


andhigherdopamineturnoverratein theposteriorputamenatbaseline[10]. Amongthese
risk factors,high levodopadoseisoneof themostcommonlyreported;however,therewasno
establishedmethodfor assessinglevodopadosewhichisusuallyincreasedduring long-term
therapy.In previousstudies,levodopadosehasbeendefinedastheinitial dose[1, 4], cumula-
tivedose[8], or doseatLID onset/lastdosein LID-freepatients[6, 7]. However,thelevodopa
doseusuallyincreaseswith diseaseprogressionin generalpracticeandclinical trials [3, 11],
andtherateof doseincreasevariesamongpatients.

Resultsfrom clinical trialsconsistentlyshowedthatparkinsonianmotor symptoms
improvedwithin 6 to 9 monthsfrom theinitiation of medicationandthenprogressedagain
with aconstantrate[2, 3,12,13].Similarto clinical trials,observationalstudieshavealso
shownthat theinitial drugdoseis titratedwithin 6 to 12monthsfrom theinitiation of medica-
tion [1, 4,14],andtherateof subsequentdoseincreasesissimilar for manyyears[14]. There-
fore,assessinglevodopadoseusinginitial titration doseandrateof doseincreasecanhelp
analyzingthelongitudinaleffectof levodopadoseon developmentof LID.

In thisstudy,wecollectedlongitudinaldataon levodopadosefrom patientswith PDwho
experiencedLID during medicaltherapy,andweexploredtherelationshipbetweenlevodopa
doseandtime to developmentof LID.

Materials and methods

Subjects

Wereviewedmedicalrecordsfrom 4referralhospitalsin SouthKorea(Wonju Severance
ChristianHospital,BundangJesaengGeneralHospital,SeveranceHospital,DongtanSacred
HeartHospital,andSeveranceHospital)betweenMarch2007andOctober2018andselected
dataof PDpatientswhoexperiencedLID. PDwasdiagnosedaccordingto theclinicalcriteria
of UK PDbrain bank[15], andpatientswhoshowedatypicalfeatureslistedin step2of thecri-
teriaduring treatmentperiodwereexcludedfrom thestudy.Patientswhohadbeentreated
with dopaminergicdrugsor dopaminereceptorblockingagentsbeforevisitingour hospitals
werealsoexcluded.Amongthem,weselectedpatientswhoinitiatedmedicaltreatmentwith
levodopa.Patientswhotook dopamineagonistor monoamineoxidaseB(MAO-B) inhibitor
prior to levodopainitiation, adopamine-receptorblockingagentduring treatmentperiod,or
amantadinebeforedevelopmentof LID werealsoexcluded.Patientswith impulsecontrol dis-
orders,psychosis,or dementiawerenot includedbecausetheseconditionsmayaffectdrug
dose.

LID wasassessedbasedon medicalrecord.For regularmanagementfor PD,patientsusu-
allyhavebeenvisitingoutpatientclinic of 5expertsin movementdisorders(J.Y.H.,M.K.S.,S.
Y.K.,Y.H.S.,andP.H.L.)every2±3months.WhenpatientreportedsymptomsuggestingLID
or dyskineticmovementwasobservedin theclinic, cliniciansrecordedtheinformation for
LID. Theonsetof LID wasdefinedas1) thefirst daythatLID wasobservedbyclinician
whenpatientdid not perceivetheir dyskinesia,2) thedayindicatedbypatientwhenLID was
observedbyclinicianandthepatientrememberedthedaythatLID hadbegun.Patientswho
skippedvisit morethan6monthswereexcludedfrom thestudy.Becauseshortlatencyto
onsetof LID maymakerateof doseincreaseoverestimated,patientswhoLID developed
within 2 yearsfrom levodopainitiation wereexcluded.

Subjectsweregroupedaccordingto time to developmentof LID from initiation of levo-
dopa:E(Early,2years< time to LID onset� 4years),M (Middle, 4 years< time to LID
onset� 6years),L (Late,6years< time to LID onset).
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Motor symptomswereassessedusingUnified PDRatingScale(UPDRS)motor score(part
III) andmodifiedHoehnandYahrstage,andthescoresratedatde novo statuswereusedin
thisstudy.

Ethics statement

Thestudyprotocolwasapprovedby theInstitutional ReviewBoard(IRB)of theWonju Sever-
anceChristianHospital(approvalnumber:2018-10-0007),andthestudywasconducted
accordingto theDeclarationof Helsinki.Therequirementfor written informedconsentwas
exemptedby theIRBandlocalregulationdueto theretrospectivedesign.

Drug dose

Patientstook equaldoseof levodopathreetimesaday,andthetreatmentwasusuallyinitiated
with 50mgof levodopathreetimesaday.Whendoseincreasewasneeded,thesingledosewas
usuallyincreasedby50mg(150mgaday).Datafor thedoseof antiparkinsoniandrugsat6
months,1 year,andeveryyearafterthat from initiation of levodopawerecollectedfrom pre-
scriptionrecords.Thelevodopa-equivalentdose(LED) wascalculatedaccordingto apub-
lishedformulation [16].

To reflectchangeof drugdoseoverdiseaseprogression,thedrugdosewasassessedasinitial
titration doseandrateof doseincrease.Initial titration dosewasdefinedasthedailydoseof
levodopaat6monthsfrom theinitiation of medication[14], andtherateof doseincreasewas
calculatedasfollowing:{(drug doseatonsetof LID)±(drug doseat6 months[initial titration
dose])}/ {(yearsatonsetof LID)±(0.5year)}.Initial titration doseandrateof doseincreasefor
LEDwerecalculatedwith samemethod.

Statistical analyses

Analysisof variance(ANOVA) andchi-squaretestwereusedto comparegroups,andpost hoc
analyseswereconductedwith Bonferroni'smethod.Factorsassociatedwith time to LID onset
wereexploredusingPearson'scorrelationandmultivariablelinearregressionmodelswith
stepwiseselectionmethod.Becausedatafor UPDRSmotor scoreof 61patientsweremissed,
linearregressionanalyseswereconductedwith datafrom 89patients.Statisticalanalyseswere
performedwith SPSSStatistics23(IBM SPSS,Armonk, NY, USA),andp<0.05wasconsidered
significant.GraphicillustrationswereobtainedusingGraphPadPrismversion7.02for Win-
dows(GraphPadSoftware,LaJolla,CA,USA).

Results

Demographic and clinical characteristics

Accordingto theinclusionandexclusioncriteriaof thisstudy,atotalof 150patientswerecol-
lectedfor thisstudy(58for E,51for M, and41for L group).Demographicandclinicalcharac-
teristicsof studysubjectsarepresentedin Table1.Sex,ageatPDonset,ageat initiation of
levodopatherapy,andtime betweenPDonsetandinitiation of levodopatherapydid not differ
significantlyamonggroups.UPDRSmotor scoreat levodopainitiation werehigherin E(29.2
vs.22.1,post hoc p = 0.029)thanL group,howevermodifiedHoehnandYahrstagewasnot
differentamonggroups.

Drug dose

ThemeanlevodopadoseandLEDovertime accordingto thegroupsareshownin Fig1,and
datafor initial titration doseandrateof doseincreasearepresentedin Table1.Initial titration
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doseof levodopaandLEDweresimilaramonggroups.Therateof levodopaincreasewas
higherin EgroupthanL group(69.9vs.41.5mg/day/year,post hoc p = 0.034),andrateof LED
increasewashigherin EgroupthanbothM (113.8vs.75.8mg/day/year,post hoc p = 0.019)
andL groups(113.8vs.63.3mg/day/year,post hoc p = 0.002).BothlevodopadoseandLEDat
onsetof LID werenot significantlydifferentamonggroups.Thefrequencyof useof otheranti-
parkinsoniandrugsotherthanlevodopaatonsetof LID did not differ amonggroups.

Risk factor for early LID

Pearson'scorrelationanalysis(Fig2) revealedthat time to onsetof LID wascorrelatedwith
initial titration doseof levodopa(r = -0.17,p = 0.043),rateof doseincreasefor levodopa(r =
-0.21,p = 0.009)andLED(r = -0.29,p<0.001),UPDRSmotor score(r = -0.31,p = 0.003),and
modifiedHoehnandYahrstage(r = -0.22,p = 0.033).Initial titration doseof LEDtendedto
correlatewith time to onsetof LID (r = -0.15,p = 0.066).However,time to onsetof LID was
not associatedwith ageatonsetof PD,ageat levodopainitiation, time betweenPDonsetand
initiation of levodopatherapy,sexdifference,anduseof dopamineagonist,MAO-B inhibitor,
entacapone,or anticholinergics.

Multivariablelinearregressionmodelsfor levodopadose(F = 7.204,p<0.001,R2 = 0.203)
exhibitsthat femalesex(β = -0.846,p = 0.028),higherrateof levodopaincrease(β = -0.010,
p = 0.004),andhigherUPDRSmotor scoreatbaseline(β = -0.054,p = 0.003)wereassociated
with earlyonsetof LID (Table2).Linearregressionmodelfor LED(F = 9.716,p<0.001,
R2 = 0.255)alsofound that femalesex(β = -0.831,p = 0.024),higherrateof LEDincrease

Table 1. Demographic and clinical characteristics of subjects and drug dose.

Total (n = 150) E (n = 58) M (n = 51) L (n = 41) p-value Intergroup comparison

Female,n (%) 94(62.7) 40(69.0) 29(56.9) 25(61.0) 0.413

AgeatPDonset,year 63.9± 8.7 62.9± 8.9 64.0± 8.4 65.1± 8.6 0.469

Ageat levodopainitiation, year 65.3± 8.4 64.4± 8.6 65.4± 8.2 66.5± 8.6 0.470

PD onsetto levodopainitiation, year 1.4± 1.2 1.5± 1.2 1.4± 1.1 1.4± 1.4 0.842

UPDRSmotor scorea 27.2± 10.0 29.2± 8.5 27.7± 11.9 22.1± 8.5 0.033 E>L

Modified Hoehn& Yahrstageb 2.2± 0.5 2.2± 0.5 2.1± 0.5 2.0± 0.3 0.283

Levodopadose

Initial titration dose(at 6 months) 383.3± 140.9 406.9± 161.1 382.6± 133.2 350.6± 113.5 0.147

Rateof increase, mg/day/year 54.1± 55.5 69.9± 70.6 46.1± 45.7 41.5± 33.9 0.019 E>L

DoseatLID onset,mg/day 596.7± 220.6 578.0± 226.0 583.8± 190.1 639.0± 246.5 0.353

Levodopa-equivalentdose

Initial titration dose(at 6 months) 505.5± 154.7 518.6± 168.9 517.8± 148.4 460.9± 135.9 0.129

Rateof increase, mg/day/year 87.1± 74.2 113.8± 91.6 75.8± 63.5 63.3± 41.2 0.001 E>M,E>L

DoseatLID onset,mg/day 841.3± 258.4 797.6± 262.1 848.3± 253.4 894.4± 254.7 0.181

Drug useatLID onset,n (%)

Dopamineagonists 119(79.3) 41(70.7) 45(88.2) 33(80.5) 0.076

MAO-B inhibitors 44(29.3) 14(24.1) 17(33.3) 13(31.7) 0.532

Entacapone 60(40.0) 20(34.5) 19(37.3) 21(51.2) 0.218

Anticholinergics 19(12.7) 8 (13.8) 7 (13.7) 4 (9.8) 0.806

PD,Parkinson'sdisease;UPDRS,Unified PDratingscale;LID, levodopa-induceddyskinesia;MAO-B, monoamineoxidaseB.
a Dataof 89patients(41for E,29for M, and19for L group)existed.
b Dataof 92patients(42for E,29for M, and21for L group)existed.

https://doi.org/10.1371/journal.pone.0237472.t001
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(β = -0.009,p<0.001),higherUPDRSmotor scoreatbaseline(β = -0.053,p = 0.003)wereasso-
ciatedwith earlyonsetof LID.

Discussion

Thepresentstudywasconductedwith arelativelylargenumberof patientswith LID and
exploredtheeffectof longitudinalchangesin levodopadoseor LEDon time to onsetof LID.
Theresultsdemonstratedthathigherrateof doseincreaseof dopaminergicdrugsweresignifi-
cantlyassociatedwith theearlyonsetof LID.

PatientswhodevelopedLID earlyhadmoreseveremotor symptomsat initiation of levo-
dopatherapythandid patientswith lateonsetof LID, asin previousstudies[7±9].Functional
neuroimagingstudiesalsodemonstratedthat lowerdopaminergicactivityin denovopatients
predictsearlyLID onset[6, 9,10,17].Theassociationbetweenearlyonsetof LID andhigher
initial levodopadosewasalsoobservedin previousstudies.Themeanlevodopadoseoverthe
first 6 months[1] andmaintenancedoseof levodopawithin thefirst year[4] werepredictors
of earlyonsetof LID. Giventhatmotor symptomsandinitial doseof dopaminergicdrugmay
reflecttheseverityof motor symptomsatdiagnosis,thesefindingsagreewith previousreports
suggestingthatmoreseveredopaminergicdenervationwhenbeginningtreatmentisarisk fac-
tor for LID [1, 4]. In thepresentstudy,initial titration doseof levodopaor LEDshowedsignifi-
cantnegativecorrelationwith time to onsetof LID, howeverthefinal regressionmodels

Fig 1. Levodopa and levodopa equivalent dose. Levodopa(a)andlevodopaequivalentdose(b) of eachsubjects. Leftandright endsof eachlight line
indicateinitial titration doseanddoseatonsetof LID of eachsubject,respectively.Themeandosesof subjectgroupsareexpressedasheavylines.

https://doi.org/10.1371/journal.pone.0237472.g001
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includedUPDRSmotor scoreatbaselineinsteadof initial titration dose.This impliesthat ini-
tial titration dosedoesnot actasanindependentrisk factorfor earlyonsetof LID, but just
reflectstheseverityof motor symptomat initiation of levodopatherapy.

Thepresentdatademonstratedthat therateof increasein levodopadoseor LEDduring
treatmentisasignificantpredictorof earlyonsetof LID. Generally,physiciansincreasethedrug
dosewhenthemotor symptomsgetworse,whichmeansthat therateof doseincreasemay
reflectdiseaseprogression.A recentstudyusingserialSPECTimagingdataalsodemonstrated

Fig 2. Time to onset of levodopa-induced dyskinesia and drug dose. Correlationbetweentime to onsetof levodopa-induceddyskinesia(LID)
andinitial titrating levodopadose(a),time to LID andinitial titrating levodopa-equivalentdose(b), time to LID andrateof increasein levodopa
dose(c),andtime to LID andrateof increasein levodopa-equivalentdose(d).

https://doi.org/10.1371/journal.pone.0237472.g002
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morerapiddecreaseon putaminaldopaminetransporteractivityin patientswith LID com-
paredwith patientswithout LID [9]. Therefore,thepresentresultssupportsthatrapiddegenera-
tion of thedopaminergicsystemisassociatedwith earlyonsetLID.

ThelevodopadoseandLEDatonsetof LID of individual patientvaried,howeverthemean
doseatonsetof LID amongpatientsgroupswerenot different.Thissuggeststhat reachingpar-
ticular levelof levodopadosemaybeassociatedwith onsetof LID. Bothhigherinitial titration
doseandrapiddoseincreaseshortenthetime to reachapatient-specificdrug thresholdwhere
theLID develops.Howeverthepresentresultscannotdeterminewhichis relatedwith the
earlyonsetof LID, theseverityof dopaminergicdeficitor higherlevodopadose.No clinical tri-
alswith afixeddoseof levodopafor severalyearshavebeenconducted,thereforeit isunclear
that levodopadoseis theindependentrisk factorfor earlyonsetof LID regardlessof severityof
dopaminergicdenervation.On theotherhand,severalpreviousstudieshaveshownthatasin-
gleadministrationof overdosedlevodopaalsoinducespeak-dosedyskinesiain patientswith
advancedPDwhohaveneverexperiencedLID before[18,19],whichsuggeststhat long-term
exposureto levodopaisnot aprerequisitefor developmentof LID in somepatients.Therefore,
further studieswith moreevidencearerequiredto clarifywhetherdopaminergicdrug truly
inducesLID or simplyactsasatriggerfor onset.

Severallimitationsof thisstudyneedto beaddressed.Drawingconcreteconclusionsfrom
thisstudyisdifficult becauseof its retrospectivedesignwithout randomizedallocationof drug
use.Manyfactorscaninfluencephysicianchoiceof drugdose,suchaspatientage,drugcom-
pliance,cognitivestatus,psychiatricsymptoms,andadverseevents.Finally,patientswhoexpe-
riencedLID within 2 yearsfrom levodopainitiation wereexcludeddueto thestudydesign,
thereforeit isunclearthat thestudyfindingsarevalid in patientswith veryearlyLID.

In conclusion,presentstudydemonstratedthat rapiddoseincreaseof dopaminergicdrug
isassociatedwith earlyonsetof LID. However,further studiesarerequiredto revealwhich is
thedeterminantof onsetof LID, severityof thediseaseor doseof dopaminergicdrug.
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