
AITIA
CausalRelationshipsBetweenBloodMetabolites,CognitiveOutcomes,Brain
Imaging,andCSFBiomarkersinAlzheimer'sDisease:InsightsfromDigital-Twins

ApoorvaBharthurSanjay',DeepanshiShokeen',So-YounShin'andJeanneLatourelle'
1.Aitia,Somerville,MA,USA

ALZHEIMER'SPASSOCIATION

AAIC25
#107374

INTRODUCTION

•Alzheimer'sDisease(AD)involvescognitivedecline
andmetabolicdysregulation,withblood
metaboliteslinkedtoitsdevelopment.

•However,itremainsunclearwhetherthese
metabolitesactivelydrivethediseaseorreflectits
progression.

•Identifyingcausalmetabolitesandtheir
relationshipwithbiomarkers,cognitionandbrain
structurecouldprovidenewinsightsintoAD
pathogenesisandleadtobetterdiagnosticand
therapeuticstrategies.

METHODS
•DataSource:ADNI(https://adni.loni.usc.edu)

•317Subjects(Control:MCI:Dementia=97:191:29)

•59kMulti-omicFeatures(Clinical,Imaging,
Biomarker,Genomic,Transcriptomic,Metabolomic)
including122and20serummetabolitesmeasured
fromBiocratesAbsolutelDQp180andBileAcidskit,
respectively
•ADOutcomes:CognitionMeasuresandATNbelow

Category Measure
Amyloid(A) CSFabeta

Florbetapir(AV45)SUVR
Tau(T) CSFpTau
Neurodegeneration(N) Hippocampusvolume

Entorhinalthickness
FDGPET
CSFtTau

Aitia'sDigitalTwinsidentified30metabolitesinbloodwithcausallinkstocognitivemeasures

•Here,wepresentpartofthecausal
networksinDigitalTwinshighlighting
"metabolite→cognitivemeasure"and
"cognitivemeasure→metabolite"only.
•Somemetabolitesappeartobe
reactivetochangesincognitivestate,
includingthoseoccurringduringthe
preclinicalstage(asshownbythe
nodesinsideofthegreycirclesbeing
drivenbyrednodesrepresenting
baselinecognitivemeasures).

•mPACCdigit(variationofPreclinical
AlzheimerCognitiveCompositescore)
andADAS11areupstreamofseveral

metabolites,includingtryptophan.
•Thissuggestsexecutiveandmemory
deficitsmayprecedesystemic
metabolicalterations.
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DetailsofCognition-RelatedMetaboliteswithCausalLinkstoATNBiomarkers:
SomeRespondtoATNChanges,WhileOthersContributetoATNProgression
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ReverseEngineering
•EachinsilicopatientoftheADDigitalTwinsis
comprisedofanensembleofBayesiannetwork
modelsbuiltfromthetrainingdatausingREFST™
causalAlplatform[aitia.com)

•ABayesiannetworkmodelisadirectedgraphical
representationofcausalrelationshipsbetween
variableswhereeachnodeisavariable,andeach
arrowisaconditionaldependency
ForwardSimulation
•Patient-leveloutcomescanbeestimatedintheAD

DigitalTwins,byinsilicocounterfactualexperiments
whichcomputationallysimulatepatientoutcome
valuesthroughmodelinterventions,knownin
causalinferenceas'Do'operations

•Theseestimationsaredonefullyadjustingforany
confoundingeffectsidentifiedinthecausalmodels,
whichisnecessaryincausalinferenceandallows
approximationofrandomizedexperiments

RESULTS
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EntorhinalMiddleTemporal_baseline •Wefurtherevaluatedcognition-relatedmetabolites
fortheirconnectionswithATNbiomarkers,and

Cognitiveslope_targ foundthatthesearemorecausallylinkedtotauand
neurodegenerationthantoAßinDigitalTwins,
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supportingtheviewthatcognitivedeclinealigns
morewithtaupathologythanamyloidburden.

•Tau/pTau:Upstreamofmedium-chain
triglycerides(MCT),spermidineandtryptophan.
MCTsespeciallyarereactivetoearlycognitivestate
aswellastau/pTau,FDG,andhippocampalvolume,
whiledrivingmiddletemporalatrophy.

(s•FDG&MRIvolumes:TheseNDrelatednetwork

Sprmiline
hubsdrivemanycognition-relatedmetabolites,
includingPC.ae.C30.0(phosphocholines)and

PCa:C300 lysoPC.a.C17.0(lysophosphatidylcholine),which
affectcognitivedeclinerate.

PC&C02•Isoleucine(lle;aminoacid):Drivesbothcognitive
SM.OHLC221 andstructuralchangesinkeybrainregions.

•PC.ae.C36.2(phosphocholines):Central
Met.SO

phosphocholineinfluencingcognition,NFL,and
temporallobestructure.

PROOFOFCONCEPT-KNOWNBIOLOGY

Aitia'sDigital-Twinsreverse-engineeredknownbileaciddifferentiationactivity
•Wesuccessfullyrecreatedtheclassicalbileacid
pathwaysfromdataaloneinADDigitalTwins Primary
(presentedherewherearrowsrepresentupstream-
downstreamorcausalrelationshipsbetweenbile
acids)

•Theprimarybileacids(CAandCDCA)causallydrive
thesecondarybileacidssuchasDCAandLCA,both
ofwhichthendrivetheirconjugationwithglycineor

Secondary
↓

Conjugate
taurine,butnottheotherwayaround

CONCLUSIONS

•ThesefindingshighlightthecriticalroleofTaupathology,hippocampalatrophy,andglucose
hypometabolismindrivingmetabolicalterationsinAD.

•Somemetabolites,e.g.IsoleucineandPC.ae.C36.2,arecausaldriversofcognitivedecline
andneurodegeneration,whileothers,likeTryptophanandSpermidine,reflectdisease
progression,offeringpotentialbiomarkersforearlydiagnosisandtreatment.
•Metabolites,likeMTCsC10.2,C5.1,C14.2,andC6.1—downstreamofcognitive,tau/pTau,
FDG,andhippocampalchangesandlinkedtomiddletemporalatrophy—mayactas
intermediatesinfeedbackloopsbetweenneuronalstress,metabolism,anddegeneration


