


Conclusion

Irish adolescents compared favourably to European normative values across most compo-

nents of HRPF, with the exception of muscular strength. School socioeconomic status was

a strong determinant of performance among Irish adolescents. The contrasting findings for

different fitness components reiterate the need for multi-component testing batteries for

monitoring fitness in youth.

Introduction
Physicalfitnessisamultifacetedconstructthatcanbedescribedasanintegratedmeasureof
most,if not all,bodyfunctionsthatareinvolvedin dailyphysicalactivity[1]. Health-related
physicalfitness(HRPF)ismadeup of multiple componentsincluding,cardiorespiratory
endurance(CRE),musculoskeletalfitness(muscularstrength,endurance,andpower)and
bodycomposition,whichhavebeenidentifiedaspowerfulmarkersof futurehealthamong
childrenandadolescents[1, 2]. Thereisaconsistentbodyof evidencesupportingthefavour-
ableeffectsof moderate-to-highlevelsof physicalfitnessto health-relatedoutcomes,including
cardio-metabolicrisk factors[3], musculoskeletal[4] andcognitive[5] traits in childhoodand
adolescence.It hasalsobeenreportedthatpositivechangesto HRPFduring childhoodand
adolescencecanmitigatetheimpactof negativehealthoutcomeslaterin life [6].

DecliningHRPFlevelsamongyouth internationallyhavebeenreported.Forexample,an
internationalanalysisof seculartrendsof CREamongadolescents,involving11countries
from 1980to 2000,notedasample-weightedmeandeclineof 0.43%peryear,andthedecline
wasmostprevalentin olderadolescentagegroups[7]. A meta-analysisof 20m shuttlerun test
scoresamongasampleof 1,142,026childrenandyouthfrom 50countriesreportedthat67%
of boys(CI 95%± 14%)and54%(CI 95%± 17%)of girlshadhealthyCREaccordingto Fit-
nessgramcriterion referencedstandards,andthenumbersachievinghealthystandards
decreasedsystematicallywith age[8]. In contrast,Moliner-Urdialesandcolleagues[9]
reportedsignificantincreasesin CREamongSpanishadolescentsbetween2001and2007
(Cohensd 0.2to 0.4,p< 0.05).In termsof muscularfitness,Cohenetal.[10] reportedthat
Englishschoolchildrenhaveshownadecreasein upperbodymuscularstrength,measuredby
handgripdynamometeroverthepastdecade,atrendalsoreportedin Spain[9], Canada[11]
andChina[12]. However,Huotari etal.[13] reportedthatmuscularfitnesswashigherin a
crosssectionalcohortof Danishadolescentsin 2001thananage-matchedcohort from 1976.

Examiningvariationsin HRPFdatagatheredfrom multiple countriesshouldbeinterpreted
with caution.Firstly,contrastingmethodologicalapproachesusedfor themeasurementand
interpretationof resultscanproducedifferentoutcomes[14]. WelsmanandArmstrongargue
that,in contrastto seculardeclinesin cardio-respiratoryfitnessestimatedfrom field-based
measuressuchasthosepresentedbyTomkinsonetal.[7], lab-basedmeasurementtechniques
reveallittle or no differencesin aerobicfitnessamongyouthacrosstime.Furthermore,minor
changesto administrationprotocols,suchasthemeasurementof handspanfor handgrip
strengthasrecommendedbyRuizandcolleagues[15], couldalsoresultin measurementerror
whencomparingscoresacrossregions.Therisksassociatedwith criterion valueshavealso
beenhighlightedbyMaharetal.[16] whoreportedthat35%of 4th- and5th-gradegirlswho
achievedPACERstandardsfailedto passthe1-milerun/walk standards.Zhu etal.[17] have
proposedtheuseof testequatingstatisticsto enabletwo or moreteststhatmeasurethesame
constructin differentwaysto becomparedon thesamescale.Encouragingly,aconsensuson
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reliableandvalidapproachesto monitoring HRPFin field-basedsettingshasemergedin
recentyears,asreflectedin therecentNationalAcademyof Medicine'sreporton measure-
mentandhealthoutcomesin youth[18], andthepan-EuropeanALPHA (AssessingLevelsof
PhysicalActivity) project[19] thatestablishedastandardisedtestbatteryfor monitoring
HRPFthroughoutEurope.

At anindividual level,variationsin physicalfitnessarecausedbyanetworkof social,beha-
vioural,physical,psychosocialandphysiologicalfactors[20]. Well establisheddeterminantsof
physicalfitnessamongyouthincludeage,genderandphysicalactivitylevels[21]. Inverseasso-
ciationsbetweenphysicalfitness,particularlyCRE,andoverweightin adolescentshavealso
beenreported[21,22].Therelationshipbetweensocioeconomicstatusandphysicalfitnesshas
beenlessexamined,with muchof theresearchto dateproducinginconsistentresults[23]. In
addition,despitetheprominenceof fitnesstestingin schools[24], theinfluenceof school-level
sociodemographiccharacteristicsincluding locationandeducational(dis)advantageon HRPF
arescantlyrepresentedin thecurrent literature.In oneof thefewstudiesto examineschool
sociodemographiccharacteristicsandhealthnationally,Bel-Serratandcolleagues[25]
reportedthatschool-leveleducational(dis)advantagewasastrongdeterminantof overweight
andobesityin schoolchildren.Baietal.[26] alsoconcludedthat therewasclearevidenceshow-
ing thatschoolsocioeconomicstatuswasthemostinfluential contextualfactorfor explaining
disparitiesin schoolfitnessoutcomesamong157,971schoolchildrenfrom 675schoolsin the
US.

It hasbeenprojectedthat theRepublicof Irelandison courseto becomethemostobese
nation in Europeby theyear2030[27]. DespiteWorld HealthOrganisationrecommendations
[28], theRepublicof Irelandlacksaclearlyspecifiedstrategyfor monitoring HRPFin youth.
Consequently,thereisapaucityof dataon objectivelymeasuredfitnesslevelsof Irish youth,
with muchof thehealthandactivitysurveillancesurveysto dateutilising self-reportedmea-
sures[29]. To theauthors'knowledge,theChildrenSportParticipationandPhysicalActivity
study[30] is theonly studyto measureHRPFamonganationallyrepresentativesampleof
adolescentsin theRepublicof Ireland.Woodsandcolleagues[30] reportedno significant
changesin CRElevelsbetween2010and2018,with 76%and77%of participants,respectively,
meetingestablishedcriterion referencedstandards[31]. Thecollectionof objectivemeasures
of healthandphysicalfitnessfrom population-basedsamplesoverpre-definedtime periodsis
acrucialresourcethatcaninform policy-makersandthepublic,andisvital for healthcareand
educationauthoritiesfor timely planningof preventionprograms[32]. In light of thescarcity
of researchspecificto theIrish context,theaimof thecurrentstudywastwofold.Firstly,to
examinetheinfluenceof school-levelcharacteristicson fitnesstestperformanceof Irish ado-
lescentsfrom arandomisedandstratifiedsampleof schools,andsecondly,to comparethese
datato establishedEuropeannormativevalues[33].

Methods

Sampling and recruitment

Researchethicsapprovalfor thisstudyandtheassociatedprotocolswasgrantedby theInstitu-
tion ReviewBoardof theFacultyof ����, ���, ��� (���). All secondaryschoolswith accessto an
indoor hall spaceof� 25metresandstudentsin yearoneof secondaryschoolwith no inhibit-
ing healthconditionswereeligibleto participate.A randomisedsampleof 20schools,stratified
for gender(boys'schools,girls' schoolsandmixed-genderschools),location(urbanandrural
categorisedbypopulationdensity),andeducational(dis)advantage,participatedin thestudy.
Designateddisadvantagedschoolswereselectedbasedon Departmentof EducationandSkills
categorisationsaspartof theGovernmentof Ireland'sDeliveringEqualityof opportunity in
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Schools(DEIS)scheme[34]. Thisclassificationisbasedon a`DeprivationIndexScale'which
accountsfor demographicgrowth,socialclasscompositionandemploymentstatus,in addi-
tion to centrallyheldDepartmentof EducationandSkillspupil data.Therearecurrently185
designateddisadvantagedsecondaryschoolsin Ireland,representingjustoveronequarterof
all secondaryschools[34]. Theprocedurefor generatingarandomisedsamplewasconducted
usingaspecialcomputerizedcodesystemin whichall secondaryschoolsin themid-westand
south-westregionof Irelandwereassignedacodeandcategorisedaccordingto theaforemen-
tionedstrata.Dueto thegeographicalspreadof schools,andtheneedto visit eachschool
individually,20schoolswasconsideredto bethemaximumsamplesizeachievablefrom a
logisticalviewpoint,andtheminimum requiredto obtainasufficientnumberof schoolsin
eachof thechosenstrata.Although,therandomisedandstratifiedsamplerepresentedthelarg-
estreviewof HRPFamongIrish adolescentsundertakento date,participantsweregenerated
from schoolsin themid-westandsouth-westregionsof Irelandonly dueto logisticalcon-
straints,andthus,findingscannotbegeneralisedfor theentirecountry.

School and participant recruitment. Of theinitial sampleof 20schools,two schoolswere
deemedineligibleto participatedueto insufficientindoor hall space,andtwo schoolsdeclined
to participatedueto time constraints.In eachcase,thenextschoolon arandomisedreserve
list wasrecruited.Approvalfrom theprincipalandcooperatingphysicaleducationteacherin
eachschoolwasgrantedfollowinganinitial emailandtelephoneconversation.Studyinforma-
tion sheetsandconsentformswereprovidedbycooperatingteachersto all studentsandtheir
parents.Cooperatingphysicaleducationteacherswereresponsiblefor gatheringconsent
forms.Thisstudyfocusedspecificallyon studentsin yearoneof secondaryschooleducation
(ages13to 14),andwasopento all studentsin theselectedyeargroupin eachparticipating
schoolwhoprovidedinformedconsentto participateandfulfilled thephysicalactivityreadi-
nessquestionnaire(PAR-Q)[35] pre-testrequirements.A totalof 27studentsweredeemed
ineligibleto participatedueto underlyinghealthconditionsrecordedon thePAR-Q.A mini-
mum participationratethresholdof 70%,asusedin othersimilarstudies[36], wassetfor a
schoolto beconsideredeligible.Reasonsfor non-participationwererecordedon anon-partic-
ipant form. Themostcommonlycitedreasonswereabsenteeism,injury/sickness,and/or the
studentsor parentsdecidingnot to provideconsentto participatein thestudy.Participation
ratesin thefinal samplewere� 75%in eachschool,with ameanparticipationrateof 61stu-
dentsperschool.Testingtook placeoverathreemonth periodbetweenNovember2018and
January2019.A demographicprofile of participantsisprovidedin Table1.

Table 1. Demographic profile of participants.

Category Sub category Number of schools Participants (%)

Gender(participants) Girls (Age:13.4,SD.40) - 609(50.1%)

Boys(Age:13.5,SD.43) - 606(49.9%)

Schoolgender Boys 4 47(14.4%)

Girls 4 67(20.5%)

Mixed-gender 12 213(65.1%)

Educational (dis)advantagea Non-disadvantaged 14 994(81.8%)

Designateddisadvantaged 6 221(18.2%)

Locationb Rural 8 390(32.1%)

Urban 12 825(67.9%)

a Thisclassification is basedon a`DeprivationIndexScale'whichaccountsfor demographic growth,socialclasscompositionandemployment status,in addition to

centrallyheldDepartmentof EducationandSkillspupil data.
b Categorisedby populationdensity:Urban,thecitiesof Cork andLimerick;Rural,all otherareasof themid andsouthwestof theRepublicof Ireland

https://doi.org/10.1371/journal.pone.0235293.t001
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Testing procedures

Thecooperatingphysicaleducationteacherin eachschoolselectedeightseniorstudents(final
two yearsof secondaryeducation)to facilitatetheadministrationof thetestbattery.Testswere
deliveredin astationformat to smallgroupsof fivestudentsor less,andeachadministrator
wasresponsiblefor onetestitem on thetestbattery.A manualdetailingstandardoperating
proceduresfor eachtestitem wasdesignedfor andreadbybothcooperatingteachersand
seniorstudentadministrators.Cooperatingphysicaleducationteachersandstudentfacilitators
participatedin athreehour workshopin whicheachadministratorwasassignedonetest,and
trainedin theassignedtestonly.A comprehensiveexaminationof studentsresponsesto the
seniorpeer-facilitatedapproachhasbeenprovidedelsewhere[37]. It revealsthevastmajority
(86.8%)of participantsagreedor stronglyagreedthat theseniorstudentfacilitatormadeit eas-
ier for themto performthetests.Whenaskedto rankwhotheywould like to administerfitness
testsfrom mostpreferredto leastpreferred,52.8%of studentsindicatedthat theywouldbein
favourof thepeer-assessedformatusedin theYouth-fit testbattery,in comparisonto anexter-
nalexpert(27.0%)or their teacher(20.2%)recordingtestscores[37].

Testadministratorsconductedseveralfamiliarisationtrials,andexamplesof correctand
incorrecttrialsweredemonstrated.Testitemsincluded;bodymassindex(BMI); 20m shuttle
run test(20m SRT);handgripstrength;standingbroadjump (SBJ);4 x 10m shuttlerun. The
scientificrationalefor theselectionof thetestswasbasedon their feasibilityandreliability for
administrationin aschoolsetting[38], andtheir establishedcriterion-relatedvalidity [39].
Fouradditionaltestsof physicalfitnessandhealthcommonlyadministeredin school-based
HRPFtestbatteriesandlarge-scalehealthsurveys,werealsoincluded,namely:90Êpush-up;
isometricplank-hold;back-saversit-and-reach(BSR);andbloodpressure.O'Keeffeandcol-
leagues[40] confirmedthetest-retestreliability of theadministrationprotocoloutlinedabove
for eachtestitem,reportingintra-classcorrelationcoefficientsof� .797andmeancoefficient
of variationvaluesof 6.5%acrossall testitems.Detailedtestadministrationprotocolsfor each
testitem areavailablein thisstudy[40].

All testswereconductedin participatingschools'physicaleducationhalls,andtook place
during timetabledphysicaleducation.Theauthorswerekeenfor testingto reflecttheauthen-
ticity of astandarddoubleclassperiodof physicaleducationin theRepublicof Irelandschool
setting,therefore,testinglasted80minutes.Testswereadministeredin smallgroupsof sixor
lessparticipantsatatestingstationatanyonetime.Furthermore,in aneffort to addressfatigue
or testsequencingaspotentialsourcesof measurementerror,all participantshadaminimum
restperiodof betweenthreeandfiveminutesbetweeneachtestingstation.The20m SRTisan
estimateof maximalaerobiccapacity,therefore,it wasconductedon aseparatedayto all other
testsusingtheLeÂgeretal.protocol[41]. Participantswererequiredto run betweentwo lines
20metresapart,whilekeepingpacewith audiosignalsemittedfrom apre-recordedCD.The
initial speedwas8.5km/h, andwasincreasedby0.5km/h perminute.Thetestfinishedwhen
theparticipantfailedto reachtheendlinesconcurrentwith theaudiosignalson two consecu-
tiveoccasions,or whenthesubjectstoppedbecauseof fatigue.

Data collection and quality control

A softwareplatformwasdevelopedspecificallyfor thepurposeof thisstudyto enableefficient
multi-sitecaptureof datafrom participatingschools.Followingtestadministration,cooperat-
ing physicaleducationteachersuploadedtestresultsto aweb-basedapplicationhostedon a
securedserverat theleadauthors'institution. Cooperatingteachersreceivedatutorial on
usingthesoftwarefrom theleadauthorandausermanualoutlining theprocedurefor input-
ting results.Biologicallyplausiblevaluelimits wereassignedto eachfield to minimisepotential
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inaccuraciesduring datainput. An additionalqualitycontrol featureincludedcollectingtest
batteryresultssheetsfrom participatingschools,from whichtheleadauthorrandomlyselected
halfof thecompletedresultssheets,andcross-referencedeachto ensuretheaccuracyof results
inputted.

Statistical analysis

Completecases(n = 1215;designateddisadvantaged,n = 221)wereextractedfrom thesoft-
wareplatformandtransferredto StatisticalPackagefor SocialSciences(SPSSversion25,Chi-
cagoIL) for analysis.TheresearchteamdefinedanincompletecaseasmissingtheBMI
recording,or two or morefitnesstestitems.Incompleteresponses(n = 66)wereexcluded
from all analyses.A visualinspectionof histogramsandboxplotsshowedthatdatawerenor-
mallydistributed,with skewnessof� 1.2andkurtosisof� 1.6.Means(M) andstandarddevi-
ations(SD)werecalculatedfor all scalescores,with t-testsandANOVAs testingfor
differencesbyselecteddemographics.A linearmixedmodelanalysisof variancewascon-
ductedto examinethedifferencesbetweendesignateddisadvantagedandnon-disadvantaged
schoolsfor keyhealth-relatedfitnessoutcomevariables,controlling for ageandgenderas
fixedeffects,andschoolasarandomeffect.Resultsfrom thisanalysiswerethengraphically
depictedusingclusterederror bargraphs.

Followingarequest,accesswasprovidedto theoriginaldatasetfrom theHealthyLifestyle
in EuropebyNutrition in Adolescence(HELENA)study[33]. Thisdatasetcontainedgender
andage-specificphysicalfitnessnormativevaluesamongEuropeanadolescentsfrom 10Euro-
peancountrieswith asimilargender(n = 911,girls= 544)andage(13.5years,SD.31)profile
to participantsin thecurrentstudy.Datacollectionfor theHELENAstudytook placefrom
2006to 2008.Administration protocolsfor thefivefield-basedtestscompared,namely,the20
m SRT,SBJ,handgripstrength,BSR,and4 x 10m shuttlerun, werethesamefor bothstudies,
asdetailedin Ortegaetal.[33]. Cohen'sd wasusedto comparedifferencesbetweenpartici-
pantsin thisstudyandage-matchedEuropeannormativevaluesbycalculatingthemeandif-
ferencebetweenthetwo groups,anddividing theresultby thepooledstandarddeviation[33].
Cohensuggestedthatd = 0.2beconsidereda`small'effectsize,0.5representsa`medium'effect
sizeand0.8a`large'effectsize.Correctionfor multiple comparisonswasmadeviatheBonfer-
roni correction.Participantsphysicalfitnessscoreswerealsoexpressedusingaquintile classifi-
cationframeworkbasedon Europeannormativevalues[33], correspondingto ªverylowº,
ªlowº, ªmoderateº,ªhighº, andªveryhighº levelsasrecommendedbyTomkinsonetal.[42].

Results
AnthropometriccharacteristicsandHRPFlevelsof thestudysampleareshownin Table2.
Overall,boyshadsignificantlyhighercardiorespiratoryendurance(CRE)(20m shuttlerun
test),muscularfitness(handgripstrength,standingbroadjump (SBJ),90Êpush-upandiso-
metricplankhold) levelscomparedto girls,whilegirlshadsignificantlyhigherflexibility
(back-saversit-and-reach(BSR))(p< 0.001,t-test,with Bonferronicorrectionfor multiple
comparisons).Girls hadsignificantlylowermeansystolicbloodpressurein comparisonto
boys,however,despitereachingstatisticalsignificance,thetotaldifferencein meanvalueswas
small(< 1.5mmHg).Theprevalenceof overweightandobesitywasestimatedasperthecrite-
ria publishedbyColeetal.[43]. Overonequarter(25.8%)of girlsand23.9%of boyswere
overweight,of which12.2%of girlsand9.2%of boyswereobese.An inverserelationship
betweenperformancein the20m SRT(r = -.32,p< 0.001)andSBJ(r = -.29,p< 0.001)tests
andoverweightand/orobesitywasobserved.Boysandgirlscategorisedasoverweightor obese
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rananaverageof 17fewershuttles(20m SRT)andjumped(SBJ),on average,14centimetres
(cm) lessthantheir peers.

No statisticallysignificantdifferencesbetweenurbanandrural schoolswerefoundacross
anyof thevariablesanalysed.However,differenceswereobservedbetweenparticipantsin
mixed-genderandsingle-genderschools.An ANOVA wasconductedto examinedifferences
in HRPFbetweenboysandgirls in single-genderandmixed-genderschools,usingaBonfer-
roni adjustedp valueof .01for thevariableslistedin Table3.Boysin mixed-genderschools
hadsignificantlyhigherBSR,SBJand20m SRT,andsignificantlylowerBMI levels,in com-
parisonto participantsin boys'schools.Girls in mixed-genderschoolshadsignificantlyhigher
SBJandhandgripstrengthscoresin comparisonto participantsin girls' schools.

Table 2. Descriptive characteristics of the study sample, by gender.

Variable Total Total mean (SD) Boys Boys mean (SD) Girls Girls mean (SD) p value

Age 1215 13.4(0.4) 606 13.5(0.4) 609 13.4(0.4) NS

BMI 1215 20.3(3.6) 606 20.1(3.6) 609 20.4(3.7) NS

BSR (cm) a 1177 23.5(9.3) 591 22.0(8.7) 586 25.0(9.7) < 0.001c

Systolic BP (mmHg) 1189 109.4(13.3) 595 110.7(13.3) 594 108.2(13.1) < 0.001c

Diastolic BP(mmHg) 1189 74.0(11.4) 595 73.0(11.3) 594 75.0(11.5) < 0.001b

Standing broad jump (cm) 1206 151.0(26.1) 601 158.3(27.3) 605 146.6(23.7) < 0.001b

Handgrip strength (kg) a 1201 23.0(5.1) 598 24.1(5.7) 603 21.9(4.3) < 0.001b

90˚ push-up (repetitions) 1177 10.9(8.6) 583 13.3(8.6) 594 8.5(8.0) < 0.001b

Isometric plank-hold (s) 1177 77.7(49.5) 581 86.7(54) 596 68.9(42.8) < 0.001b

4 x 10 m shuttle run (s) 1174 12.2(1.4) 588 12.0(1.1) 586 12.4(1.7) < 0.001b

20 m SRT (# shuttles) 1138 47.4(22.4) 570 53.4(22.8) 568 41.4(20.3) < 0.001b

Abbreviations:BMI, bodymassindex;BSR,back-saversit andreach;SD,standarddeviation;BP,bloodpressure;20m SRT,20m shuttlerun test.
a Theaverageof right andleft sidescoresis shownin thetable.Significantdifferences(p < 0.001,with Bonferronicorrection)werefoundbetweenboysandgirls,

independent samplest-test.
b IndicatesamorefavourableHRPFscorefor boys.
c IndicatesamorefavourableHRPFscorefor girls.Dueto schoolabsencesand/or injury, not all totalsamountto 609(girls)and606(boys).

https://doi.org/10.1371/journal.pone.0235293.t002

Table 3. A comparison of selected health-related physical fitness variables among participants in single-gender and mixed-gender schools.

Variable Mixed-gender, boys

(n = 443)

Single-gender, boys

(n = 163)

p value Effect size

n2
Mixed-gender, girls

(n = 413)

Single-gender, girls

(n = 196)

p value Effect size

n2

BMI 19.9(3.4) 20.9(4.0) 0.002 .02 20.3(3.6) 20.6(3.9) NS .00

BSR (cm) a 23.9(8.0) 21.3(8.8) 0.002 .02 26.7(8.9) 21.5(10.3) < 0.001 .06

Standing broad

jump (cm)

161.7(27.2) 150.7(25.7) <

0.001
.03 148.6(23.8) 142.1(22.1) 0.001 .02

Handgrip strength

(kg) a
24.1(6.2) 24.3(5.7) NS .00 22.3(4.3) 21.2(4.1) <

0.001b
.02

4 x 10 m shuttle run

(s)

11.9(1.0) 12.0(1.2) NS .00 12.4(1.2) 12.2(2.3) NS .00

20 m SRT (#

shuttles)

55.4(21.7) 48.0(24.9) <

0.001
.02 42.2(18.4) 39.8(23.6) NS .00

Dataareshownasmeanswith standarddeviationin brackets.Abbreviations:BMI, bodymassindex;BSR,back-saversit andreach;20m SRT,20m shuttlerun test.
a Theaverageof right andleft sidescoresis shownin thetable.Significantdifferences(p < 0.001,with Bonferronicorrection)werefoundbetweenboysandgirls,

independent samplest-test.
b IndicatesamorefavourableHRPFscorefor boys.
c IndicatesamorefavourableHRPFscorefor girls.Dueto schoolabsencesand/or injury, not all totalsamountto 609(girls)and606(boys).

https://doi.org/10.1371/journal.pone.0235293.t003
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Descriptivecharacteristicsof boysandgirls in non-disadvantagedversusdesignateddisad-
vantagedschoolsarepresentedin Table4.A mixedmodelanalysisof thedifferencesbetween
designateddisadvantagedandnon-disadvantagedschoolsfor keyhealth-relatedfitnessout-
comevariables,controlling for ageandgenderasfixedeffects,andschoolasarandomeffect,
ispresentedin Table5.Meanvaluesweresignificantlyhigherin designateddisadvantaged
schoolsfor BMI (p< 0.001,t-testwith Bonferronicorrection)andsignificantlylowerfor the
20m SRT(p< 0.001),90Êpush-up(p = 0.014),SBJ(p = 0.013)andhandgripstrength
(p = 0.05).Differenceswereparticularlylargefor the20m SRT,with meanvaluesfor desig-
nateddisadvantagedschools19shuttles(380metres)fewerthannon-disadvantagedschools.
Clusterederror meanbargraphs,with 95%confidenceintervals,wereusedto graphically
depictthedifferencesin performanceataschool-levelacrosskeyHRPFfitnessvariables,as
displayedin Fig1.

Table 4. Descriptive characteristics of students in non-disadvantaged and designated disadvantaged schools, by gender.

Boys non-disadvantaged (n = 472) Boys disadvantaged (n = 134) Girls non-disadvantaged (n = 522) Girls disadvantaged (n = 87)

Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD)

BMI 19.8(3.4) 21.3(4.0) 20.2(3.5) 21.8(4.2)

BSR (cm) a 22.1(8.5) 21.6(9.4) 25.5(9.4) 21.4(10.6)

Systolic BP (mmHg) 110.8(13.4) 110.1(13.1) 108.2(13.1) 108.4(13.5)

Diastolic BP (mmHg) 72.8(11.3) 73.6(11.5) 75.1(11.6) 74.3(10.6)

Standing broad jump

(cm)

161.8(26.7) 148.0(26.5) 147.6(23.3) 139.9(23.5)

Handgrip (kg) a 24.6(5.5) 22.6(5.9) 22(4.1) 21.9(5)

90˚ push-up (reps) 14.2(8.4) 10.2(8.2) 8.9(8.2) 6.3(5.8)

Isometric plank hold (s) 92.2(54.6) 67.5(47.4) 70.8(43.5) 57.5(36.9)

4 x 10 m shuttle run (s) 11.9(1.0) 12.3(1.3) 12.3(1.7) 12.7(1.3)

20 m SRT (# shuttles) 57.8(21.3) 38.0(21.3) 43.9(20.3) 26.3(12.2)

Abbreviations:BMI, bodymassindex;BSR,back-saversit andreach;SD,standarddeviation;BP,bloodpressure;20m SRT,20m shuttlerun test
a Theaverageof right andleft sidescoreis shownin thetableandwasusedfor all analyses.

https://doi.org/10.1371/journal.pone.0235293.t004

Table 5. Adjusted mean differences in non-disadvantaged versus designated disadvantaged schools, controlling for age and gender as fixed effects, and school as a

random effect.

Variable Non- Disadvantaged (n = 994) Disadvantaged (n = 221) Mean difference (CI)b p value

BMI 20.0 21.6 -1.6(-2.2to -0.97) < 0.001

BSR (cm) a 24.3 20.7 3.5(-3.6to 10.7) NS

Systolic BP (mmHg) 109.4 108.9 0.5(-2.4to 3.4) NS

Diastolic BP (mmHg) 73.9 73.3 0.6(-2.5to 3.7) NS

Standing broad jump (cm) 154.3 142.0 12.3(2.9to 21.9) 0.013

Handgrip (kg) a 23.4 22.0 1.4(0.0to 2.7) 0.05

90˚ push-up (reps) 11.5 8.4 3.1(0.7to 5.6) 0.014

Isometric plank hold (s) 79.4 60.7 18.7(-0.5to 38.0) NS

4 x 10 m Shuttle (s) 12.1 12.7 -0.6(-1.3to -0.0) NS

20 m SRT (# shuttles) 51.3 32.2 19.1(12.3to 25.9) < 0.001

Abbreviations:BMI, bodymassindex;BSR,back-saversit andreach;SD,standarddeviation;BP,bloodpressure;20m SRT,20m shuttlerun test.
a Theaverageof right andleft sidescoreis shownin thetableandwasusedfor all analyses.
bMeandifference(95%CI) from linearmixedmodels,controlling for ageandgenderasfixedeffects,andschoolasarandomeffect.

https://doi.org/10.1371/journal.pone.0235293.t005
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Whencomparedto Europeannormativevalues[33], girls in thisstudyscoredsignificantly
betterin the20m SRT,4 x 10m shuttlerun andSBJtests,whileboysscoredsignificantly
higherin theBSRtest(Cohen'sd rangingfrom 0.2to 0.6,p< 0.01,Bonferronicorrection).
However,Europeanadolescentshadsignificantlyhigherhandgripstrengthscores(Cohen'sd
0.6to 0.8,p< 0.01).EuropeanboysalsohadsignificantlyhigherSBJscores(Cohen'sd = 0.5,
p< 0.01).Usingaquintile classificationframework,theauthorsestablishedthepercentageof
Irish adolescentsfrom thecurrentstudythat fell within eachquintile of Europeannormative
values[33] (Figs2and3).Only 11.1%of boysand10.0%of girlsachievedaveryhigh
score> 80th centile)for handgripstrength,with 34.0%of boysand31.2%of girlsclassifiedin
theverylow quintile (< 20%).SBJscoresweremoreevenlyspread,19.5%and9.9%scoringin
theverylow category,and17.6%and17.1%scoringin theveryhighcategory,for boysand
girls,respectively.With regardto theBSRtest,39.1%of boysand29.2%of girlsachieveda
veryhighscorebasedon Europeannorms.While boys'scoresfor the4 x 10m shuttlerun
wererelativelyevenlydistributedin eachquintile,41.1%of girlsachievedascore� 80th per-
centile.Finally,themostsignificantdifferenceswith Europeannormativedatawerefound in
the20m SRT.Almosttwo thirds of girls (61.4%)and41.1%of boysin thecurrentstudy
achievedaveryhigh ranking(� 80th percentile),with only 5.6%of boysand0.9%of girlscate-
gorisedin theverylow category(� 20th percentile).

Fig 1. Clustered error bar mean graphs of 20 m shuttle run, body mass index, standing broad jump and handgrip strength tests with 95% confidence

intervals, by school. Designateddisadvantagedschoolsarehighlightedred,non-disadvantagedschoolsarehighlightedblue.

https://doi.org/10.1371/journal.pone.0235293.g001
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Discussion
Theaimof thecurrentstudywasto examinetheinfluenceof school-levelcharacteristicson fit-
nesstestperformanceandto compareIrish adolescents'physicalfitnessto Europeannorms.
Overall,participantsin designateddisadvantagedschoolshadsignificantlypoorerHRPFlevels
in comparisonto thosein non-disadvantagedschools,participantsin mixed-gendersettings
hadsignificantlylowerBMI levelsandhighermuscularstrengthlevelscomparedto thosein
single-genderschools,andalthoughparticipantsin thisstudyhadsignificantlyhigherCRElev-
els,Europeanadolescentshadsignificantlyhighermuscularstrengthlevels.Thisstudyrepre-
sentsthefirst analysisof all componentsof HRPFamongadolescentsfrom theRepublicof
Ireland,whichwehopewill form thebasisof further examinationsof physicalfitnessvariables
amongyouthacrossabroaderrangeof agegroups.

Perhapsunsurprisingly,boysscoredhigherthangirlsacrossall componentsof HRPF,aside
from flexibility. Thiscorroboratesthefindingsof arecentmeta-analysisof physicalfitness
amongadolescentsinternationally[44], whichreportedthatboysconsistentlyscoredhigher
thangirlson fitnesstests,excepton thesit-and-reachtestof flexibility in whichgirlsscored
higher.A recentnationalsurveyof physicalactivityandsportparticipationamongIrish youth
reportedthatonly 7%of girls in secondaryschoolsmettherecommendeddailyactivityguide-
linesof 60minutesof moderate-to-vigorousphysicalactivitycomparedto 14%of boys[30].
Theauthorsalsoreportednon-participationlevelsof 45%in anyform of communitysport
amongadolescentgirls,in comparisonto 31%amongboys.Furthermore,in line with research
to date,aninverserelationshipbetweenperformancein the20m SRTandSBJtestsandover-
weight/obesitywasfound in thecurrentsample.In aninvestigationof thedeterminantfactors

Fig 2. Quintile classification framework for physical fitness components for boys (n = 606), based on European normative values [33].

https://doi.org/10.1371/journal.pone.0235293.g002
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of physicalfitnessamong13,622Europeanchildren,Zaqoutandcolleagues[21] highlighted
thesignificanceof BMI asaphysicalfitnessdeterminant,independentof physicalactivity.In
anexaminationof overweight/obesityandphysicalfitnessamong519Brazilianchildrenand
adolescentsaged7 to 15years,Dumith etal.[22] alsoreportedthathigherBMI valueswere
associatedwith declinesin physicalfitness,independentof age.Theprevalenceof overweight,
classifiedaccordingto thesameageandsexspecificcut points[43], was25%amonganation-
ally representativesampleof Irish adolescentsin arecentlongitudinalstudy[45], onepercent
lessthanthefigurereportedfrom datageneratedaspartof thecurrentstudy.In addition,age-
matchedmean20m SRTvaluesweresimilar to thosefrom themostrecentlyreportednational
representativedata[30].

Participantsin mixed-genderschoolshadsignificantlyhigherestimatedCRE(20m SRT)
andmuscularstrength(handgripstrength),andsignificantlylowerBMI levels,in comparison
to participantsin single-genderschools.A recentsurveyof studentsattitudestowardsfitness
testingin schoolsettings[37] reportedthatparticipantsin mixed-gendersettingshadsignifi-
cantlymorepositiveattitudesthanthosein single-genderschools.IsheeandWard [46] did
report thatgirls in mixed-genderschoolsachievedhighermoderateto vigorousphysicalactiv-
ity levelsin their physicaleducationlessonsin comparisonto thosein single-genderschools,
however,boysdid not varysignificantly.VanAckeretal.[47] similarly reportedthatpartici-
pantsin coeducationalsettingsachievedsignificantlyhighermoderateto vigorousphysical
activitylevelsduring physicaleducationlessonsin comparisonto single-genderschools.

Fig 3. Quintile classification framework for physical fitness components for girls (n = 609), based on European normative values [33].

https://doi.org/10.1371/journal.pone.0235293.g003
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Contrastingfindingsemergedfrom comparisonsbetweenthecurrentstudysampleand
age-matchedEuropeannormativevaluesgeneratedfrom theHELENAstudy[33]. Girls in this
studyhadsignificantlyhighermeanscoresin the4x 10m shuttlerun and20m SRTin com-
parisonto their Europeanpeers,whileboysin thisstudyscoredsignificantlyhigherin the
back-saversit-and-reachtest.However,asillustratedin Figs2 and3,overthreequartersof
Irish boysandgirlswereclassifiedasmoderateor belowaveragefor handgripstrengthwhen
comparedto Europeannormsusingaquintile classificationframework.This isafinding of
particularconcerngiventheemergingevidence-baselinking poormusculoskeletalfitnessin
adolescencewith negativehealthoutcomeslaterin life [4, 48].In contrast,84.3%of girlsand
66.5%of boysscoredabovethe60th percentilein the20m SRTwhencomparedto European
normativevalues.Mean20m SRTvaluesweresimilar to thosefrom themostrecentnationally
representativedata[30]. Nationally,researchhasindicatedasignificantdrop off in sportspar-
ticipationandphysicalactivityratesamongyoungadolescentgirls from theage14[49].
Althoughbeyondthescopeof thecurrentstudy,anexaminationof fitnessvariablesacrossall
school-goingadolescentagegroupsisneededconfirm if thereporteddifferencesbetweenIrish
andEuropeanadolescentstrackacrossall adolescentagegroups.

An important finding to emergefrom thisstudywasthedisparityin fitnesslevelsbetween
participantsin designateddisadvantagedandnon-disadvantagedschools.Participantsin des-
ignateddisadvantagedschoolshadsignificantlyhigherBMI levels,andsignificantlylower20
m SRTandSBJscoresin comparisonto thosein non-disadvantagedschools.A comprehensive
analysison theinfluenceof socioeconomicstatuson physicalfitnessamongEuropeanadoles-
centsconcludedthatsocioeconomicstatuswaspositivelyassociatedwith physicalfitness,inde-
pendentlyof totalbodyfatandhabitualphysicalactivity[23]. In oneof thefewempirical
studiesto investigatetheimpactof schoolsociodemographiccharacteristicson physicalfitness
variables,Welketal.[50] reportedthatphysicalfitnesswasconsistentlyhigheramongstudents
in schoolscategorizedaslow diversityandhighsocioeconomicstatus.Baiandcolleagues
(2016)similarly reportedclearevidencethatschoolsocioeconomicstatuswasthemostinflu-
entialcontextualfactorfor explainingdisparitiesin schoolfitnessoutcomes.It hasalso
recentlybeenreportedthatschoolsocioeconomicstatuswasastrongdeterminantof over-
weightandobesityin Irish schoolchildren[25]. Thissuggeststhatgovernmentfunding utilised
for thepromotion of healthylifestylebehavioursamongyouthshouldprovideadditionalsup-
port for designateddisadvantagedschools.

Thisstudyhadsomelimitationswhichshouldbenoted.Firstly,althoughthecurrentstudy
samplerepresentsthelargestexaminationof multiple componentsof HRPFin theRepublicof
Irelandto date,dueto logisticalconstraints,participantswereonly generatedfrom yearoneof
secondaryschooleducation,precludingananalysisof fitnessvariablesacrossall adolescentage
groups.Additionally, thesamplesizeof 20schoolsissmallfor thelinearmixedmodelanalysis
of non-disadvantaged(n = 14)versusdesignateddisadvantaged(n = 6) schools.However,the
randomisedandstratifiednatureof thesample,thevarietyof fitnesstestsusedandtheprovi-
sionof theoriginalHELENAdatasetto facilitatemoredetailedcomparisonswith participants
in thecurrentstudy,wereimportant strengths.

Conclusion
Thisstudyrepresentsthefirst comprehensivereviewof multiple componentsof health-related
fitnessamongastratifiedsampleof adolescentsin theRepublicof Ireland.Thecontrasting
findingsfor differentfitnesscomponentswithin our samplereiteratetheneedfor multi-com-
ponentHRPFtestbatteriesfor monitoring physicalfitnessin youth.Overall,age-matched
comparisonsof HRPFlevelswith Europeannormswerebroadlypositivefor all components,
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asidefrom muscularfitnessin whichEuropeanadolescentsscoredsignificantlyhigher.There-
fore,interventionsaimedat improving thephysicalfitnessandactivitylevelsof Irish youth
shouldincludeafocuson muscularfitness.In termsof schoollevelcharacteristicsspecifically,
datapresentedin thecurrentstudyindicatedthatadolescentsin mixedgenderschoolsoutper-
formedthosein singlegenderschoolsacrossmostHRPFcomponents.Furthermore,theextent
of thedisparityin fitnesslevelsbetweenparticipantsin designateddisadvantagedandnon-dis-
advantagedschoolswasafinding of particularconcern.Futureinterventionsdesignedto pro-
motehealthylifestylebehavioursamongschool-goingpopulationsshouldgivespecial
considerationto studentsin designateddisadvantagedschools.Theprovisionof additional
supportfundsto promotehealthylifestylebehaviourscouldrepresentanefficientmodelof
funding,targetingthosewhoaremostin need.
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