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Abstract

ODA,S.,MIZUNO,T.,NAKAGAWA,K.andMORIYA,K.,Recreational

UnderwaterExerciseFacilitatestheSleepContinuityinPhysicallyUn-

trainedMales.Adv.Exerc.SportsPhysiol.,Vol.7,No.2pp.59-63,2001.In

thispaper,weexaminedtheeffectsofrecreationalunderwaterexercise(UWE)on

sleep.PhysicallyuntrainedmalecollegestudentsparticipatedintheUWEprogramin

theeveningatahealthreso漁cility.UWEwasperformedinthermoneutralwater(34

℃)andthesubjectsfollowedaninstructor'sdirections.Theprogramwasdividedinto

伽osessions.Anaquatrimexerciseconsistedofslowgymnasticexercisesandan

aquaaerobicexerciseconsistedmostlyofrapidaerobicdances.A丘erUWE,thesub-

jectswerestUdiedwithnoctUrnalpolysomnographyathome.Thenoc加malsleep

datafbllowingUWEwerecomparedwiththosefbllowingadayofroutineactivityin

whichexercisewasnotpracticedonthecontrolnight.HeartrateduringUWE

showedthattheintensityofexercisewaslowtomoderate.Fromsleepresults,the

timeinstagel(p=0.03)andsleepdis加rbance(movementtimeandstagesWandl

combined,p=0.03)ontheUWEnightweresignificantlyshorterthanthoseonthe

controlnight.Ontheotherhand,nosignificantdifferenceswerefoundinthetimeof

SWS(slowwavesleep)orREM(rapideyemovement)sleep.Theseresultsindicate

thatrecreationalUWEoflowtomoderateintensitymayimprovethesleepcontinuity

ratherthancausechangesinthesleeppattern.

Keywords:underwaterexercise,recreation,moodstates,sleep,awakening

lntroduction

Inseveralrecentepidemiologicalstudies,various

sleepdisordersamongyoungadultshavebeendemon-

strated,suchasdif行cultyinfallingasleep,frequentmid-

sleepawakeningsandnotfeelingrefreshedinthemorning

(5,13,14).Ybungadultswithsleepcomplaintstendto

havephysicallynon-activelifestyles.Severalstudieshave

fbundthatphysicallyactiveyoungadultshavebettersleep

habitsthanthosewhohaveamoresedentarylifestyle(9,

16).Thesefindingsindicatetheimportanceofaphysically

activelifestyleforgettingagoodnoctUrnalsleep.

Therefbre,numerousstudieshaveexaminedtheef-

fectsofexerciseonsubsequentnoctumalsleep(3,7,29,

30).However,therehasbeenlittleagreementtosupport

thehypothesisthatphysicalexerciseimprovesthefbllow-

ingnight'ssleep.Themajorityofresearchesappeartouse

exerciseprotocolsandlimittheirstUdystrictlycontrolled
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pertainingtointensityand/orenergyconsumption,inorder

tounderstandonthephysiologicalaspectoftheinfluence

ofexerciseonsleep.Thesehighlycontrolledexercisepro-

tocolsmayclarifytherelationshipbetweenphysiological

responseandsleep,however,sleepmaybeinfluencednot

onlybyphysiologicalchangesbutbyotherfactorsaswell.

Itisworthnoticingherethattherearestronglinksbetween

sleepdisordersinyoungadultsandtheirmoods.Thereis

agreementthatsleepisdisturbedbynegativemoods,such

asanxietyordepression(13,14).Thesefindingssuggest

thatsleepmayalsobeimprovedbyexercise-inducedmood

benefits,asmanystudiesshowed(2,19,20).However,few

studieshavefbcusedontheeffectsofexercise_induced

moodbenefitsonsleep.Kupferetal(12)failedtodemon-

stratethateitherchangesinsleepormoodsafterexercise

weresignificantlyworthyofnote,anddidnotsupporttheir

hypothesisatall.Itislikelythatthisfailurewasduetothe

useofamonotonousrunning/joggingprotocol,whichisa

monotonoustypeoflaboratoryexercise.Ifanexerciseis

tootediousortoostrenuous,usefUlbenefitsmayonlybe

observedamongthosepeoplewithahighlevelofmotiva-

tionorperseverance.Itisfeltthatmoreenjoyableexercise

oughttoberecommendedinordertoimprovemoodand

sleep,especiallyfbrphysicallyuntrainedsuhjects.Thisen-

joyablefeelingisalsoeffectivefbrinducingsuhjectsto

continuetheexercise.

Unfb血nately,therehavebeennostudiesthatexam-

inedtheeffectofenjoyableexerciseonsleep.Wetherefbre

fbcusedonrecreationalunderwaterexercise(UWE),which

isperformedathealthresortsandleisurefacilitiesasappro-

priateexercisefbrimprovingbothmoodandsleep.Weem-

phasizethatthisUWEwasdevisedforgeneralenjoyment。

Inapreviousstudy(19),wehavealreadyreportedthata

significantincreaseinscoresofpositivemood(i.e.vigor)

andadecreaseinscoresofnegativemood(i.e.tensionand

anxiety,anddepressionanddejection)afterUWE,assessed

byprofileofmoodstates(POMS).

AnotherreasonthatwefocusonUWEisthevarious

uniquebenefitsofwater,whichhavebeenreportedelse-

where(8,10,24,26).Forexample,buoyancymayreduce
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weightstressonthejointsandmayallowproblem-freeex-

ercisefbrthosewhoareunabletoparticipateintraditionaI

walkingorlow-impactaerobicprogramsduetotheirphysi-

callimitations.Infact,UWEhasbeenwidelyusedtoim-

provefitnessinolderadults,andasatherapyfbrchronic

diseases,orthopedicrehabilitation,andsoon.

Aboveall,thepurposeofthisstudyistoexaminethe

effectsofrecreationalUWEonsleep.Wewillalsodiscuss

thephysiologicalandpsychologicalmechanismsbehind

theresultsobserved。

Methods

Subjects

Eighthealthymalecollegestudentsparticipatedin

thisexperiment.Informedconsentwasobtainedfromthe

subjects.Noneofthesubjectsregularlyengagedinphysi-

calexerciseandtheirfitnesslevelswerenottakenintocon-

sideration.Theyagreedtore丘ainfヒomalcohol,caffeine,

illegaldrugsandhigh-intensityphysicalactivityfbr24h

befbredatacollection.Thedatafbrsixsubjectswitha

mean(±SD)ageof23.0±1.1yearswereusedfbrthesta-

tisticalanalysis,sincethesefbrtwosuhjectswerepartially

mlSSlng・

Design

ToassesstheeffectsofUWEonsleep,eachsubject

wasstudiedfbrtwonightsofsleep.Onewasacontrol

nightstudyconductedonthenightafteradayofroutineac-

tivityinwhichthesubjectrefヒainedfヒomphysicalexer-

cise.TheotherwasUWEnightstudy,whichwas

conductedonthenightfbllowingUWEintheevening.

Bothstudieswerecounterbalancedinorderandperformed

atleastonedayapart,afteronenightofadaptationtore-

duceanypossible"firstnighteffect"asAgnewetal(1)

suggested.Onthisadaptationday,allsubjectsparticipated

inthesameUWEprogram.Electrocardiogram(ECG)data

wererecordedfbreachsu切ectasanintensityindexof

UWE.

Experi〃iental・Procedure

IntheUWEnightstudy,thesubjectsarrivedatthe

laboratoryat17:00andweretakentoacommercialhealth

resort(SapporoTherme,Sapporo,Japan)bycar,where

theypanicipatedintheUWEprogramfrom18:30tol9:30.

Uponarrival,thesubjectschangedintotheirswimsuitsand

satonchairsbesidetheexercisepooltowaitfbrthestartof

theUWEprogram.Thewatertemperatureanddepthwere

setat34℃and120cm,respectively.Thes呵ectsalways

exercisedtogether,alongsideotherparticipantsinthepro-

gram.Theyfbllowedtheinstructor'sdirectionsandmove-

mentswithmusicwhenpracticingUWE.

Theprogramwasdividedintotwosessions:anaqua

trimsessionfbrthe丘rst20minandanaquaaerobicsses-

sionfbrthelast30min.Thetypicalmovementsofboth

sessionsareillustratedinourpreviousarticle(19).For

mostofthefirstaquatrimsession,su切ectsengagedin

slowgymnasticexercisesusingapole,whiletheinstmctor

directedthemtobreatheslowly.Inaddition,thesu切ects

jumpedoccasionally,oftentwistingthemselves.After

stretchingandcoolingdown,thesessionended.AfteralO

minbreak,theaquaaerobicsessioncommenced,during

whichthesu切ectsmostlypracticedrapidaerobicdances.

Towardsthemiddleofthissession,thesu切ectsdanced

whilemovingquicklyandjumping.Theystretchedthem-

selvesandcooleddownagainattheendofthesession.

UponcompletionoftheUWEprogram,thesu切ects

returnedtothelaboratorywheretheywerefittedwithelec-

trodesforpolysomnography(PSG)measurements.With

thesepreparationscompleted,thesu切ectsweretaken

home.Inordertoreduceunduestress,allthePSGrecord-

ingswerecarriedoutintheco血esofthenormaldomes-

ticsleepingenvironmentfbrsu切ects(28).Theywere

instructedtoadheretotheirnormalroutineintheevening

andtogotobedandgetupattheirusualtime.

Forthecontrolnight,thesubjectsarrivedat20:00fbr

thefittingofPSGelectrodes.Sleeprecordingwascarried

outusingthesameprocedureasontheUWEnight.The

subjectswereinstructedtoadheretoasimilarnormalrou-

tinelifestyleexceptfbrtheexercise.Theywerealsoin-

stru[ctedtowriteanactivitydiaryfbrscreening.

Measurements

1>)E「CGrecordingsduringσ 〃TE

ECGrecordingsduringUWE,whichweretakenin

theadaptationstUdy,usedthechest-leadmethod.ECGelec-

trodeswereattachedtothesubjectsaftertreatmentwith

skinpreparationgel(SkinPure,NihonKohden,Tokyo,Ja-

pan)andrubbingethanol.Watelproofpads(TegadermTM

TransparentIVDressing,3MHealthCare,USA)were

usedtocovertheelectrodes.ECGdatawererecordedwith

lmV/10mmcalibration,atimeconstantofO.5sanda100

Hzlow-passfilterusingamulti-telemetersystem(WEB-

5000,NihonKohden,Tokyo,Japan)andcassettedatare-

corder(MR-40,TEAC,Tokyo,Japan).

2リPSGア 「ecordings

PSGrecordingandscoringmethodswereaccording

tothestandardizedprocedure(22).Themonitoringmon-

tageconsistedoffburelectroencephalogram(EEG)chan・

nels(C3,C4,P3,P4),abilateralelectrooculogram(EOG),

submentalchinelectromyogram(EMG),andchest-leaded

ECG.PSGdatawererecordedusingamulti-telemetersys-

tem(WEB-5000,NihonKohden,Tokyo,Japan)andcas-

settedatarecorder(XR-510,TEAC,Tokyo,Japan).EEG

datawererecordedwith50μV/8nrmcalibration,atime

constantofO.3sanda30Hzlow-passfilter.EOGdata

wererecordedwith50μV/10mmcalibration,withatime

constantof1.5sanda30Hzlow-pass丘lterEMGdata
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wererecordedwith50μV/10mmcalibration,atimecon-

stantofO.03sanda30Hzlow-passfilter.ECGdatawere

recordedwithlmV/10mmcalibration,atimeconstantof

O.5sanda100Hzlow-passfilter.

DataAnalysis

FromECGdatarecordedduringUWE,themean

heartrate(HR)wasobtainedeveryminuteusingatimese-

riesanalysissystem(MaximalEntropyMethodsfbrTime

SeriesAnalysis,MemCalc,Ver.2.5,GMS,Tokyo,Japan).

Furthermore,toestimatetheindividualintensityofthe

UWEprogram,relativeHRreserve(%HRres)wascalcu-

latedusingthefbllowingequations:%HRresニ(HRexercis,-

HRrest)/(HRma.-HRrest)×100.HRmax=220-age(years).

WedefinedHRr,stastheminimumHRvalueduringpre-ex-

erciserest(19)。Wetherefbreobtainedmean,troughand

peak%HRresduringbothsessionsofUWE.

PSGdatawereanalyzedusingaMedilogsleepanaly-

siscomputer(DEE-llOO,NihonKohden,Tokyo,Japan)

aswellasbyvisualscoring,witha30ssleepepoch.The

sleepvariablesanalyzedwereasfbllows:(1)Timeinbed

(TIB:thedurationofthelights-outperiod).(2)Sleeppe-

riodtime(SPT:thetimefromsleeponsettofinalwaking).

(3)Totalsleeptime(TST).(4)Sleepef且ciency(SE:

TST/TIB).(5)Sleeponsetlatency(SOL:theperiod丘om

lights-outtothestartofthefirstminuteofcontinuousstage

20rdeepersleep).(6)Movementtime(MT).(7)Wake

timeaftersleeponset(WASO:stageW+MT).(8)Sleep

disturbancetime(WASOandstagelcombined).(9)Time

ineachofthesleepstagesl,2,3,4,andREM(rapideye

movement).(10)Slowwavesleep(SWS:stages3+4).All

oftheabovewerebasedonshorterSPTfbreachsubject.

(11)MeanHRduringTIBwasalsoscored。

Weusedapairedt-testfbrcomparingthesleepvari-

ablesbetweenthecontrolnightandtheUWEnight.Differ-

enceswereconsideredsignificantatp<0.05.

Results

η3吻 εαc加racteristicsand%HR・ 。、伽 α

Tablelshowsindividualphysicaldatacollectedon

thesubjectspriortotheexperiment,andmean,troughand

peak%HR,e、datafbreachofthetwosessionsofUWE。Av-

erage%HRre、forallsubjectschangedeveryminuteduring

UWEasplottedinourpreviousarticle(19).Mean%HRre、

wasabout20%duringtheaquatrimsession,whilemean

andpeak%HR,,sreachedatabout30%and50%duringthe

aquaaerobicssession.Furthermore,thedatareveallargein-

dividualdifferencesinexerciseintensity,especiallyduring

theaquaaerobicssession.

2りPSGdata

TherewasnodifferenceinbedtimebetWeentheUWE

night[0:06(SD44.2min)]andthecontrolnight[0:08(SD

42.7min)].Table2showsmeanscoresofsleepvariables

forsixsubjectsoverbothUWEandcontrolnights.There

arenosignificantdifferencesinallthesleeptimevariables

(TIB,SPT,TST),SOLandSE.However,significantdiffer-

enceswereobtainedinsleepcontinuityvariables.Onthe

UWEnight,ashortertimeinstagelwasobservedincom-

parisonwiththatonthecontrolnight[t(6)=2.55,p=0.03].

AlthoughthetimeofstageWandWASOtendedtobe

smalleronUWEnight(p<0.10),sleepdisturbancetime

wassignificantlyshorteronUWEnight[t(6)=2.29,p=

0.03],ascomparedwiththatonthecontrolnight.Onthe

otherhand,sleeppattemvariables(stages2,3,4and

REM,andSWS)showednosignificantdifferencesbe-、

tweenbothnights.MeanHRduringsleepalsodidnotdif=

fersignificantlyinbothnights(Table2).

Discussion

Inthisstudy,weinvestigatedtheeffectsofrecrea-

tionalUWEintheeveningonfbllowingnoctumalsleep.

AlthoughPSGresultsindicatenosignificantimprovement

intheparameterofsleepdepth(stages3,4andSWS)or

REMsleep,animprovementinthesleepcontinuity

(shortertimeinstagelandsleepdisturbance)afしerUWE

wasobserved.Previousstudieshavefailedtoobservethe

effectsofphysicalexerciseonthesleepcontinuityand

havehardlydiscussedthematteratall(30).Tounderstand

theimprovementinsleepcontinuity,notonlythetradi一

Tablel Mean,troughandpeak%HR,e、duringtwosessionsoftheunderwaterexercise.HR,estwasdefinedastheminimumHRvalue

duringpre-exerciserest(19).%HRreser。,(%HR,es)=(HR。x,,ci、,-HRre、t)/(HRm。x-HR,est)×100.HRmax=220-age(yrs).

HRrest(bpm)
%HRre、duringAquatrim(%) %HRresduringAquaaerobics(%)
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Table2 ComparisonofPSGsleepvariablesbetweentheunderwaterexercisenightandthecontrolnight(n=6,TIB:timeinbed,SPT:sleeppe-

riodtime,TST:totalsleeptime,SOL:sleeponsetlatency,MT:movementtime,WASO:waketimeaftersleeponset,sleepdistUrbance:

WASOandstagelcombined,SWS:slowwavesleep,HR:meanheartrateduringTIB.)

Controlnight Underwaterexercisenight

Sleepvarial)les Unit Mean SD Mean SD tvalue t-testresults

Bedtime

(1)TIB
(2)SPT
(3)TST

(4)SleepEfficiency
(5)SOL
(6)MT

(7)WASO
(8)SleepDisturbance

(9)StageW
Stagel
Stage2
Stage3
Stage4
StageREM

(10)SWS
(11)HR

hours(SD;min)

min

min

min

%

min

min

min

min

min

min

min

min

min

min

min

beats・min-1

2408

455.8

437.3

428.6

94.0

17.8

3.3

8.8

17.3

5.4

8.5

184.3

36.3

44.9

127.5

81.2

51.7

7
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9
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2

9
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0
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4
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8

8
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5
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4

2

2

2

2

1

2

2

3
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94.7

16.8

3.1
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10.8

1.8
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189.3

41.8

45.7

122.8

87。5
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9

7

5

3

8

8

9

0

2

1
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3

3

2

4

5

2

2

1

7

1

1

1

0

1

8

6

4

9

6

7

4

5

5

5

1

1

2

2

2

3

9

5

1

1

5

0

9

6

5

3

3

8

3

0

6

7

8

6

7

2

2

6

2

6

5

6

8

0

1

5
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0

0

0

0

0

0

1

2

1

2

0

0

0

1

1

1

n.S.

n.S.

n.S.

n.S.

n.S.

n.S.

P<0.10

p=0.03

P<0.10

p=0.03

n.S.

n.S.

n.S.

n.S.

n.S.

n.S.

n.s.=notsignificant

tionalphysiologicalaspects,butalsotheuniquebenefits

andpsychologicalaspectsofUWErequireconsideration.

AlmostallpreviousstUdiesexaminedtheeffectsofexer-

ciseonsleephavefbcusedonSWSinparticular,which

mightberelatedtorecoveryfromfatigue,restorativeproc-

essesorenergybuild-up(3,29,30).AlthoughSWSappear-

anceislikelyfacilitatedbybodyandbrainheatingdueto

highintensityorlongsustainedexercise(11,15),thereare

manystudiesinwhichsleepdisturbancewasobservedaf」

terhighintensityexercise(3,6,7,17,28,30)。AsBuguetet

al(3)suggested,strongstressmaydisturbnoctumalsleep

inadaywhentheexerciseloadistooheavyfbranindivid-

ual.Insomestudies,anelevatedexcretionlevelofthe

stresshomlone,suchascatecholamine(28)orcortisol

(17),wasobservedinsubjectswhosesleephadbeendis-

turbed.Bunnelletal(4)alsoreportedsignificantelevation

ofnorepinephrineexcretionand/orHRandcardiacouΦut

duringsleepa負erexhaustiveexercise.Furthermore,

Ybungstedtetal(30)fbundthatWASOtimeextendedin

noctumalsleepfbllowingexerciseinwhichhigherbody

heatingwasinduced.Theseresultsindicatethatstressreac-

tionsagainstanexhaustiveexerciseinthedaytimecontin-

uedevenduringnoctumalsleep.Inthisstudy,theresults

of%HR,e、indicatethattheintensityofUWEislowtomod-

erate,soitisunlikelythatthesubjectsexperiencedex-

tremestress.Furthermore,weshouldbefbcusingonthe

largeindividualdifferencesobservedinthe%HRre、data.

Thesedifferencesmaybedue,notonlytovaryingindivid-

Ualfitnesslevels,bUtalSOtOWaterviSCOSity.ItiSknOWn

thatfastermovementscreatemoreresistanceinwaterand

streamlinedmovementslessinwaterbecauseofitsviscos一

ity.Itistherefbrelikelythatsubjectsunconsciouslyopted

tomoveaccordingtotheirfitnesslevelinthewateLThey

mighthavea"comfortablefatigue"asaresultofaflexible

exerciseload.Sofar,weinferthatrecoveryagainstmoder-

atephysicalactivationfacilitatesthesleepcontinuity.

SincewedidnotrecordtheintermediateHRbetween

UWEandsleep,itisunclearhowphysicalactivationcon-

tinuea丘erUWE.However,wecouldnotfindsigni且cant

differencesbetweenthemeanHRoneithercontrolor

UWEnight,sothelowlevelofphysiologicalarousala丘er 　
UWEmightnotdisturbthesleepcontinuityonthenight

followingUWE.

Anothers加dyfbundthatthenumberofMT(sleepdis-

mptions)duringsleepwassignificantlyhigheronthenight

afterexhaustiveexercisethanonthecontrolnight(27).It

issupposedthatMTmightincreasebymusclefatigueand

sorenessfbllowingthehightrainingload.Thereisthusa

secondexplanationinvolvingmusclefatigue.Untrained

peopleo負enfeelmusclepainafteracuteorstrongexer-

cise,andthisdiscomfortwilloftendisruptsleep(27).Rich-

ards(23)suggestedthatthispaincouldincreasesleep

latencyandincreasethenumberandlengthofmid-awaken-

ings.However,inthecaseofexerciseinwater,buoyancy

mayreducetheloadonthelowerlimbsandviscositymay

supPressintensityofmovementandactivatealmostallim一

卑ersedbodymuscles(10,24).Thesefindingsindicatethat

musclepainorfatigueduringUWEmightbelowtomoder-

ate.Ontheotherhand,itislikelythatimmersioninwater

mightbeusefUIinrecoveringfromfatigueorrelaxingmus-

cles.Nakamuraetal(18)reportedthatatepidwater(30℃)

bathresultedinagreaterremovalofbloodlactateaftersub一
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maximalexercise.Richards(23)suggestedthatmusclere-
laxationwaseffectivefbrpromotingsleep.ThesestUdies

indicatethatmoderatemusclefatigueandrelaxation
causedbyUWEinthermoneutralwaterhaveapossibility

toimprovethesleepcontinuity.
Sinceitisreportedthatsubjectsdisruptedfrequently

theirsleepbynoiseshowedlowerperformanceandmore

sleepinessonthefbllowingdaytimeascompared'with
thoseofnormaldays(25),ashortertimeofsleepdisrup-

tionsobservedontheUWEnightmustincreasetheirqual-
ityoflife.TheeffectsdetectedontheUWEnightare

thoughtmoreusefUIfbrpeoplewithsleepdisordersthan
subjectswhodidnotmanifestanysleepdisorders.

Atlast,wewishtoemphasizethepsychological
causesofsleepimprovement.Asdescribedintheintroduc-

tion,negativemoodssuchasanxietyand/ordepression
mayalsodisturbsleep(13,14).Inourpreviousstudy(19),

thedecreasesinmoodscoresofanxietyanddepression

wereobservedimmediatelyfollowingUWE.Thismood
changemaybeacquirednotonlythroughthetypical

mechanismofphysicalactivity,butalsbthroughtheemo-
tionalenjoymentofUWE.Itisunclearwhetherthismood

improvementcontinuesduringsleep.However,Raglinet

al(21)showedthatanti-anxietyeffectsweresustainedfbr
alongerperiodfbllowingexercise,andmightsupportthe

contentionthatbettermoodcontinuedduringtheevening
andintothesleepperiod.Thesedatasupportthehypothe-

sisthattheimprovementinsleepcontinuityafterUWEre-
flectsthebenefitsofmoodimprovement.

Inconclusion,weobservedasignificantimprovement
insleepcontinuityafterrecreationalUWE.Wehavedis-

cussedvariouspossiblemechanismsfbrthiseffect,butthe
causesremainunclearTheymaybeclarifiedbyadditional

researchemployingtraditionalandbrand-newphysiologi-
calapProaches,includingtheideathatchangesinbody

temperaturerelatetosleepquality.AlthoughthisstUdyfo-
cusesonuntrainedyoungmaleadults,weshouldexamine

whetherthebenefitsobservedherecanalsoapplytopeo-

plewithalowerfitnesslevel,toolderadults,ortopeople
whoareunabletoparticipateintraditionalwalkingorlow-
impactaerobicprogramsonlandduetotheirphysicallimi-

tatlons.
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