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ABSTRACT

TheWorld’shealthsystemsarenowfacingaglobalproblemknownasAlzheimer’sdisease(AD)
thatmainlyaffects theelderly.Thegoalof thiswork is toperformaclassificationmethodology
skilledwithArtificialNeuralNetworks (ANN) to improve thediscriminationaccuracyamongst
patientsatADdifferentstagescomparativelytothestate-of-art.Forthat,severalstudyfeaturesthat
characterizedtheElectroencephalogram(EEG)signals“slow-down”wereextractedandpresented
totheANNentriesinordertoclassifythedataset.Theclassificationresultsachievedinthepresent
workarepromisingconcerningADearlydiagnosisandtheyshowthatEEGcanbeagoodtoolfor
ADdetection(Controls(C)vsAD:accuracy95%;CvsMild-cognitiveImpairment(MCI):accuracy
77%;MCIvsAD:accuracy83%;AllvsAll:accuracy90%).
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INTRoDUCTIoN

Theagestructureoftheworldpopulationhaschangeddramaticallyinrecentdecadesespeciallyin
developedcountries,andthisrealityismainlyduetothefertilitydeclineandthelongevityincrease
(Ballard,etal.,2011;Machado,2002).Therefore,theagingpopulationhasbecomeafactofscientific
interestbecausetheelderlyismostvulnerabletotheonsetofcertaindegenerativediseases(Jonker,
Launer,Hooijer,&Lindeboom,1996).Alzheimer’sdisease(AD)isaprogressiveneurodegenerative
braindisorderandiscurrentlythemostcommoncauseofdementiaintheelderly(Ballard,etal.,
2011).Itdestroysmemoryandseveralmentalfunctions,anditcausesaprogressiveandirreversible
deterioration of several cognitive functions leading to a situation of complete dependence. AD
represents60%ofelderlydiseasesandin2010ADreachedmorethan35,6millionaffectedpeople
aroundtheworld(Prince,etal.,2015).Asitisacorticalandprogressivebraindisorder,gradually,over
time,mostpartsofthebrainwillsufferdamage,andADsymptomswillseverelyincrease(Blennow,
Leon,&Zetterberg,2006).ADoriginremainsunknown,andthereisnotaprospectofacureshortly
despitetheeffortsmadebyseveralresearchersinthisregard(Prince,etal.,2015).

ADprogressioncanbeclassifiedintofourdifferentstages.Thefirststageorthepre-dementia
stageisknownasMildCognitiveImpairment(MCI).TheMCIisknownasatransitionalstagebetween
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naturalagingandAD(Nestor,Scheltens,&Hodges,2004).Itcorrespondstoavarietyofsymptoms:
difficultyinrememberingrecentevents,subtlechangesinbehavior,discretelossofautonomyin
dailylifeactivities,disorientationintimeandspaceandpersonalitychanges(Nestor,Scheltens,&
Hodges,2004).EventhoughtheMCIconfersanincreasedriskofdevelopingAD,atthisstageonly
between6%and25%ofpeopledevelopAD(Shimokawa,etal.,2001).TheMildandModerateAD
stagesarecharacterizedbyincreasingcognitivedeficitsanddependenceoncaregivers(Gwyther,
2001).IntheAdvancedstage,monitoringbecomesconstantandstrictlynecessarybecausepatients
areunabletoperformanytasksandsoassistanceisinevitable(Mesulam,2000).Senileplaquesand
neurofibrillarytanglesinthemedialtemporallobeandcorticalareasaretwopathologicalhallmarksof
brainsravagedbyAD(Blennow,2005;Mattson,2004).Thesetwoabnormalstructuresareresponsible
fordamagingandkillingnervecells(Cummings,2004).Partsofthebrainstarttoshrinkbecause
thebrain’snervecellsdie.InthelaststageofAD,thedamageisgeneralized,andthebraintissue
hasdecreasedsignificantlyinvolume(Blennow&Zetterberg,2010).Infact,amyloidplaquesand
neurofibrillarytanglesareclearlyvisiblebymicroscopyinbrainsofpatientswithAD(Tiraboschi,
Hansen,Thal,&Corey-Bloom,2004).

ItisnotyetknownwhythebraincellsdeteriorateasADprogressesandmanyriskfactorsare
associatedtoADdevelopment.Thus,agingisconsideredtheprincipalfactorgiventhatthedisease
mainlyaffectspeopleover65years.Familyhistoryisanotherfactorpointedoutbecausepeople
whohave a close relativewhodevelopedADhave a slightly higher risk to develop thedisease
themselves(Blennow,2005).However,otherfactorsbeyondgeneticsarepointedoutinthecourse
anddevelopmentofAD,forexample,heartdisease,diabetes,obesity,stress,smokingandlower
educationalqualifications.MostpeoplewithDownsyndromedevelopADaswellaspeoplewhohad
severeheadinjuries(Blennow,Leon,&Zetterberg,2006;Lahiri,Farlow,Greig,&Sambamurti,2002).

ThedevelopmentofmethodsthatcanassistinADdiagnosismayleadtothereductionofhigh
costsassociatedwiththisillness(Lahiri,Farlow,Greig,&Sambamurti,2002;Ferri,etal.,2005).AD
representsapublichealthproblemandachallengetothescientificcommunitytofindsolutionsto
minimizeitssocio-economiceffects(Machado,2002).Althoughtheprogressinbetterunderstanding
theADstages,theresearchershavenotyetdiscoveredagoodtreatmentforthiscomplexandstressful
diseaseandneitherhavefoundareliablemethodtomakeanaccurateADdiagnosis(Ballard,etal.,
2011).Theearlydiagnosisaccuracyislow,andthereisnotabiomarkerabletodetectADwithout
invasivetests.ItisoftendifficulttodiagnoseAD,andthediagnosisismadebyexcludingotherpossible
causesofdementiasymptoms(Porth&Matfin,2009).Abrainbiopsyorautopsyistheeffectiveway
tomakeacorrectanddefinitivediagnosis.AneffectivediagnosiscanprovideopportunitiesforAD
patientstogetinvolvedinclinicaltrialsandtogetthebesttreatment(Ballard,etal.,2011).

SeveraltoolsandmethodsmaybeusedtodiagnoseAD.Inthebeginning,ADpresentssubtle
symptomsthatmaybeconfoundedtootherspresentedbypeoplewithanormalaging(Waldemar,2007).
ThemostcommonneuropsychologicaltestforADscreeningistheMini-MentalStateExamination
(MMSE)thatevaluatesskillssuchasreading,writing,orientationandshort-termmemory.However,
diagnosisisalsomadethroughpersonalhistory,Biomarkers,EEG,Magnetoencephalogram(MEG)
and several techniquesofbrain imaging that areused to showbrainchanges,namely:Magnetic
ResonanceImaging(MIR),PositronEmissionTomography(PET)andComputedTomography(CT)
(Weiner,2009;Prichep,2007).

TheEEGplayedanimportantroleasregardsdementiadiagnosisforseveraldecades.Therefore,
itmaybeanimportanttooltoassistinADdiagnosis.TheEEGcanrecordtheelectromagneticfields
produced by brain activity with good temporal resolution. This non-invasive and cost-effective
techniquethatpresentsnosideeffectsiswidelyextendedinclinicalsettings(Sanei&Chambers,
2007;Jeong,2004;Stam,2005).EEGistypicallydividedintodifferentconventionalfrequencybands,
suchasdelta(δ,1-4Hz),theta(θ,4-8Hz),alpha(α,8-13Hz),beta(β,13-30Hz),andgamma(γ,
30-40Hz).ADseemstoaffectthesignalpowerinthosedifferentbands.Themajoreffectisknown
astheEEG“slowing”,thatmeansapowerdecreaseinhigherfrequencybandssuchasalpha,beta
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