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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

Physicafitnessis amultifacetedconstructthat canbedescribedasan integratedmeasuref
most,if not all, bodyfunctionsthatareinvolvedin daily physicalactivity[1]. Health-related
physicafithess(HRPF)is madeup of multiple componentsncluding, cardiorespiratory
endurancg CRE),musculoskeletdltness(muscularstrength,enduranceand power)and
bodycompositionwhich havebeenidentified aspowerfulmarkersof future healthamong
childrenandadolescentfL, 2]. Thereis a consistenbody of evidencesupportingthe favour-
ableeffectsof moderate-to-higHevelsof physicaffitnessto health-relatedutcomesincluding
cardio-metaboligisk factors[3], musculoskeletdg¥] andcognitive[5] traitsin childhoodand
adolescencét hasalsobeenreportedthat positivechangeso HRPFduring childhoodand
adolescenceanmitigatetheimpactof negativehealthoutcomedaterin life [6].
DecliningHRPFlevelsamongyouthinternationallyhavebeenreported.For examplean
internationalanalysi®f seculatrendsof CREamongadolescentsnvolving 11 countries
from 1980to 2000 hoteda sample-weightetheandeclineof 0.43%peryear,andthedecline
wasmostprevalentin olderadolescenagegroups[7]. A meta-analysisf 20m shuttlerun test
scoreamongasampleof 1,142,02¢@hildrenandyouth from 50countriesreportedthat 67%
of boys(Cl 95%z+ 14%)and54%(Cl 95%:+ 17%)of girls hadhealthyCREaccordingto Fit-
nessgrantriterion referencedtandardsandthe numbersachievinghealthystandards
decreasedystematicallyvith age[8]. In contrastMoliner-Urdialesand colleaguef]
reportedsignificantincreasen CREamongSpanishadolescentbetweer2001and 2007
(Cohensd 0.2t0 0.4,p < 0.05).In termsof muscularfitness Cohenetal.[10] reportedthat
Englishschoolchildrerhaveshownadecreasé upperbodymuscularstrength,measuredy
handgripdynamometeioverthe pastdecadeatrend alsoreportedin Spain[9], Canadd11]
andChina[12]. However Huotari etal.[13] reportedthat muscularfitnesswashigherin a
crosssectionatohortof Danishadolescents 2001thananage-matchedohortfrom 1976.
Examiningvariationsin HRPFdatagatheredrom multiple countriesshouldbeinterpreted
with caution.Firstly,contrastingmethodologicahpproachesisedfor the measuremenand
interpretationof resultscanproducedifferentoutcomeg14]. Welsmanand Armstrongargue
that,in contrastto seculadeclinesn cardio-respiratonyfitnessestimatedrom field-based
measuresuchasthosepresentedy Tomkinsonetal.[7], lab-basedneasurementechniques
revealittle or no differencesn aerobicfitnessamongyouth acrosdime. Furthermore minor
changeso administrationprotocols suchasthe measurementf handsparfor handgrip
strengthasrecommendedy Ruizandcolleague§l 5], couldalsoresultin measuremengrror
whencomparingscoresacrosgegions.Therisksassociatedvith criterion valueshavealso
beenhighlightedby Maharetal.[16] who reportedthat 35%o0f 4th- and 5th-gradegirlswho
achievedPACERstandarddailedto passhe 1-milerun/walk standardsZhu etal.[17] have
proposedhe useof testequatingstatisticio enablewo or moreteststhat measurghe same
constructin differentwaysto becomparedon the samescaleEncouraginglyaconsensusn
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reliableandvalid approacheto monitoring HRPFin field-basedettingshasemergedn
recentyearsasreflectedn therecentNational Academyof Medicine'sreport on measure-
mentandhealthoutcomesn youth[18], andthe pan-EuropearALPHA (Assessingevelf
PhysicalActivity) project[19] that establisheé standardisedestbatteryfor monitoring
HRPFthroughoutEurope.

At anindividual levelvariationsin physicaffithessarecausedy anetworkof social beha-
vioural, physical psychosociand physiologicafactors[20]. Well establishedieterminantsof
physicafithessamongyouthincludeage genderand physicalactivity levelq21]. Inverseasso-
ciationsbetweerphysicalfitness particularlyCRE and overweighin adolescenthavealso
beenreported[21,22]. Therelationshipbetweersocioeconomistatusand physicalffithesshas
beenlessexaminedwith much of theresearcho dateproducinginconsistentesultg23]. In
addition, despitethe prominenceof fithesstestingin schoolgd24], theinfluenceof school-level
sociodemographicharacteristicéncluding locationand educationaldis)advantagen HRPF
arescantlyrepresentedh the currentliterature.ln oneof thefewstudieso examineschool
sociodemographicharacteristicandhealthnationally,Bel-Serraandcolleaguef?5]
reportedthat school-levekducationa(dis)advantageasastrongdeterminantof overweight
andobesityin schoolchildrenBaietal.[26] alsoconcludedhattherewasclearevidenceshow-
ing that schoolsocioeconomistatuswasthe mostinfluential contextualfactorfor explaining
disparitiesin schoolffitnessoutcomesamongl157,97 choolchildrerfrom 675schoolsn the
us.

It hasbeenprojectedthat the Republicof Irelandis on courseto becomehe mostobese
nationin Europeby theyear2030[27]. DespiteWorld HealthOrganisatiorrecommendations
[28], the Republicof Irelandlacksa clearlyspecifiedstrategyfor monitoring HRPFin youth.
Consequentlythereis a paucityof dataon objectivelymeasureditnesslevelsof Irish youth,
with much of the healthand activity surveillancesurveygo dateutilising self-reportednea-
sureq29]. To theauthors'’knowledgethe Children SportParticipationand PhysicalActivity
study[30] isthe only studyto measurdtHRPFamonganationallyrepresentativeampleof
adolescentms the Republicof Ireland.Woodsand colleague§30] reportedno significant
change$n CREleveldbetweer2010and 2018 with 76%and 77%of participantsrespectively,
meetingestablishedriterion referencedtandardg31]. Thecollectionof objectivemeasures
of healthandphysicalffithessfrom population-basedample®verpre-definedtime periodsis
acrucialresourcehat caninform policy-makersaandthe public,andis vital for healthcareand
educationauthoritiesfor timely planningof preventionprogramg32]. In light of the scarcity
of researctspecificto the Irish context,the aim of the current studywastwofold. Firstly,to
examingheinfluenceof school-levetharacteristicen fithesstestperformanceof Irish ado-
lescentsrom arandomisedand stratifiedsampleof schoolsandsecondlyto comparethese
datato establishedEuropeamormativevalueg33].

Methods
Sampling and recruitment

Researclethicsapprovalffor this studyandthe associategrotocolswasgrantedby the Institu-
tion ReviewBoardof the Facultyof ****, *** *** (***) All secondargchoolswvith accesto an
indoor hall spaceof > 25metresandstudentsn yearoneof secondangchoolwith no inhibit-
ing healthconditionswereeligibleto participate A randomisedsampleof 20schoolsstratified
for gender(boys'schoolsgirls’ schoolsand mixed-gendeschools)|ocation(urbanandrural
categorisetby populationdensity),andeducationa(dis)advantageparticipatedin the study.
Designatedlisadvantagedchoolavereselectedhasedn Departmentof Educationand Skills
categorisationaspart of the Governmentof Ireland'sDeliveringEqualityof opportunity in
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SchoolgDEIS)schemd34]. This classifications basedn a Deprivationindex Scalewhich
accountdor demographigrowth,socialclasscompositionandemploymentstatusjn addi-
tion to centrallyheld Departmentof Educationand Skillspupil data.Therearecurrently 185
designatedlisadvantagedecondarychoolsn Ireland,representingustoveronequarterof
all secondangchoold34]. Theprocedurefor generatingarandomisedsamplevasconducted
usingaspeciatomputerizectodesystemnin which all secondangchoolsn the mid-westand
south-westegionof Irelandwereassigne codeand categorise@ccordingto the aforemen-
tionedstrata.Dueto the geographicaspreadof schoolsandthe needto visit eachschool
individually, 20schoolsvasconsideredo bethe maximumsamplesizeachievablérom a
logisticalviewpoint,andthe minimum requiredto obtainasufficientnumberof schoolsn
eachof thechoserstrata Although,the randomisedandstratifiedsamplerepresentedhelarg-
estreviewof HRPFamonglrish adolescentandertakerno date participantsweregenerated
from schoolsn the mid-westand south-westegionsof Ireland only dueto logisticalcon-
straints,andthus,findingscannotbegeneralisedor the entire country.

School and participant recruitment. Of theinitial sampleof 20schoolstwo schoolsvere
deemedneligibleto participatedueto insufficientindoor hall spaceandtwo schoolgdeclined
to participatedueto time constraintsln eachcasethe nextschoolon arandomisedeserve
list wasrecruited.Approvalfrom the principal and cooperatingohysicaleducationteacheiin
eachschoolwasgrantedfollowing aninitial emailandtelephoneconversationStudyinforma-
tion sheet@and consentformswereprovidedby cooperatingeacherso all studentsandtheir
parentsCooperatingphysicaleducatiornteachersvereresponsibldor gatheringconsent
forms. This studyfocusedspecificallyon studentsn yearoneof secondargschooleducation
(agesdl3to 14),andwasopento all studentsn the selecteyeargroupin eachparticipating
schoolwho providedinformed consento participateandfulfilled the physicalactivity readi-
nesguestionnairdPAR-Q)[35] pre-testrequirementsA total of 27 studentsveredeemed
ineligibleto participatedueto underlyinghealthconditionsrecordedon the PAR-Q.A mini-
mum participationratethresholdof 70%,asusedin othersimilar studieq36], wassetfor a
schoolto beconsiderectligible.Reasonfor non-participationwererecordedon anon-partic-
ipantform. Themostcommonlycitedreasonsvereabsenteeisninjury/sicknessand/or the
studentsor parentsdecidingnot to provideconsento participatein the study.Participation
ratesin thefinal samplewvere> 75%in eachschoolwith ameanparticipationrateof 61 stu-
dentsperschool.Testingtook placeoverathreemonth period betweerNovember2018and
Januar2019.A demographigrofile of participantsis providedin Tablel.

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-gencer 12 213(65.1%)
Education#(dis)acantage® Non-disadantaged 14 994(81.8%)
Designatediisadwantaged 6 221(18.2%)
Location® Rural 8 390(32.1%)
Urban 12 825(67.9%)

2This classifiationis basedn a *Deprivationindex Scaletvhich accountsor demograghic growth, socialclasscompositionandemployment statusjn additionto
centrallyheld Departmentof Educationand Skillspupil data.
b Categorisedby populationdensity:Urban, the citiesof Cork and Limerick; Rural,all other areaf the mid and southwestof the Republicof Ireland

https://da.org/10.1371¢urnal.pon®235293.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0235293  June 29, 2020 4/16


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

PLOS ONE

Profiling the health-related physical fithess of Irish adolescents: A school-level sociodemographic divide

Testing procedures

The cooperatingphysicaleducationteacheiin eachschoolselecte@ightseniorstudentdfinal
two yearsof secondaryeducation)to facilitatethe administrationof the testbattery. Testswere
deliveredn astationformatto smallgroupsof five studentsor lessand eachadministrator
wasresponsibldor onetestitem on thetestbattery. A manualdetailingstandardoperating
proceduredor eachtestitem wasdesignedor andreadby both cooperatingeacherand
seniorstudentadministrators Cooperatingphysicakeducationteacherand studentfacilitators
participatedin athreehour workshopin which eachadministratorwasassigne@netest,and
trainedin theassignedestonly. A comprehensivexaminationof studentsesponseto the
seniorpeer-facilitatecapproacthasbeenprovidedelsewher§37]. It revealghe vastmajority
(86.8%)of participantsagreecr stronglyagreedhat the seniorstudentfacilitatormadeit eas-
ier for themto performthetestsWhenaskedo rank who theywould like to administerfitness
testsfrom mostpreferredto leastpreferred 52.8%of studentdndicatedthattheywould bein
favourof the peer-assesséarmat usedin the Youth-fit testbattery,in comparisornto anexter-
nalexpert(27.0%)or their teache(20.2%Yecordingtestscoreg37].

Testadministratorsconductedseverafamiliarisationtrials,and example®f correctand
incorrecttrialsweredemonstratedT estitemsincluded;body massndex (BMI); 20m shuttle
run test(20m SRT);handgripstrength;standingbroadjump (SBJ)4 x 10m shuttlerun. The
scientificrationalefor the selectiorof the testswasbasecdn their feasibilityandreliability for
administrationin aschoolsetting[38], andtheir establishedriterion-relatedvalidity [39].
Fouradditionaltestsof physicalfithessand healthcommonlyadministeredn school-based
HRPFtestbatteriesandlarge-scal@éealthsurveysyerealsoincluded,namely:90Epush-up;
isometricplank-hold;back-savesit-and-reacHBSR)andblood pressureO'Keeffeandcol-
league$40] confirmedthetest-retesteliability of the administrationprotocoloutlined above
for eachtestitem, reportingintra-classcorrelationcoefficientof > .797and meancoefficient
of variationvaluef 6.5%acrosall testitems.Detailedtestadministrationprotocolsfor each
testitem areavailabléen this study[40].

All testswereconductedn participatingschoolsphysicaleducationhalls,andtook place
during timetabledphysicalkeducation The authorswerekeenfor testingto reflectthe authen-
ticity of astandarddoubleclasgperiodof physicaleducationin the Republicof Ireland school
setting therefore testinglasted0minutes.Testswereadministeredn smallgroupsof sixor
lesgarticipantsatatestingstationatanyonetime. Furthermore,in aneffortto addresgatigue
or testsequencingspotentialsource®f measuremengrror, all participantshada minimum
restperiodof betweerthreeandfive minutesbetweereachtestingstation.The20m SRTisan
estimateof maximalaerobiccapacitytherefore jt wasconductedon aseparatelayto all other
testsusingthe Légeretal. protocol [41]. Participantsvererequiredto run betweertwo lines
20metresapart,while keepingpacewith audiosignalsemittedfrom apre-recordedCD. The
initial speedvas8.5km/h, andwasincreasedy 0.5km/h perminute. Thetestfinishedwhen
the participantfailedto reachthe endlinesconcurrentwith the audiosignalson two consecu-
tive occasionspr whenthe subjectstoppedbecausef fatigue.

Data collection and quality control

A softwareplatform wasdevelopedpecificallyfor the purposeof this studyto enableefficient
multi-site captureof datafrom participatingschoolsFollowingtestadministration,cooperat-
ing physicalkeducationteachersiploadedestresultsto aweb-basedpplicationhostedon a
securedserverat the leadauthors'institution. Cooperatingeacherseceivedatutorial on
usingthe softwarefrom the leadauthorandausermanualoutlining the procedurefor input-
ting results Biologicallyplausiblevaluelimits wereassignedo eachfield to minimise potential
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inaccuraciesluring datainput. An additionalquality control featureincludedcollectingtest
batteryresultssheetgrom participatingschoolsfrom whichtheleadauthorrandomlyselected
half of the completedresultssheetsandcross-referencedachto ensurethe accuracyof results
inputted.

Statistical analysis

Completecase¢n = 1215, designatedlisadvantaged) = 221)wereextractedrom the soft-
wareplatform andtransferredo StatisticaPackagéor SocialScience§SPS$ersion25,Chi-
cagolL) for analysisTheresearcheamdefinedanincompletecaseasmissingthe BMI
recording,or two or morefitnesstestitems.Incompleteresponsefn = 66) wereexcluded
from all analysesA visualinspectionof histogramsandbox plotsshowedhat datawerenor-
mally distributed,with skewnessf < 1.2andkurtosisof < 1.6.Means(M) and standarddevi-
ations(SD)werecalculatedor all scalescoreswith t-testsand ANOVAS testingfor
differencedy selectedlemographicsA linear mixed modelanalysiof variancewascon-
ductedto examinethe differencesdbetweerdesignatedliisadvantagednd non-disadvantaged
schooldor keyhealth-relateditnessoutcomevariablescontrolling for ageandgenderas
fixed effectsand schoolasarandomeffect.Resultdrom this analysisverethengraphically
depictedusingclusterederror bargraphs.

Followingarequestaccessvasprovidedto the original datasefrom the HealthyLifestyle
in Europeby Nutrition in AdolescencéHELENA) study[33]. This datasetontainedgender
andage-specifiphysicalfithessnormativevaluesamongEuropearadolescentsom 10Euro-
peancountrieswith asimilargendern(n = 911,girls= 544)andage(13.5years SD.31)profile
to participantsin the currentstudy.Datacollectionfor the HELENA studytook placefrom
2006to 2008 Administration protocolsfor the five field-basedestscomparednamely the 20
m SRT,SBJhandgripstrength BSRand4 x 10m shuttlerun, werethe samefor both studies,
asdetailedin Ortegaetal.[33]. Cohen'sd wasusedto comparedifferencedetweerpartici-
pantsin this studyandage-matche@&uropeamormativevaluedy calculatinghe meandif-
ferencebetweerthetwo groups,anddividing the resultby the pooledstandarddeviation[33].
Cohensuggestethatd = 0.2beconsidered “small'effectsize 0.5represents medium'effect
sizeand0.8a 'large'effectsize Correctionfor multiple comparisonsvasmadeviathe Bonfer-
roni correction.Participantgphysicafitnessscoresverealsoexpressedsingaquintile classifi-
cationframeworkbasedn Europeamormativevalueq33], correspondingo 2verylow®,
3low®, 2moderate®2high®, and2veryhigh? levelsasrecommendedy Tomkinsonetal. [42].

Results

Anthropometriccharacteristicand HRPFlevelsof the studysampleareshownin Table2.
Overall,boyshadsignificantlyhighercardiorespiratorendurancg CRE)(20m shuttlerun
test),muscularfitness(handgripstrength standingbroadjump (SBJ)90Epush-upandiso-
metric plank hold) levelscomparedo girls, while girls hadsignificantlyhigherflexibility
(back-savesit-and-reaci(BSR))p < 0.001¢-test,with Bonferronicorrectionfor multiple
comparisons)Girls hadsignificantlylowermeansystolichlood pressurén comparisonto
boys,howeverdespitereachingstatisticakignificancethe total differencein meanvaluesvas
small(< 1.5mmHg). The prevalencef overweightand obesitywasestimatedasperthe crite-
ria publishedby Coleetal.[43]. Overonequarter(25.8%)of girls and 23.9%of boyswere
overweightpf which 12.2%of girls and9.2%of boyswereobeseAn inverserelationship
betweerperformancean the20m SRT(r =-.32,p < 0.001)andSBJr =-.29,p < 0.001)ests
andoverweightand/or obesitywasobservedBoysandgirls categorise@dsoverweightor obese
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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) ? 1177 23.5(9.3) 591 22.0(8.7) 586 25.0(9.7) < 0.001°
Systolic BP (mmHg) 1189 109.4(13.3) 595 110.7(13.3) 594 108.2(13.1) <0.001°
Diastolic BP(mmHg) 1189 74.0(11.4) 595 73.0(11.3) 594 75.0(11.5) < 0.001°
Standing broad jump (cm) 1206 151.0(26.1) 601 158.3(27.3) 605 146.6(23.7) < 0.001°
Handgrip strength (kg) & 1201 23.0(5.1) 598 24.1(5.7) 603 21.9(4.3) < 0.001°
90° push-up (repetitions) 1177 10.9(8.6) 583 13.3(8.6) 594 8.5(8.0) <0.001°
Isometric plank-hold (s) 1177 77.7(49.5) 581 86.7(54) 596 68.9(42.8) <0.001°
4 x 10 m shuttle run (s) 1174 12.2(1.4) 588 12.0(1.1) 586 12.4(1.7) < 0.001°
20 m SRT (# shuttles) 1138 47.4(22.4) 570 53.4(22.8) 568 41.4(20.3) < 0.001°

Abbreviatiors:BMI, bodymassndex;BSR pack-savesit andreach;SD,standarddeviation;BP,blood pressure20m SRT,20m shuttlerun test.
2Theaveragef right andleft sidescoress shownin thetable.Significantdifferenes(p < 0.001with Bonferronicorrection)werefound betweerboysandgirls,
independat samples-test.

® IndicatesamorefavourableHRPFscorefor boys.

¢ Indicatesa more favourableHRPFscorefor girls. Dueto schoolabsenceand/or injury, not all totalsamountto 609(girls) and 606(boys).

https://da.org/10.1371durnal.pon®235293.t002

ran anaveragef 17fewershuttle20m SRT)andjumped(SBJ)pn averagel4centimetres
(cm) lesghantheir peers.

No statisticallysignificantdifferencedetweerurbanandrural schoolsverefound across
anyof thevariablesanalysedHowever differencesvereobservedetweerparticipantsin
mixed-genderndsingle-gendeschoolsAn ANOVA wasconductedo examinedifferences
in HRPFbetweerboysandgirlsin single-gendeand mixed-gendeschoolsusinga Bonfer-
roni adjusted valueof .01for thevariabledistedin Table3.Boysin mixed-gendeschools
hadsignificantlyhigherBSR SBJnd20m SRT andsignificantlylowerBMI levelsjn com-
parisonto participantsin boys'schoolsGirls in mixed-gendeschoolshadsignificantlyhigher
SBandhandgripstrengthscoresn comparisorto participantsin girls' schools.

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

Variable Mixed-gender, boys Single-gender, boys p value | Effect size | Mixed-gender, girls Single-gender, girls | p value | Effect size
(n=443) (n=163) n* (n=413) (n =196) n*

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

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

Standing broad 161.7(27.2) 150.7(25.7) < .03 148.6(23.8) 142.1(22.1) 0.001 .02

jump (cm) 0.001

Handgrip strength | 24.1(6.2) 24.3(5.7) NS .00 22.3(4.3) 21.2(4.1) < .02

(kg) ® 0.00%

4x 10 m shuttle run | 11.9(1.0) 12.0(1.2) NS .00 12.4(1.2) 12.2(2.3) NS .00

()

20 m SRT (# 55.4(21.7) 48.0(24.9) < .02 42.2(18.4) 39.8(23.6) NS .00

shuttles) 0.001

Dataareshownasmeanswith standarddeviationin bracketsAbbreviatiors:BMI, bodymassndex;BSR pack-savesit andreach20m SRT,20m shuttlerun test.
3Theaveragef right andleft sidescoress shownin thetable.Significantdifferenes(p < 0.001with Bonferronicorrection)werefound betweerboysandgirls,
independat samples-test.

® IndicatesamorefavourableHRPFscorefor boys.

¢ Indicatesamore favourableHRPFscorefor girls. Dueto schoolabsenceand/or injury, not all totalsamountto 609(girls) and 606(boys).

https://da.org/10.1371¢urnal.pon®235293.t003
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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) ? 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 161.8(26.7) 148.0(26.5) 147.6(23.3) 139.923.5)
(cm)

Handgrip (kg) ? 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)

Abbreviatiors:BMI, bodymassndex; BSRback-savesit andreach;SD,standarddeviation;BP,blood pressure20m SRT,20m shuttlerun test
2Theaverag®f right andleft sidescoreis shownin thetableandwasusedfor all analyss.

https://da.org/10.1371¢urnal.pon®235293.t004

Descriptivecharacteristicef boysandgirlsin non-disadvantagedersusiesignatedlisad-
vantagedschoolsarepresentedn Table4. A mixedmodelanalysi®f the differencedetween
designatedlisadvantagedndnon-disadvantagedchooldor keyhealth-relateditnessout-
comevariablescontrolling for ageand genderasfixed effectsandschoolasarandomeffect,
ispresentedn Table5. Meanvaluesveresignificantlyhigherin designatedlisadvantaged
schooldor BMI (p < 0.0014-testwith Bonferronicorrection)andsignificantlylowerfor the
20m SRT(p < 0.001) 90Epush-up(p = 0.014) SBJp = 0.013)and handgripstrength
(p = 0.05) Differenceswvereparticularlylargefor the 20m SRT with meanvaluedor desig-
nateddisadvantagedchoolsl 9shuttleg380metres)fewerthan non-disadvantagedchools.
Clusterecderror meanbargraphswith 95%confidencentervalswereusedto graphically
depictthedifferencesn performanceataschool-leveacrosskeyHRPFfithessvariablesas
displayedn Fig 1.

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)® p value
BMI 20.0 21.6 -1.6(-2.2t0-0.97) < 0.001
BSR (cm) ? 24.3 20.7 3.5(-3.6t0 10.7) NS
Systolic BP (mmHg) 109.4 108.9 0.5(-2.4t0 3.4) NS
Diastolic BP (mmHg) 73.9 73.3 0.6(-2.5t03.7) NS
Standing broad jump (cm) 154.3 142.0 12.3(2.9t0 21.9) 0.013
Handgrip (kg) ® 23.4 22.0 1.4(0.0t0 2.7) 0.05
90° push-up (reps) 115 8.4 3.1(0.7t0 5.6) 0.014
Isometric plank hold (s) 79.4 60.7 18.7(-0.5t0 38.0) NS

4 x 10 m Shuttle (s) 12.1 12.7 -0.6(-1.3t0 -0.0) NS

20 m SRT (# shuttles) 51.3 32.2 19.1(12.3t0 25.9) < 0.001

Abbreviatiors:BMI, bodymassndex; BSR back-savesit andreach;SD,standarddeviation;BP,blood pressure20m SRT,20m shuttlerun test.

2 Theaveragef right andleft sidescoreis shownin the tableandwasusedfor all analyse.
bMeandifferene (95%Cl) from linear mixedmodels controlling for ageand genderasfixed effectsand schoolasa randomeffect.

https://da.org/10.1371durnal.pon®235293.t005
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Whencomparedo Europeamormativevalueq33], girlsin this studyscoredsignificantly
betterin the20m SRT 4 x 10m shuttlerun and SBlestswhile boysscoredsignificantly
higherin the BSRtest(Cohen'sd rangingfrom 0.2to 0.6,p < 0.01,Bonferronicorrection).
However Europearadolescenthadsignificantlyhigherhandgripstrengthscore§Cohen'sd
0.6t0 0.8,p < 0.01).EuropearboysalsohadsignificantlyhigherSBXcoregCohen'sd = 0.5,
p < 0.01).Usingaquintile classificatiorframework the authorsestablishethe percentagef
Irish adolescentom the current studythat fell within eachquintile of Europeamormative
valued33] (Figs2 and 3). Only 11.1%of boysand 10.0%of girls achievedaveryhigh
score> 80" centile)for handgripstrengthwith 34.0%of boysand 31.2%of girls classifiedn
theverylow quintile (< 20%).SBXcoresveremore evenlyspread;19.5%and9.9%scoringin
theverylow categoryand 17.6%and 17.1%scoringin theveryhigh categoryfor boysand
girls, respectivelyWwith regardto the BSRest,39.1%of boysand 29.2%of girlsachieved
veryhigh scorebasedn Europeamorms.While boys'scoredor the4 x 10m shuttlerun
wererelativelyevenlydistributedin eachquintile, 41.1%of girls achievedascore> 80" per-
centile.Finally,the mostsignificantdifferencesith Europeamormativedatawerefound in

the20m SRT.Almosttwo thirds of girls (61.4%)and41.1%of boysin the currentstudy

achievedveryhigh ranking (> 80" percentile)with only 5.6%of boysand0.9%of girls cate-
gorisedin the verylow category(< 20" percentile).
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Fig 2. Quintile classification framework for physical fitness components for boys (n = 606), based on European normative values [33].

https://doiorg/10.1371§urnal.pon®235293.g0D

Discussion

Theaim of the currentstudywasto examinethe influenceof school-levetharacteristicen fit-
nesgestperformanceandto comparerish adolescentghysicafitnessto Europeamorms.
Overall,participantsin designatedlisadvantagedchoolshadsignificantlypoorerHRPFlevels
in comparisorto thosein non-disadvantagedchoolsparticipantsin mixed-gendesettings
hadsignificantlylower BMI levelsand highermuscularstrengthlevelscomparedo thosein
single-gendeschoolsandalthoughparticipantsin this studyhadsignificantlyhigher CRElev-
els,EuropearadolescenthadsignificantlyhighermuscularstrengthlevelsThis studyrepre-
sentghefirst analysiof all componentof HRPFamongadolescent&om the Republicof
Ireland,whichwehopewill form the basisof further examinationf physicalfithessvariables
amongyouth acrossabroaderrangeof agegroups.

Perhapsunsurprisingly boysscoredhigherthan girls acrossall componentof HRPF aside
from flexibility. This corroborateshefindings of arecentmeta-analysisf physicafitness
amongadolescentmternationally[44], which reportedthat boysconsistentlyscoredhigher
thangirls on fithesstests excepion the sit-and-reachestof flexibility in whichgirls scored
higher.A recentnationalsurveyof physicalactivity and sportparticipationamonglrish youth
reportedthatonly 7%of girlsin secondanschoolanettherecommendediaily activity guide-
linesof 60 minutesof moderate-to-vigoroughysicalactivity comparedo 14%of boys[30].
Theauthorsalsoreportednon-participationlevelsof 45%in anyform of community sport
amongadolescengirls,in comparisorto 31%amongboys.Furthermore,in line with research
to date aninverserelationshipbetweemerformancdn the20m SRTand SBlestsand over-
weight/obesitywasfoundin the currentsampleln aninvestigationof the determinantfactors
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Fig 3. Quintile classification framework for physical fitness components for girls (n = 609), based on European normative values [33].
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of physicafithessamongl3,62Zuropearchildren,Zagoutandcolleaguef2 1] highlighted
the significanceof BMI asaphysicalfithessdeterminant,independenif physicalactivity.In
anexaminationof overweight/obesitand physicalfitnessamong519Brazilianchildrenand
adolescentaged to 15yearsPumith etal.[22] alsoreportedthat higherBMI valuesvere
associatetvith declinedn physicalffithessjndependenpf age.The prevalencef overweight,
classifiedaccordingto the sameageand sexspecificcut points[43], was25%amonganation-
ally representativeampleof Irish adolescents arecentlongitudinal study[45], onepercent
lessghanthefigurereportedfrom datagenerateaspart of the currentstudy.In addition,age-
matchedmean20m SRTvaluesveresimilar to thosefrom the mostrecentlyreportednational
representativelata[30].

Participantsn mixed-gendesschoolshadsignificantlyhigherestimatedCRE(20m SRT)
andmuscularstrength(handgripstrength),andsignificantlylower BMI levelsjn comparison
to participantsin single-gendeschoolsA recentsurveyof studentsattitudestowardsfitness
testingin schoolsettingg37] reportedthat participantsin mixed-gendessettingshadsignifi-
cantlymore positiveattitudesthanthosein single-gendeschoolsisheeandWard [46] did
reportthatgirlsin mixed-gendeschoolsachievedighermoderateto vigorousphysicalactiv-
ity leveldn their physicaleducationlessonsn comparisorto thosein single-gendeschools,
howeverpoysdid not varysignificantly.Van Ackeretal.[47] similarly reportedthat partici-
pantsin coeducationatettingsachievedsignificantlyhighermoderateto vigorousphysical
activitylevelsduring physicaleducationlessonsn comparisonto single-gendeschools.

PLOS ONE | https://doi.org/10.1371/journal.pone.0235293  June 29, 2020 11/16


https://doi.org/10.1371/journal.pone.0235293.g003
https://doi.org/10.1371/journal.pone.0235293

PLOS ONE

Profiling the health-related physical fithess of Irish adolescents: A school-level sociodemographic divide

Contrastingfindingsemergedrom comparisondetweerthe current studysampleand
age-matcheduropeamormativevalueggeneratedrom the HELENA study[33]. Girlsiin this
studyhadsignificantlyhighermeanscoresn the 4 x 10m shuttlerun and20m SRTin com-
parisonto their Europearpeerswhile boysin this studyscoredsignificantlyhigherin the
back-savesit-and-reacttest.However asillustratedin Figs2 and 3, overthreequartersof
Irish boysand girls wereclassifiechsmoderateor belowaveragdor handgripstrengthwhen
comparedo Europeamormsusingaquintile classificatiorframework.Thisis afinding of
particularconcerngiventhe emergingevidence-basinking poor musculoskeletdltnessin
adolescenceith negativehealthoutcomedaterin life [4, 48].In contrast,84.3%of girlsand
66.5%0f boysscoredabovethe 60" percentilein the 20m SRTwhencomparedo European
normativevaluesMean20m SRTvaluesveresimilar to thosefrom the mostrecentnationally
representativelata[30]. Nationally,researchhasindicatedasignificantdrop off in sportspar-
ticipation andphysicalactivity ratesamongyoungadolescengirls from the agel4[49].
Althoughbeyondthe scopeof the current study,an examinationof fitnessvariablesacrossall
school-goingadolescenagegroupsis neededcconfirm if the reporteddifferencedetweenrish
andEuropearadolescentgackacrossll adolescenagegroups.

An important finding to emergdrom this studywasthe disparityin fitnesslevelsdbetween
participantsin designatedlisadvantagedndnon-disadvantagedchoolsParticipantdn des-
ignateddisadvantagedchoolshadsignificantlyhigherBMI levelsand significantlylower20
m SRTandSBX kcoresn comparisorto thosein non-disadvantagedchoolsA comprehensive
analysi®n theinfluenceof socioeconomistatuson physicafitnessamongEuropearadoles-
centsconcludedthat socioeconomistatusvaspositivelyassociatedith physicafitnessjnde-
pendentlyof total bodyfat andhabitualphysicalactivity [23]. In oneof thefewempirical
studiesto investigatehe impactof schoolsociodemographicharacteristicen physicafitness
variablesWelk etal.[50] reportedthat physicafitnesswasconsistentlyhigheramongstudents
in schoolscategorize@slow diversityandhigh socioeconomistatusBaiand colleagues
(2016)similarly reportedclearevidencehat schoolsocioeconomistatusvasthe mostinflu-
ential contextuaffactorfor explainingdisparitiesn schoolffithessoutcomeslt hasalso
recentlybeenreportedthat schoolsocioeconomistatusvasa strongdeterminantof over-
weightandobesityin Irish schoolchildreq25]. This suggestthat governmenfunding utilised
for the promotion of healthylifestylebehavioursamongyouth shouldprovideadditionalsup-
port for designatedlisadvantagedchools.

This studyhad somelimitations which shouldbenoted.Firstly, althoughthe current study
samplerepresentshe largestexaminationof multiple componentof HRPFin the Republicof
Irelandto date,dueto logisticalconstraints participantswereonly generatedrom yearone of
secondangchooleducation precludingan analysiof fithessvariablesacrossll adolescenage
groups.Additionally, the samplesizeof 20schoolds smallfor the linearmixedmodelanalysis
of non-disadvantage¢h = 14)versugdesignatedlisadvantage¢h = 6) schoolsHowever the
randomisedandstratifiednatureof the samplethe varietyof fithesstestsusedandthe provi-
sionof the original HELENA dataseto facilitatemore detailedcomparisonwith participants
in the currentstudy,wereimportant strengths.

Conclusion

This studyrepresentshe first comprehensiveeviewof multiple componentof health-related
fithnessamongastratifiedsampleof adolescents the Republicof Ireland. The contrasting
findingsfor differentfithesscomponentswvithin our samplereiteratethe needfor multi-com-
ponentHRPFtestbatteriesfor monitoring physicafitnessin youth. Overall,age-matched
comparison®f HRPFlevelsvith Europeamormswerebroadlypositivefor all components,
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asidefrom muscularfitnessin which Europearadolescentscoredsignificantlyhigher. There-
fore,interventionsaimedatimproving the physicaffithessand activity levelsof Irish youth
shouldincludeafocuson muscularfitness.n termsof schoollevelcharacteristicspecifically,
datapresentedn the currentstudyindicatedthat adolescents mixedgenderschoolsoutper-
formedthosein singlegenderschoolsacrossmostHRPFcomponentsFurthermore the extent
of the disparityin fitnesslevelsbetweerparticipantsin designatedlisadvantagedndnon-dis-
advantagedchoolsvasafinding of particularconcern Futureinterventionsdesignedo pro-
mote healthylifestylebehavioursamongschool-goingpopulationsshouldgivespecial
consideratiorto studentsn designatediisadvantagedchoolsThe provisionof additional
supportfundsto promotehealthylifestylebehavioursouldrepresentn efficientmodelof
funding, targetingthosewho aremostin need.
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