.0) �0.8 (�1.0 to �0.5) � < 0.001

Waist circumference(cm) Baseline 559 111.0(12.0) 550 111.6(12.5) Difference

Post-programme 502 107.3(11.9) 507 110.9(12.5) �3.3 (�3.8 to �2.7) � < 0.001

12months 480 107.6(12.3) 503 110.9(13.0) �2.7 (�3.4 to �1.9) � < 0.001

BMI (�30kg/m 2) Baseline 559 398(71.2%) 550 415(75.5%) Oddsratio

Post-programme 500 320(64.0%) 504 383(76.0%) 0.3433 (0.23±0.47) � < 0.001

12months 484 308(63.6%) 501 366(73.1%) 0.5756 (0.38±0.82) � = 0.003

Lossof at least5%bodyweight� Oddsratio

Post-programme 499 109(21.8%) 504 32(6.3%) 4.47 (2.91±6.87) � < 0.001

12months 483 121(25.1%) 501 60(12.0%) 2.58 (1.82±3.65) � < 0.001

� Modelsadjustedfor baselineweight(kg).
� � All modelsof continuousoutcomeswereadjustedfor baselinescores,andall logisticregressionmodelsfor binaryoutcomeswereadjustedfor thepresenceof the

measureatbaseline,with theexceptionof >5% weightloss,whichwasadjustedfor weightatbaselineasacontinuouscovariate.

Abbreviations:BMI, bodymassindex;CI, confidenceinterval;EuroFIT,European Fansin Training;SD,standarddeviation.

https://doi.org/10.1371/journal.pmed.1002736.t003
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groupataceilingratio of £1.50perextrastep/day.Oneminute lesssedentarytime in theinter-
ventiongroupwasassociatedwith anincrementalcostof £172comparedwith thecomparison
group.Themaximumprobabilityof cost-effectivenessfor sedentarytime was0.61ataceiling
ratio of £1,800perminute lesssedentarytime.Theincrementalcostof EuroFITfor anaddi-
tional participantachievingadecreasein weightof at least5%was£2,228.Therewasa0.95

Table4. Self-reportedbehaviouraloutcomesfor participants allocated to the EuroFIT programmeimmediately (intervention) or after 12months (comparison).
Dataaremean(SD)or � (%).Intervention effectsestimatedaremeandifferencesor oddsratios(95%CI), derivedfrom mixed-effectsregressionmodels� � � .

Self-reported behaviouraloutcomes Intervention Comparison Intervention effect

� Mean(SD) � Mean(SD) Estimate (95%CI) �

Total physicalactivity (IPAQ) (MET-minutesper week)� � Baseline 557 2,254
(2,686)

549 2,371
(2,797)

Difference

Post-
programme

499 3,717
(3,307)

505 2,741
(2,951)

1,020 (691±1,348) � < 0.001

12months 489 3,523
(3,158)

504 2,670
(2,899)

894 (571±1,216) � < 0.001

Recommendedactivity (IPAQ) (MVPA � 150minutesper
week)

Baseline 557 251(45.1%) 549 255(46.4%) Odds
ratio

Post-
programme

499 338(67.7%) 505 269(53.3%) 1.98 (1.51±2.60) � < 0.001

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-
programme

490 10.4(4.0) 495 11.3(4.1) �0.85 (�1.31 to �040) � < 0.001

12months 487 10.1(3.8) 503 11.1(4.0) �1.06 (�1.50 to �0.61) � < 0.001

Activity ChoiceIndex (range1±5) Baseline 495 2.4(0.7) 484 2.4(0.7) Difference

Post-
programme

448 3.2(0.7) 452 2.5(0.7) 0.66 (0.58±0.74) � < 0.001

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-
programme

498 16.5(5.5) 505 18.1(5.8) �1.65 (�2.26 to �1.04) � < 0.001

12months 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-
programme

498 4.4(2.7) 505 5.3(3.0) �0.94 (�1.231 to
�0.66)

� < 0.001

12months 488 4.6(2.4) 503 5.3(3.1) �0.67 (�0.97 to �0.38) � < 0.001

Fruit and vegetablescore(range1±12) Baseline 551 4.0(2.8) 543 3.8(2.6) Difference

Post-
programme

498 5.2(3.0) 504 3.9(2.5) 1.26 (0.94±1.58) � < 0.001

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-
programme

478 5.5(7.1) 470 6.3(8.2) �0.65 (�1.37±0.06) � = 0.073

12months 486 5.0(6.4) 503 6.0(8.6) �0.96 (�1.74 to �0.18) � = 0.016

� � IPAQ MET-minutesreportedsetmaximumvaluesat180minutes/day for walking,andothermoderateandvigorousphysicalactivityseparately,beforeconversionto

MET-minutes.
� � � All modelsof continuousoutcomeswereadjustedfor baselinescores.

Abbreviations:CI, confidenceinterval;EuroFIT,EuropeanFansin Training;IPAQ, International PhysicalActivity Questionnaire(ShortForm);MET, metabolic

equivalenttask;MVPA, moderate to vigorousphysicalactivity;SD,standarddeviation.

https://doi.org/10.1371/journal.pmed.1002736.t004
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probabilityof EuroFITbeingcost-effectivecomparedwith thecomparisongroupataceiling
ratio of £6,000peradditionalparticipantachievingadecreasein weightof at least5%,£1per
additionalminuteof physicalactivity,and£6,000peradditionalparticipantmeetingthephysi-
calactivityguidelines.

Theresultsof thecost-effectivenessanalysisfrom ahealthcareproviderperspective
(Table8) andusingcompletecasesonly werecomparableto themainanalysis.

SevenSAEswerereported,sixin theinterventiongroup(diagnosisof heartdisease,frac-
turedwrist, fracturedrib, two anteriorcruciateligamentruptures,andatorn meniscus)and
onedeathin thecomparisongroup.Fiveweredeemedlikely to beassociatedwith EuroFIT
(thefracturedrib occurredduring awarm-upataEuroFITsession;theotherinjuriesoccurred
during footballmatchesorganisedbyparticipantsaftertheprogrammehadfinished,but still
indirectly linked to participationin theprogramme).

Table5. Metabolicbiomarkersfor participants allocated to the EuroFIT programmeimmediately (intervention) or after 12months (comparison). Dataaremean
(SD)or � (%).Interventioneffectsestimatesaremeandifferences(with 95%CIs),derivedfrom mixed-effectsregressionmodels,or geometricmeanratios(with 95%CIs)
(95%CI estimatesderivedfrom mixed-effectsregressionmodelsof log-transformedbiomarkers).

Metabolicbiomarkers Intervention Comparison Intervention effect

� Mean(SD) � Mean(SD) RelativeEstimate (95%CI) �

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

Post-programme 501 130.9(13.7) 507 132.6(13.9) �0.7 (�1.8±0.5) � = 0.280

12months 479 131.3(13.4) 501 133.8(14.2) �1.2 (�2.5±0.0) � = 0.047

Diastolic blood pressure(mmHg) Baseline 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 (�2.1 to �0.4) � = 0.004

Fastingglucose(mmol/L) Baseline 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±1.02) � = 0.643

Fastinginsulin (mmol/L) Baseline 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±0.94) � < 0.001

HOMA IR Baseline 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±0.94) � = 0.002

HbA1c (mmol/mol ) Baseline 508 35.1(7.1) 498 35.4(8.9) Differenceratio

12months 386 34.6(6.5) 399 35.7(9.1) 0.99 (0.98±1.01) � = 0.358

Triglycerides(mmol/L) Baseline 509 2.19(1.72) 497 2.31(1.74) Differenceratio

12months 389 1.98(1.39) 402 2.27(1.37) 0.92 (0.87±0.98) � = 0.006

Total cholesterol(mmol/L) Baseline 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±1.00) � = 0.064

HDL cholesterol (mmol/L) Baseline 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±1.05) � = 0.091

AST(U/L) Baseline 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) Baseline 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) Baseline 509 42.8(39.8) 497 45.7(45.5) Differenceratio

12months 389 39.5(51.8) 402 40.8(32.9) 0.93 (0.88±0.97) � = 0.003

Abbreviations:ALT, alanineaminotransferase;AST,aspartateaminotransferase;GGT,gamma-glutamyltransferase;HbA1c,hemoglobin A1c;HDL, high-density

lipoprotein; HOMAIR, homeostasismodel-estimatedinsulin resistance; SD,standarddeviation.

https://doi.org/10.1371/journal.pmed.1002736.t005
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Discussion

Principal findings
A largenumberof menexpressedinterestin theEuroFITprogrammein eachof the15football
clubs.Theprogrammehelpedparticipantsto achieveincreasesin objectivelymeasuredphysi-
calactivitybut did not resultin alastingdecreasein objectivelymeasuredsedentarytime 12
monthsafterbaseline.TheEuroFITprogrammealsohelpedmento improvesecondaryout-
comesincludingweight,waistcircumference,diet,well-being,self-esteem,andvitality. How-
ever,in thewithin-trial analysistheprogrammedid not improvequalityof life asmeasuredby
EQ-5D-5Landhencewasnot cost-effectivebasedon QALYs.

Table6. Self-reportedpsychosocialoutcomesfor participants allocatedto the EuroFIT programmeimmediately (intervention) or after 12months (comparison).
Dataaremean(SD).Intervention effectsestimatedaremeandifferences(95%CI), derivedfrom mixed-effectsregression models.

Self-reported psychosocialoutcomes Intervention Comparison Intervention effect

� Mean(SD) � Mean(SD) Estimate (95%CI) �

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-EsteemScore(range0±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 Scale(range4±28) Baseline 554 18.3(5.2) 547 18.4(5.2) Difference

Post-programme 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-5L Health Utility Score(range�0.285±1,000) Baseline 552 0.926(0.1) 543 0.927(0.9) Difference

Post-programme 498 0.924(0.1) 505 0.923(0.1) 0.001 (�0.009±0.011) � = 0.905

12months 487 0.920(0.1) 502 0.923(0.1) �0.003 (�0.015±0.008) � = 0.553

Abbreviations:CI, confidenceinterval;EQ-5D-5L, five-levelEuroQoLquestionnaire; EuroFIT,EuropeanFansin Training;SD,standarddeviation.

https://doi.org/10.1371/journal.pmed.1002736.t006

Table7. Self-reportedinjuries and joint pain for participants allocated to the EuroFIT programmeimmediately (intervention) or after 12months (comparison).
Dataare� (%).Intervention effectsestimatedareoddsratios(95%CI), derivedfrom mixed-effectsregression models.

Self-reported injury or joint pain Intervention Comparison Intervention effect

� � (%) � � (%) Estimate (95%CI) �

Suffereda recentinjury in last 3 months Baseline 558 23(4.1%) 549 34(6.2%) Oddsratio

Post-programme 502 111(22.1%) 508 57(11.2%) 2.33 (1.64±3.32) � < 0.001

12months 479 52(10.9%) 500 43(8.6%) 1.31 (0.84±2.02) � = 0.231

Upper joint pain score,limiting activity� Baseline 556 156(28.1%) 548 132(24.1%) Oddsratio

Post-programme 502 162(32.3%) 508 120(23.6%) 1.58 (1.16±2.16) � = 0.004

12months 480 158(32.9%) 503 133(26.4%) 1.43 (1.05±1.93) � = 0.022

Lower joint pain score,limiting activity� Baseline 557 123(22.1%) 548 97(17.7%) Oddsratio

Post-programme 502 155(30.9%) 508 104(20.5%) 1.78 (1.30±2.43) � < 0.001

12months 480 155(32.3%) 501 117(23.4%) 1.64 (1.20±2.24) � = 0.002

� Limiting activitywasscoredasthemaximumimpactthatanyof thejoints hadon limiting activity,rangingfrom 0±4,with 0 = not atall,and4 = averygreatdeal,

whichwasdichotomisedto not atall (0) or at leastsomeimpact(1±4).

Abbreviations:CI, confidenceinterval;EuroFIT,EuropeanFansin Training.

https://doi.org/10.1371/journal.pmed.1002736.t007
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Table8. Multiple imputed,unadjustedcostsusedby participants allocated to the EuroFIT programmeimmediately (intervention) or after 12months (compari-
son),and their unit costs(£, 2016)over12-month follow-up.

Resource Unit costs Intervention (� = 560) Comparison(� = 553) Meandifference£ (95%CI)

Unit Unit costsor range(£) Mean£ (SE) Mean£ (SE)

GP Visit 31 93(7.9) 95(5.4) �2 (�18±13)

Physiotherapist 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 (�9±5)

Mental health therapista Visit 121 49(16.8) 50(11.7) �1 (�34±32)

Complementary therapist Visit 48 19(8.5) 10(6) 9 (�11±39)

Other healthcareprofessionals 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 spentathospital 405 202(84.5) 166(59.5) 36(�130±202)

Medicationc Costperdailydose 0.06±419.62 136(23.5) 135(16.7) 1 (�45±47)

EuroFIT programme Preparation 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)

aIncluding socialworker,psychologist,andpsychiatrist.
bIncluding mainlymedicalspecialists.
cIncluding cardiovascular,pain,inhalers,antidepressant, andothermedication.

Abbreviations:CI, confidenceinterval;EuroFIT,EuropeanFansin Training;GP,generalpractitioner;N/A, not applicable;SE,standarderror.

https://doi.org/10.1371/journal.pmed.1002736.t008

Table9. Adjusteddifferencesin meancosts(£, 2016)andeffects(95%CI) at 12-month follow-up, and ICERs.

Analysis �ïC (95%CI) �ïE (95%CI) ICER CEplanequadrants

Outcome £ Units £/Unit NE SE SW NW

Societalperspective (main analysis)

QALYs 300(�226±822) �0.002 (�0.009±0.005) �126,119 21 5 8 66

Numberof dailysteps(activPAL) 300(�226±822) 730(406±1,054) 0.41 87 13 0 0

Daily sedentary time (activPAL) 300(�226±822) 1.74(�9.8±13.3) 172 52 9 4 35

Meetphysicalactivityguideline(IPAQ) 300(�226±822) 0.15(0.09±0.20) 2,056 87 13 0 0

Totalweeklyphysicalactivity(IPAQ) 300(�226±822) 920(613±1,228) 0.33 87 13 0 0

�5% decreasein 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 dailysteps(activPAL) 372(125±625) 730(406±1,054) 0.51 99 1 0 0

Daily sedentary time (activPAL) 372(125±625) 1.74(�9.8±13.3) 214 61 0.5 0.5 38

Meetphysicalactivityguideline(IPAQ) 372(125±625) 0.15(0.09±0.20) 2,554 99 1 0 0

Totalweeklyphysicalactivity(IPAQ) 372(125±625) 920(613±1,228) 0.41 99 1 0 0

�5% decreasein weight 372(125±625) 0.14(0.09±0.18) 2,768 99 1 0 0

Abbreviations:�ïC, meandifferencein costsbetweentheinterventionandcomparison; �ïE, meandifferencein effectsbetweentheintervention andcomparison;CE,

cost-effectiveness;CI, confidenceinterval;EuroFIT,EuropeanFansin Training;ICER,incrementalcost-effectivenessratio; IPAQ, InternationalPhysicalActivity

Questionnaire(ShortForm);NE,northeast, i.e.,EuroFITis moreexpensiveandmoreeffectivethancomparison; NW, northwest,i.e.,EuroFITis moreexpensiveand

lesseffectivethancomparison; QALY,quality-adjustedlife-year;SE,southeast,i.e.,EuroFITis lessexpensiveandmoreeffectivethancomparison; SW,southwest,i.e.,

EuroFITis lessexpensiveandlesseffectivethancomparison.

https://doi.org/10.1371/journal.pmed.1002736.t009
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Strengthsandweaknessesof the study
TheEuroFITprogrammewasbasedon thesuccessfulweightlossandhealthyliving pro-
gramme,FFITand,like FFIT,hadwideinclusioncriteria.It hadasoundtheorybaseand
logicmodel[13], thebehaviourchangetechniquè toolbox'includedthoseknownto initiate
andsustainbehaviourchange[33,34],andtheprogrammedrewon sociologicalunderstand-
ing of masculinitiesto attractandretainparticipants[9,14].EuroFITwaswell regardedby
participants,over80%of whomattendedat leasthalfof thesessions.Post-programme,65%of
menin theinterventiongroupreportedusingtheSitFITdeviceto self-monitorstepsandsit-
ting time `agreatdeal';37%reportedusingthegame-basedMatchFITappto encourageinter-
actionbetweensessionsandaftertheprogrammeended̀ agreatdeal'.AlthoughEuroFIT
attractedmenfrom acrossthesocioeconomicspectrum,themajority whotook partwerewell
educatedandin paidwork.With no obviousdenominatorpopulation,wehaveno wayof
knowingif thoseattractedarerepresentativeof all menfrom localfanbaseswhosupportpar-
ticular clubs.

Therewasanincreasein recentinjuriesandin upperandlowerjoint painscorespost-pro-
gramme,whichmight alsoexplainhigherphysiotherapistcostsobservedin theintervention
group.Althoughobservationsto assessoverallfidelity showedthatcoachesdelivered88%of
tasksasintended,preliminaryanalysesof otherprocessevaluationdatasuggestthatcoaches
sometimesdeliveredphysicalactivitysessionsthatweremorevigorousthanspecifiedanddid
not sufficientlyemphasisewarm-upandcooldownexercises.A focusduring the2-daycoach
training maybeneededto avoidtoo manyinjuries.

TheEuroFITevaluationspannedfour Europeancountriesand15professionalfootball
clubs,usedobjectivemeasurementof physicalactivityandsedentarytime,andretainedover
80%of participantsto objective12-monthoutcomemeasurement.Thissuggeststhat the
resultsarelikely to begeneralisableto otherfootballclubswithin Europe.It wasnot possibleto
blind participantsto whichgrouptheywerein, althoughphysicalactivityandsedentarytime
wereobjectivelyassessed.

Themenattractedto theprogrammealreadyhadquitehigh levelsof physicalactivityat
baseline(8,372steps/day).Thismayhavelimited theroom for improvementandledto under-
estimationof thepotentialeffectsof theprogrammeif lessactiveparticipantswererecruited.It
hasbeenknownfor sometime that recruitmentof thosemostin needof physicalactivity
interventionsismorechallengingthanrecruitingthosewhoarealreadyreasonablyactive[35].
It ispossiblethatevenmoreactive,personalisedapproachesto recruitment[36] andlimiting
eligibility to thosewhodo not achievetherecommendedlevelsof physicalactivitywouldhelp
to avoidanoverrepresentationof moreactivemenandwouldprovidemoreopportunity for
lessactivemento join theprogramme.

Another limitation is thepotentialfor possiblereactivityeffects,in whichparticipants
changetheir physicalactivityandsedentarybehavioursduring themeasurementweek.Dueto
theunblindednatureof thestudy,theeffectivenessof theinterventionmight havebeenover-
estimatedif theinterventiongroupdid increasetheir activitylevelsmorethanthecomparison
groupasaresultof socialdesirability.However,no studiesto datehavereportedon substantial
reactivityeffectsin studiesusing7-dayaccelerometerassessments.

Strengthsandweaknessesin relation to other studies
EuroFITshowedaboveaverageimprovementsin physicalactivitycomparedwith systematic
reviewsandmeta-analysisof otherphysicalactivityinterventionprogrammes[37±39].The
findingsfrom theEuroFITtrial reinforcethosefrom arecentsystematicreviewsuggesting
thatgender-sensitisedphysicalactivityinterventionsin professionalsportssettingsarea
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promisingroutefor promotingmen'shealth[8]. Thereviewidentifiedseveralphysicalactivity
interventionsin thissetting;theFFITstudy,designedto helpoverweightmenloseweight
throughimprovementsin physicalactivityanddiet,wastheonly largerandomisedcontrolled
trial [40]. Recentlong-termfollow-upof participantsin theFFITstudyshowedthat improve-
mentsin weightlossandin self-reportedphysicalactivityweremaintained3.5yearsafterbase-
line [10]. TheFFITprogrammehasbeenadaptedfor deliveryCanada(in icehockey)[41] and
Australia(in Aussierulesfootball)[42]. FFIT formedthebasisfor thedevelopmentof EuroFIT;
thesuccessof theEuroFITprogrammeoffersfurther evidenceof thelong-termpublichealth
potentialof thisapproach.

TheFFIT trial reportedgreaterweightloss(4.94kg;95%CI, 4.0±5.9)thanwefound in
EuroFIT(2.4kg;95%CI, 1.7±3.1),althoughimprovementsin self-reportedphysicalactivity
werebroadlycomparable.Thesedifferencesmaybebecausedietarychoicewasintroduced
laterin EuroFITthanin FFITandweightlossemphasisedonly for thosewhowantedto do so.
In FFIT,dietaryandphysicalactivitychangeswerebothemphasisedaswaysof achievingand
maintainingahealthierweight.

Thefocusof EuroFITon reducingsedentarytime wasonly successfulin theshortterm.A
systematicreviewshowedsimilarlyshort-livedreductionsin sedentarytime [43], although
someinterventionsshowedeffectsup to 12months.Workplaceinterventionshaveachieved
largerreductionsin sedentarytime,althoughconsistentlong-termchangehasnot yetbeen
reported[44]. Thereareno clear,publiclyknownguidelinesfor reducingsedentarytime,
knowledgeof theassociationbetweenhigh levelsof sedentarytime andhealthisstill not wide-
spread,andsedentarytime isoftenconfusedwith physicalinactivity [45]. Preliminaryanalyses
of qualitativedatafrom EuroFIT'sprocessevaluationsuggestthatbothparticipantsand
coacheswereconfusedby thecombinedmessagesof increasingphysicalactivityandsimulta-
neouslyincreasingtime spentupright.Forexample,theSitFITdevicewaslikedbyparticipants
but mostlyusedto self-monitorstepping;fewparticipantsreportedself-monitoringtime spent
upright.Futurelifestyleinterventionstudiesshouldattemptto ensurethatparticipantsunder-
standthedistinctionandappreciatethebenefitsof decreasingsedentarytime,aswellas
increasingphysicalactivity.

AlthoughtheEuroFITprogrammewasnot expensiveto deliver(between£180and£268
perparticipant),thelackof improvementin qualityof life (asmeasuredby theEQ-5D-5L)
meantthat theprobabilityof it beingcost-effectiveatceilingratiosup to £30,000perQALY
wasonly 0.13overa12-monthtime frame.Theequivalentprobabilityfor theFFITpro-
gramme,whichestimatedQALYsviatheShortForm-12(SF12)questionnaireratherthanEQ-
5D-5L,was0.89at thesameceilingratio overthesametime frame[40]. AlthoughtheEQ-5D-
5L isnow thepreferredmeasurefor cost-effectivenessanalysesacrossEurope,baselineEQ-
5D-5Lutility scoreswererelativelyhigh in EuroFIT(0.93),suggestingaceilingeffectthat lim-
its room for improvementin EQ-5D-5Lutility scores.WhethertheEuroFITprogrammeis
consideredcost-effectivefor physicalactivityandbodyweightat12monthsandshorter-term
improvementin sedentarytime dependson decision-makers'willingnessto payfor the
observedimprovementsin theseoutcomes.Wearein theprocessof developingamodelof
longer-termcost-effectivenessovera5-yearhorizonto representthebenefitsof physicalactiv-
ity in reducingtheincidenceof four chronichealthconditions(colorectalcancer,type2diabe-
tes,coronaryheartdisease,andstroke)andmortality.

Meaningof the study
Wehaveaddedto previousevidence[8,40]thatsuggestsengagingmenin physicalactivity
throughprogrammesthatwork with existingconstructsof masculinityisapromisingroute
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for promotingmen'shealth.Wehaveshownthat,whileparticipationin theEuroFITpro-
grammedid not resultin improvementin sedentarytime, it did resultin improvementsin
physicalactivity,bodyweight,waistcircumference,diet,well-being,vitality, andself-esteem
andalsoto cardiovascularrisk biomarkers.

A 678steps/dayincreasein objectivelymeasuredphysicalactivityissubstantial.Objectively
measuredlevelsof physicalactivityarealwayslowerthanself-reportedlevels[46], andglobal
physicalactivityrecommendationsarebasedon self-report.Theassociationbetweenobjec-
tivelymeasuredphysicalactivityandhealthbiomarkersissubstantiallystrongerthanthe
associationwith self-reportedphysicalactivity[47]. Giventheobservedimprovementsin car-
diovascularrisk biomarkers,EuroFITis likely to resultin important reductionin therisk of ill
healthif theimprovementin physicalactivityismaintained.

Combininglessonslearnedfrom EuroFITandits predecessor,FFIT,will allowthefurther
refinementof evidence-andtheory-basedlifestylechangeprogrammesdeliveredin profes-
sionalsportssettings.
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