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ABSTRACT

Atwo-phasediagnosticframeworkbasedonhybridclassificationforthediagnosisofchronicdisease
isproposed.Inthefirstphase,featureselectionviaReliefFmethodandfeatureextractionviaPCA
methodareincorporated.Inthesecondphase,efficientoptimizationofSVMparametersviagrid
searchmethodisperformed.Theproposedhybridclassificationapproachisthentestedwithseven
popularchronicdiseasedatasetsusingacross-validationmethod.Experimentsarethenconductedto
evaluatethepresentedclassificationmethodvis-à-visfourotherexistingclassifiersthatareappliedon
thesamechronicdiseasedatasets.Resultsshowthatthepresentedapproachreducesapproximately
40%oftheextraneousandsurplusfeatureswithsubstantialreductionintheexecutiontimeformining
alldatasets,achieving thehighestclassificationaccuracyof98.5%.It isconcluded thatwith the
presentedapproach,excellentclassificationaccuracyisachievedforeachchronicdiseasedatasetwhile
irrelevantandredundantfeaturesmaybeeliminated,therebysubstantiallyreducingthediagnostic
complexityandresultingcomputationaltime.
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1. INTRoDUCTIoN

Lately, thedevastatingeffectsofchronicdiseaseson thehealthandwellbeingofpopulationsall
overtheglobearebecomingworrisome.In2016,theWorldHealthOrganization(WHO)estimates
atotalof383,000deathsin2015arisingfromasthmawith235millionpeoplesufferingfromthis
debilitatingchronicillnessthatcommonlyaffectschildren(WHO,2016).Also,in2015,theWHO
(2016)statisticsrevealthataround13.4lakhdeathsoccurredduetoviralhepatitis.Morerecently,in
2017,WHOreportsthatapproximately205millionwomensufferfromdiabetesworldwide(WHO,
2017).Moreover,theseeffectsarelikelytobeexacerbatedwiththerapidlyagingpopulationsgrowing
inmanycountriesallovertheworld.Conceivably,itisessential,intimessuchasthese,thatefficient
diagnosticmechanismsbedevelopedtorenderbestpossibleremedytopatientsinflictedwithvarious
chronicdiseasesintheleastamountoftimetosustainadecentlevelofpopulationhealthandwellbeing
inthedeveloped,developingandunder-developingcountriesoftheworld.

Accordingly, early and accurate diagnosis of chronic diseases plays a key role in medical
informaticsapplicationsandclinicalcareservices.Withtheadventofthedigitalera,dataanalytics
inthemedicalfieldhavecontinuedtogrowinhandlingvoluminousamountofpatientgenerateddata
withmultidimensionalcharacteristics.Bigdataminingprovidesefficienttoolsandtechniquesthatcan
aidinhealthinsurancedecision-making(Tanetal.,2009)andotherclinicaldecision-making(Hanet
al.,2011;Larose&Larose,2014).Asmedicaldatasetscontainallsortsofdatafromheterogeneous

Thisarticle,originallypublishedunderIGIGlobal’scopyrightonSeptember27,2019willproceedwithpublicationasanOpenAccess
articlestartingonJanuary14,2021inthegoldOpenAccessjournal,InternationalJournalofHealthcareInformationSystemsandInformat-
ics(convertedtogoldOpenAccessJanuary1,2021),andwillbedistributedunderthetermsoftheCreativeCommonsAttributionLicense

(http://creativecommons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,andproductioninanymedium,providedthe
authoroftheoriginalworkandoriginalpublicationsourceareproperlycredited.



International Journal of Healthcare Information Systems and Informatics
Volume 15 • Issue 1 • January-March 2020

2

sources,thereisanutmostneedtodevelopinnovativeanalyticalmethodsandtoformulateeffective
learningalgorithmstodealwithhigh-dimensionaldata.

Therestofthispaperisorganizedasfollows.Section2discussesthebackgroundonexisting
classifiersforhighdatadimensionalityreductionandarguesthefundamentalbasisforundertaking
ourproposedapproachfordataanalytical innovation.Section3details thedatasetmaterialsand
methodsusedinthisresearch.Section4depictsthehybridmodelbeingproposed.Followingthis,
Section5presentsthestudyresultsandtheircomparativeevaluationvis-à-visotheranalyticalmethods.
Section6summarizesthefindings,highlightingkeyeffectsofthevariousstatisticalsignificance
tests.Finally,Section7concludesthepaperbyreviewingthestudycontributions,providesinsights
onimplicationsofthefindingsandpotentialfutureworkforothersinterestedinthislineofresearch.

2. BACKGRoUND oN eXISTING CLASSIFIeRS

Overtheyears,numerousmachine-learningmethodshavebeenappliedsuccessfullyforeffective
diseasediagnosis(Azzawietal.,2016;Doraetal.,2017).Owingtoitsmanyexcellentfeaturesand
remarkablegeneralizationperformance(Cortes&Vapnik,1995;Critianini&Shawe-Taylor,2005),
supportvectormachine(SVM)classifierisawidelyusedlearningmethodinhugedemandtoday.
SVMisbasedonfindingthemaximum-marginhyper-planefortheseparationoftwoclassesaswide
aspossible.Ithasgainedpopularityinawiderangeofbiologicalapplications(Noble,2006).Also,
withtheuseofkernelfunctions,SVMworksefficientlywithlinearaswellasnon-lineardatasets.

Withtheoptimizationofparametersusedinkernelfunctions,theSVMclassificationaccuracy
increasesatasignificantrate.Gridsearchtechnique,awidelyusedmethodforoptimizingSVM
classifier,helpsinfindingbestparameterstotunetheperformanceofSVM(Linetal.,2008;Tang
etal.,2009).AlthoughSVMhasexceptionaladvantages,itsperformancewillsignificantlyimprove
ifdimensionalityreductiontechniquesareappliedbeforetheclassificationofdata(Xieetal.,2010).
Notably,researchersusefeatureselectionextensivelytoreducehighdatadimensionality(Dash&
Liu,1997;Guyon&Elisseeff,2003;Chizi&Maimon,2009;Kumar&Minz,2014;Angetal.,
2015;Shardlow,2016).Fordiseasediagnosis,featureselectioneliminatestheattributesthatareleast
significanttoaparticulardisease.

Theextantliteraturecumulatesstudiesdemonstratingnoteworthyresultsfromauthorswhohave
conductedresearchinthefieldofhighdatadimensionalityreductionwithclassification.Polat&
Gunes(2007),forexample,proposedanovelmedicalsystembasedonprincipalcomponentanalysis
(PCA),fuzzyapproachandadaptiveneuro-fuzzyinferencesystem(ANFIS)classifierforthediagnosis
oflymphdiseases,givingpromisingresultswithahighclassificationaccuracyof88.83%.Babaoğlu
etal.(2010)investigatedtheeffectofPCA-SVMbasedapproachforthediagnosisofcoronaryartery
disease(CAD).TheirexperimentalanalysisandresultsdemonstratedthatthePCA-SVMsystemnot
onlydiminishesthehighdatadimensionalityandtraining-testtiming,butalsoincreasestheaccuracy
oftheSVMclassifier.

Morerecently,Pangetal.(2015)appliedReliefF-SVMbasedmethodforthecomputer-aided
diagnosisofbreast tumor,yieldingpositivelyappealing resultswith90.0%accuracy rate,98.7%
sensitivityand73.8%specificityrate.Shahetal.(2017)employedSVMclassifierwithprobabilistic
PCAthroughparallelanalysisfortheautomaticdetectionofheartdisease.Statistically,theirresults
showedthatthepresentedmethodreducedapproximately70%ofthedimensionalityofthedataset
withhighestclassificationaccuracyof91.30%.Sangaiah&Kumar(2018)presentedahybridapproach
usingReliefFmethodandentropy-basedgeneticalgorithmforthediagnosisofbreastcancer.The
resultstheyobtaineddepictedasuperiorperformanceoftheapproachwithreduceddimensionality
andsignificantaccuracyrate.Finally,Singh&Pandey(2018)proposedanefficientdiagnosticsystem
usingaunifiedtwo-phaseapproachbasedonPCAandK-nearestneighborclassifier(PCA-KNN)for
thedetectionofliverdisease.Theirpredictionmodelattainedremarkableresultsintermsofvarious
evaluationmeasuressuchaspositivev.negativepredictivevalue,accuracy,specificityandsensitivity.
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