


PLOS ONE

Rapid drug increase and levodopa-induced dyskinesia

KoreagovernmenfMSIT)(grantnumber
2017R1C18076522)Thefunderhadnorolein
studydesigndatacollectiorandanalysisdecision
to publish,or preparatiorf themanuscript.

Competingnterests Theauthorshavedeclared
thatno competingnterestsexist.

andhigherdopamineturnoverratein the posteriorputamenat baselind10]. Amongthese
risk factors high levodopadoseis oneof the mostcommonlyreported;howevertherewasno
establishednethodfor assessinlgvodopadosewhichis usuallyincreasediuring long-term
therapy.In previousstudies)evodopadosehasbeendefinedastheinitial dose[1, 4], cumula-
tive dose[8], or doseatLID onset/lastdosein LID-free patients[6, 7]. However thelevodopa
doseusuallyincreasesvith diseas@rogressionin generapracticeandclinicaltrials[3, 11],
andtherateof doseincreasevariesamongpatients.

Resultfrom clinicaltrials consistentlyshowedhat parkinsonianmotor symptoms
improvedwithin 6to 9 monthsfrom theinitiation of medicationandthenprogresse@gain
with aconstantrate[2, 3,12,13]. Similarto clinicaltrials, observationastudieshavealso
shownthattheinitial drug doseis titrated within 6 to 12monthsfrom theinitiation of medica-
tion [1, 4,14],andtherateof subsequentoseincreasess similar for manyyearq14]. There-
fore,assessinlgvodopadoseusinginitial titration doseandrateof doseincreaseanhelp
analyzinghhe longitudinal effectof levodopadoseon developmenof LID.

In this study,we collectedongitudinal dataon levodopadosefrom patientswith PD who
experienced.ID during medicaltherapy andweexploredthe relationshipbetweerievodopa
doseandtime to developmenbf LID.

Materials and methods
Subjects

Wereviewedmedicalrecordsfrom 4 referralhospitalsn SouthKorea(Wonju Severance
ChristianHospital,Bundanglesaen@eneraHospital,Severancelospital,DongtanSacred
HeartHospital,and Severancklospital) betweerMarch 2007and October2018andselected
dataof PD patientswho experienced.ID. PD wasdiagnoseaccordingto the clinical criteria
of UK PD brain bank[15], and patientswho showedatypicalfeaturedistedin step2 of the cri-
teriaduring treatmentperiodwereexcludedrom the study.Patientsvho hadbeentreated
with dopaminergiadrugsor dopaminereceptorblockingagentdbeforevisiting our hospitals
werealsoexcluded Amongthem,weselectegatientswho initiated medicaltreatmentwith
levodopaPatientsvho took dopamineagonistor monoamineoxidaseB (MAO-B) inhibitor
prior to levodopanitiation, adopamine-receptoblockingagentduring treatmentperiod,or
amantadinebeforedevelopmenbf LID werealsoexcludedPatientswith impulsecontrol dis-
orders,psychosispr dementiawerenot includedbecaus¢heseconditionsmayaffectdrug
dose.

LID wasassessdohsedn medicalrecord.Forregularmanagementor PD, patientsusu-
ally havebeenvisiting outpatientclinic of 5 expertdn movementisorders(J.Y.H.M.K.S.,S.
Y.K.,Y.H.S.andP.H.L.)every2+3months.When patientreportedsymptomsuggestind.ID
or dyskineticmovementwasobservedn theclinic, cliniciansrecordedthe information for
LID. Theonsetof LID wasdefinedasl) thefirst daythatLID wasobservedy clinician
whenpatientdid not perceiveheir dyskinesia?) the dayindicatedby patientwhenLID was
observedy clinician andthe patientrememberedhe daythat LID hadbegun.Patientsvho
skippedvisit morethan 6 monthswereexcludedrom the study.Becausshortlatencyto
onsetof LID maymakerateof doseincreaseverestimatedpatientswho LID developed
within 2 yeardrom levodopanitiation wereexcluded.

Subjectsveregroupedaccordingto time to developmentf LID from initiation of levo-
dopa:E (Early,2 years< timeto LID onset< 4years)M (Middle, 4 years< time to LID
onset< 6years)L (Late,6 years< timeto LID onset).
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Motor symptomswereassessaasingUnified PD RatingScald UPDRS)motor score(part
I1I) andmodifiedHoehnandYahrstageandthe scoresatedatde novo statuswereusedin
this study.

Ethics statement

Thestudyprotocolwasapprovedy the Institutional ReviewBoard(IRB) of the Wonju Sever-
anceChristianHospital (approvalnumber:2018-10-0007gndthe studywasconducted
accordingto the Declarationof Helsinki. Therequirementfor written informed consentwas
exemptedy theIRB andlocalregulationdueto theretrospectivalesign.

Drug dose

Patientdook equaldoseof levodopahreetimesaday,andthe treatmentwasusuallyinitiated
with 50mgof levodopéahreetimesaday.Whendoseincreasavasneededthe singledosewas
usuallyincreasedy 50mg(150mgaday).Datafor the doseof antiparkinsoniandrugsat 6
months,1 year,andeveryyearafterthatfrom initiation of levodopaverecollectedrom pre-
scriptionrecords.Thelevodopa-equivalerdose(LED) wascalculatedaccordingto apub-
lishedformulation[16].

To reflectchangeof drug doseoverdiseas@rogressionthe drug dosewasassesseasinitial
titration doseandrateof doseincreaselnitial titration dosewasdefinedasthe daily doseof
levodopaat 6 monthsfrom theinitiation of medication[14], andtherateof doseincreasevas
calculatedasfollowing:{(drug doseat onsetof LID)+(drug doseat 6 monthsJinitial titration
dose])¥ {(yearsatonsetof LID)£(0.5year)}.Initial titration doseandrateof doseincreasdor
LED werecalculatedvith samemethod.

Statistical analyses

Analysisof variancelANOVA) andchi-squardestwereusedto comparegroups,andpost hoc
analysesvereconductedwith Bonferroni'smethod.Factorsassociatedith timeto LID onset
wereexploredusingPearson'sorrelationand multivariablelinear regressionmodelswith
stepwiseselectiormethod.Becauseéatafor UPDRSmotor scoreof 61 patientsweremissed,
linearregressioranalysesvereconductedwith datafrom 89patients Statisticahnalysesvere
performedwith SPSStatistic23(IBM SPSSArmonk, NY, USA),andp<0.05wasconsidered
significant.GraphicillustrationswereobtainedusingGraphPadPrismversion7.02for Win-
dows(GraphPadsSoftwarel.aJolla,CA, USA).

Results
Demographic and clinical characteristics

Accordingto theinclusionandexclusiorcriteria of this study,atotal of 150patientswerecol-
lectedfor this study(58for E,51for M, and41for L group).Demographicandclinical charac-
teristicsof studysubjectarepresentedn Tablel.Sexageat PD onsetageatinitiation of
levodopaherapy andtime betweerPD onsetandinitiation of levodopaherapydid not differ
significantlyamonggroups.UPDRSmotor scoreatlevodopanitiation werehigherin E (29.2
vs.22.1post hoc p = 0.029)than L group,howevemodified Hoehnand Yahr stagevasnot
differentamonggroups.

Drug dose

Themeanlevodopadoseand LED overtime accordingto the groupsareshownin Fig1,and
datafor initial titration doseandrateof doseincreasarepresentedn Tablel. Initial titration
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Table 1. Demographic and clinical characteristics of subjects and drug dose.

Femalen (%)

AgeatPD onsetyear
Ageatlevodopanitiation, year
PD onsetto levodopanitiation, year
UPDRSmotor score®

Modified Hoehn& Yahrstage®
Levodopalose

Initial titration dose(at 6 months)
Rateof increasemg/day/yea
DoseatLID onsetmg/day
Levodopa-egvalentdose

Initial titration dose(at 6 months)
Rateof increasemg/day/yea
DoseatLID onsetmg/day

Drug useatLID onsetn (%)
Dopamineagoniss

MAO-B inhibitors

Entacapone

Anticholinergics

Total (n = 150)
94(62.7)
63.9+ 8.7
65.3+ 8.4
1.4+1.2
27.2+10.0
2.2+05

383.3+ 140.9
54.1+55.5
596.7+ 220.6

505.5+ 154.7
87.1+74.2
841.3+ 258.4

119(79.3)
44(29.3)
60(40.0)
19(12.7)

E (n=58)
40(69.0)
62.9+ 8.9
64.4+ 8.6
1.5+1.2

29.2+ 8.5
2.2+05

406.9+ 161.1
69.9+ 70.6
578.0+ 226.0

518.6+ 168.9
113.8+91.6
797.6+ 262.1

41(70.7)
14(24.1)
20(34.5)
8(13.8)

M (n=51)
29(56.9)
64.0+ 8.4
65.4+ 8.2
1.4+1.1
27.7+11.9
2.1+ 0.5

382.6+ 133.2
46.1+ 45.7
583.8+ 190.1

517.8+148.4
75.8+ 63.5
848.3+ 253.4

45(88.2)
17(33.3)
19(37.3)
7(13.7)

L(n=41)
25(61.0)
65.1+ 8.6
66.5+ 8.6
14+1.4

22.1+8.5
2.0+0.3

350.6+ 113.5
41.5+33.9
639.0+ 246.5

460.9+ 135.9
63.3+41.2
894.4+ 254.7

33(80.5)
13(31.7)
21(51.2)
4(9.8)

p-value
0.413
0.469
0.470
0.842
0.033
0.283

0.147
0.019
0.353

0.129
0.001
0.181

0.076
0.532
0.218
0.806

PD, Parkinsa's disease;JPDRS Unified PDrating scaleLID, levodopa-indeeddyskineia;MAO-B, monoamne oxidaseB.
2 Dataof 89 patients(41for E,29for M, and 19for L group)existed.
b Dataof 92 patients(42for E, 29for M, and 21 for L group)existed.

https://da.org/10.1371¢urnal.pon®237472.t001

Intergroup comparison

E>L

E>L

E>M,E>L

doseof levodopaand LED weresimilaramonggroups.Therateof levodopancreaseavas
higherin EgroupthanL group(69.9vs.41.5mg/day/yearpost hoc p = 0.034) andrateof LED
increasevashigherin Egroupthanboth M (113.8vs.75.8mg/day/yearpost hoc p = 0.019)
andL groups(113.8vs.63.3mg/day/yearpost hoc p = 0.002) Bothlevodopadoseand LED at
onsetof LID werenot significantlydifferentamonggroups.Thefrequencyof useof otheranti-
parkinsoniandrugsotherthanlevodopaat onsetof LID did not differ amonggroups.

Risk factor for early LID

Pearson'sorrelationanalysigFig 2) revealedhattime to onsetof LID wascorrelatedwith
initial titration doseof levodopa(r =-0.17,p = 0.043)rateof doseincreasdor levodopa(r =
-0.21,p=0.009)andLED (r = -0.29,p<0.001) UPDRSmotor score(r =-0.31,p = 0.003)and
modifiedHoehnandYahrstaggr = -0.22,p = 0.033)Initial titration doseof LED tendedto
correlatewith time to onsetof LID (r = -0.15,p = 0.066) However time to onsetof LID was
not associatedith ageat onsetof PD, ageatlevodopanitiation, time betweerPD onsetand
initiation of levodopaherapy sexdifference and useof dopamineagonistMAO-B inhibitor,
entacaponeyr anticholinergics.
Multivariablelinear regressiomodelsfor levodopadose(F = 7.204p<0.001R? = 0.203)
exhibitsthatfemalesex(p = -0.846p = 0.028) higherrate of levodopancreasd = -0.010,
p = 0.004) and higherUPDRSmotor scoreatbaselingp = -0.054 p = 0.003)wereassociated
with earlyonsetof LID (Table2).Linearregressionmodelfor LED (F=9.716p<0.001,
R? = 0.255)alsofound that femalesex(p = -0.831p = 0.024) higherrateof LED increase
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(B =-0.009p<0.001)higherUPDRSmotor scoreatbaselingp = -0.053p = 0.003)wereasso-
ciatedwith earlyonsetof LID.

Discussion

The presentstudywasconductedwith arelativelylargenumberof patientswith LID and
exploredthe effectof longitudinalchangesn levodopadoseor LED on time to onsetof LID.
Theresultsdemonstratedhat higherrate of doseincreasef dopaminergiadrugsweresignifi-
cantlyassociategith the earlyonsetof LID.

Patientavhodeveloped.ID earlyhadmore severanotor symptomsatinitiation of levo-
dopatherapythandid patientswith lateonsetof LID, asin previousstudieg7+9]. Functional
neuroimagingstudiesalsodemonstratedhat lowerdopaminergicactivityin denovo patients
predictsearlyLID onset]6, 9,10,17]. Theassociatiobetweerearlyonsetof LID andhigher
initial levodopadosewasalsoobservedn previousstudiesThemeanlevodopadoseoverthe
first 6 months[1] andmaintenanceloseof levodopawithin thefirst year[4] werepredictors
of earlyonsetof LID. Giventhat motor symptomsandinitial doseof dopaminergicdrug may
reflectthe severityof motor symptomsat diagnosisthesefindingsagreewith previousreports
suggestinghat more severalopaminergiadenervatiorwhenbeginningtreatmentis arisk fac-
tor for LID [1, 4]. In the presentstudy,initial titration doseof levodopaor LED showedsignifi-
cantnegativecorrelationwith time to onsetof LID, howevetthefinal regressionmodels
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Fig 2. Time to onset of levodopa-induced dyskinesia and drug dose. Correlationbetweertime to onsetof levodopa-indiceddyskinesigLID)
andinitial titrating levodopadose(a),timeto LID andinitial titrating levodopaequivalendose(b), timeto LID andrateof increasen levodopa
dose(c), andtime to LID andrateof increasen levodopaequivalendose(d).

https://da.org/10.1371durnal.pon®237472.g0D

includedUPDRSmotor scoreat baselingnsteadof initial titration dose.Thisimpliesthatini-
tial titration dosedoesnot actasanindependentisk factorfor earlyonsetof LID, but just
reflectshe severityof motor symptomatinitiation of levodopaherapy.
Thepresentatademonstratedhattherateof increasen levodopadoseor LED during
treatmentis asignificantpredictorof earlyonsetof LID. Generallyphysiciansncreasehe drug
dosewhenthe motor symptomsgetworse which meanghat the rateof doseincreasenay
reflectdiseas@rogressionA recentstudyusingserialSPECTimagingdataalsodemonstrated
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Table 2. Results of multiple linear regression analyses to predict time to levodopa-induced dyskinesia.

Factors

Female

Rateof doseincrease

UPDRSmotor scoreatlevodopanitiation

Levodopa * Levodopa-equivalent dose °

[ 95% CI p-value [ 95% CI p-value
-0.846 -1.599;0.093 0.028 -0.831 -1.552;0.111 0.024
-0.010 -0.017;-0.003 0.004 -0.009 -0.014-0.005 <0.001
-0.054 -0.090,0.019 0.003 -0.053 -0.087;-0.018 0.003

Cl, confidenial interval;UPDRS Unified Parkinsors DiseasdRatingScale.

8F=7.204p<0.001R?=0.203.
bF=09.716p<0.001R? = 0.255.

https://da.org/10.1371durnal.pon®237472.t002

morerapid decreasen putaminaldopaminetransporteractivityin patientswith LID com-
paredwith patientswithout LID [9]. Thereforethe presentesultssupportsthatrapid degenera-
tion of thedopaminergicsysterris associatewvith earlyonsetLID.

ThelevodopadoseandLED atonsetof LID of individual patientvaried,howeverthe mean
doseatonsetof LID amongpatientsgroupswerenot different. This suggestthat reachingpar-
ticular levelof levodopadosemaybeassociate@ith onsetof LID. Bothhigherinitial titration
doseandrapid doseincreaseshortenthetime to reacha patient-specifidrug thresholdwhere
theLID developsHoweverthe presentesultscannotdeterminewhichis relatedwith the
earlyonsetof LID, the severityof dopaminergiadeficitor higherlevodopadose No clinicaltri-
alswith afixed doseof levodopdor severayearshavebeenconductedthereforeit isunclear
thatlevodopadoseis theindependentisk factorfor earlyonsetof LID regardlessf severityof
dopaminergiaddenervationOn the otherhand,severapreviousstudieshaveshownthat asin-
gleadministrationof overdosedevodopaalsoinducespeak-doselyskinesian patientswith
advanced’D whohaveneverexperienced.ID before[18,19],which suggestthatlong-term
exposurdo levodopads not aprerequisitefor developmenof LID in somepatients.Therefore,
further studieswith more evidencearerequiredto clarify whetherdopaminergiadrug truly
inducesLID or simplyactsasatriggerfor onset.

Severalimitations of this studyneedto beaddressedrawing concreteconclusiongrom
this studyis difficult becausef its retrospectivalesignwithout randomizedallocationof drug
use Many factorscaninfluencephysicianchoiceof drug dose suchaspatientage drug com-
pliance cognitivestatuspsychiatricsymptomsandadverseventsFinally, patientswho expe-
riencedLID within 2 yeardrom levodopanitiation wereexcludeddueto the studydesign,
thereforeit is unclearthatthe studyfindingsarevalidin patientswith veryearlyLID.

In conclusion presentstudydemonstratedhat rapid doseincreaseof dopaminergiadrug
isassociatewvith earlyonsetof LID. However further studiesarerequiredto revealwhichis
the determinantof onsetof LID, severityof the diseaser doseof dopaminergiadrug.
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