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ABSTRACT

Parkinson’s disease (PD) is the second most neurodegenerative disease in the United States of
AmericaafterAlzheimer’sdisease.TheParkinson’sdiseasepatientsandscanswithoutevidencefor
dopaminergicdeficit(SWEDD)patientswillsharethesamesymptoms,andit’shardtodifferentiate
thePD,SWEDDpatients,andhealthycontrolsintheprogressionofPD.Inthisresearch,theauthors
classifiedPDpatients,SWEDDpatients,andhealthycontrolsbyconsideringmotorandnon-motor
biomarkers,namelyMDS-UPDRSpart1,SCOPAscore,andQUIP-RS,fromthePPMIdatabaseby
usingsupervisedandunsupervisedmachinelearningalgorithms,namelyKNN,logisticregression,
XGBooting,naiveBayes,decisiontree,randomforest,supportvectormachine,multilayerperceptron,
andK-meansclustering,respectively.Randomforestscored98%accuracyamongallthesealgorithms
andcanidentifyanddifferentiatePD,SWEDD,andhealthycontrolpatientsbymotorandnon-motor
biomarkers.
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INTRoDUCTIoN

Amongneurologicaldiseases,Parkinson’sdisease(PD)isthesecondmostcommondiseaseafter
Alzheimer’sdisease,anditaffectsaround1millionAmericans(Marrasetal.,2018).PDwasfirst
medicallydescribedasaneurologicalsyndromebyJamesParkinsonin1817asa“shakingpalsy.”It
isachronic,progressiveneurodegenerativediseasecharacterizedclinically,i.e.bothmotorandnon-
motorfeaturescharacterizedbyParkinsonismandwidespreadLewybodypathologyinthecentral
nervoussystem(CNS),peripheralnervoussystem(PNS),andautonomicnervoussystem(ANS).
Also,thelossofdopamine-releasingneuronsofsubstantianigraistheprimaryunderlyingpathology
ofPD.TheriskfactorsofPDaregenetic,environmentalfactors(Dicketal.,2007),age,andgender.
Attheageof60,peoplewhofallunderriskfactorsaremorepronetoPD(DeMaagd&Philip,2015).
Hallmarkmotorsymptomsofthisdiseaseincludemasklikefacialexpression,bradykinesia,resting
tremor, rigidity,and festinatinggait.Tremorsare involuntaryandoscillatory twitchingof limbs.
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Rigidityisthestiffnessinmovementscausedbyincreasedmuscletone,whichcanbepainful.The
slownessofmovement (bradykinesia) isanothercharacteristic featureofPD.Postural instability
leadstoimpairedbalanceandsuddenfalls.

Approximately10%ofpatientsclinicallydiagnosedwithearlyPDhavenormaldopaminergic
functional imaging called scans without evidence for dopaminergic deficit (SWEDD). SWEDD
alludestothenon-appearance,asopposedtothepresenceofanimaginganomalyinpatientsclinically
diagnosedtohavePD.ThetermSWEDDhassincebeengenerallyutilizedinclinicalwriting,even
asademonstrativemark.BothSWEDDandPDsharethesamemotorandnon-motorsymptoms,
anditischallengingtoidentifythepatientswithPDorSWEDD.So,itisessentialtoclassifythe
patientswithPDandSWEDD,toavoidunnecessarymedicalexaminationsandtherapiesandtheir
associatedfinancialcosts,sideeffects,andsafetyrisks.

ThePDbiomarkersareclassifiedintobiochemical,genetic,imaging,andclinical(Delenclos,
Jones,McLean,&Uitti,2016)(Emamzadeh&Surguchov,2018).Abiomarkerisdefinedasamarker
ofaspecificillnessstateoraspecificconditionofanorganicentity.Aboundarycanbeutilizedto
assesstheadvancementofinfectionortheimpactsoftreatment.Thebiochemicalbiomarkersshow
whichchemicalslikepesticidesandherbicidesareaffectingthePD.Thegeneticbiomarkersshow
whichgenesarecausingPDandlinkedtotheprogressionofPD,someofthenamesofthegenesare
PARK1,PARK2,PARK3,etc.Imagingbiomarkersaretheimagetechniquesthatareusedtoidentify
thePDpatients.Thewell-knowntechniquesaretranscranialB-modesonography(TCS),susceptibility-
weightedimaging(SWI),diffusion-weightedimaging(DWI),positronemissiontomography(PET)
scanand,single-photonemissioncomputedtomography(SPECT)scanarefrequentlyusedtoidentify
theprogressionofPDpatients.Theclinicalbiomarkersarelikemotorandnon-motorsymptomsor
riskfactorsobservedinthousandsofpatientsatthetimeofdoctor’svisits.Also,severalresearch
studieshaveprovedthatthesemotorandnon-motorsymptomshelpidentifyandrelatetoPDpatient’s
progression(Sharmaetal.,2013).

Thesearesomeknowndocuments-basedquestionerteststoevaluatetheprogressionofPDand
SWEDDbasedonthemotorandnon-motorsymptoms(Noyceetal.,2012),namelyMovementDisorder
Society-sponsoredUnifiedParkinson’sDiseaseRatingScale(MDS-UPDRS)(Holden,Finseth,Sillau,
&Berman,2018).ScalesforOutcomesinParkinson’sDisease-Autonomicquestionnaire(SCOPA-
AUT)(Visser,Marinus,Stiggelbout,&Hilten,2004)(Bostantjopoulouetal.,2016).Questionnairefor
Impulsive-CompulsiveDisordersinParkinson’sDisease–RatingScale(QUIP-RS)(Martínez-Martínet
al.,2015).TheMDS-UPDRSwascreatedtoassessdifferentfeaturesofParkinson’sdisease,including
motorandnon-motorencountersofeverydaylivingandmotorproblems.Itincorporatesamotor
assessmentandportraysthedegreeandweightofinfectionacrossdifferentpopulaces.Thescalecan
beutilizedinaclinicalsetting,justasinresearch(www.movementdisorders.org).Itconsistsof4parts.
PartIrelatesto‘‘non-motorexperiencesofdailyliving,’’PartIIbeabout‘‘motorexperiencesof
dailyliving,’’PartIIIiscontinuingtohavethe‘‘motorexamination,’’andPartIVrelatesto‘‘motor
complications.’’.Inthisresearch,weconsideredonlyMDS-UPDRSpart1.SCOPAisusedtoassess
theautonomicsymptoms inPD.Thescale is self-finishedbypatientsandcomprises25aspects
evaluatingtheaccompanyingspaces:urinary(6),gastrointestinal(7),pupillomotor(1),cardiovascular
(3),thermoregulatory(4),andsexual(2itemsformenand2itemsforwomen).TheQUIP-RSisa
concise,self-finished,orrater-managedratingscaletosurveytheseriousnessofmanifestationsof
ImpulsecontroldisordersandrelatedactionsreportedtohappeninPD.

Thesetestsaretime-consumingandarechallengingtoperform.Weneedamachinelearningmodel
thatcanpredictandclassifyinlesstimewithhighaccuracy.Forthisreason,wecollectedthemotor
andnon-motorsymptomsdatafromParkinson’sProgressionMarkersInitiative(PPMI)anddeveloped
machinelearningalgorithmstoclassifythepatientsbetweenPD,SWEDD,andHealthyControls.
Themachinelearning(ML)methodsareaformofartificialintelligence(AI).Artificialintelligence
algorithmsallowcomputers to learn, train,andusevariouscases topredict theresults.Machine
learningalgorithmscanbeusedfromtheearlieststageandcanbeusedtoexamineclinicaldatasets.
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