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INTRODUCTION RESULTS

METHODS

TheThe aimaim ofof thisthis workwork isis toto proposepropose 22 modelsmodels toto provideprovide aa roughrough estimationestimation
ofof thethe raterate ofof appearanceappearance (Ra)(Ra) ofof glucoseglucose andand ofof insulininsulin concentrationconcentration inin
plasmaplasma basedbased onon thethe knowledgeknowledge ofof mealsmeals andand injectionsinjections times/dosestimes/doses..

TheThe 77thth frameworkframework EuropeanEuropean ProjectProject DIAdvisorDIAdvisor [[11]] aimsaims toto developdevelop ofof anan
advisoryadvisory systemsystem forfor TypeType 11 DiabetesDiabetes PatientsPatients.. ThisThis devicedevice willwill generategenerate
alarmsalarms andand givegive suggestionssuggestions forfor thethe optimaloptimal diseasedisease managementmanagement basedbased
onon shortshort--termterm glucoseglucose predictionprediction andand controlcontrol algorithmsalgorithms..
GlucoseGlucose predictionprediction algorithmsalgorithms usuallyusually useuse thethe informationinformation onon ingestedingested CHOCHO
andand insulininsulin administrationadministration toto improveimprove theirtheir performanceperformance (e(e..gg.. ARXARX modelsmodels))..
HoweverHowever sincesince thethe dynamicsdynamics ofof thethe systemsystem areare nonnon linearlinear thethe knowledgeknowledge ofof
mealmeal glucoseglucose raterate ofof appearanceappearance andand InsulinInsulin concentrationconcentration couldcould bebe moremore
valuablevaluable thanthan thethe simplesimple timetime andand dosedose informationinformation..

DatabaseDatabase:: DataData fromfrom 1414 TypeType--11 DiabeticsDiabetics subjectssubjects fromfrom thethe DIAdvisorDIAdvisor
ClinicalClinical DataData AcquisitionAcquisition TrialTrial sudiedsudied atat thethe CHU,CHU, MontpellierMontpellier andand atat thethe
DMCSDMCS inin PadovaPadova werewere employedemployed forfor thethe identificationidentification ofof thethe modelsmodels..

ModelModel SimulationSimulation:: DifferentDifferent scenariosscenarios ofof mealmeal intakeintake andand insulininsulin
adminitrationadminitration werewere simulatedsimulated..

ModelModel EmployementEmployement:: SeveralSeveral feedfeed forwardforward neuralneural networknetwork (FFNN)(FFNN)
predictionprediction algorithmsalgorithms ((seesee FacchinettiFacchinetti etet alal.. DTMDTM 20102010,, PosterPoster 2323)) werewere
testedtested inin silicosilico withwith andand withoutwithout thethe aidaid ofof thethe RaRa modelmodel ((ExternalExternal InputsInputs))..
TheThe CGMCGM tracestraces werewere simulatedsimulated withwith thethe TypeType--11 DiabeticDiabetic SimulatorSimulator [[44]]..
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Figure 5. Simulated Glucose Ra profile (top) and insulin concentration (bottom) in plasma. The arrows
represent the Carbohydrate intakes (grams of glucose, blue), and the Insulin doses (Units of Slow
Insulin, gray, Units of Fast Insulin, black)

AIM

ProtocolProtocol:: TheThe subjectssubjects
receivedreceived 33 controlledcontrolled mealsmeals
forfor 33 daysdays (CHO(CHO:: 4040gg
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TheThe GlucoseGlucose RaRa ModelModel:: TheThe modelmodel usedused toto generategenerate thethe RateRate ofof
appearanceappearance ofof glucoseglucose intointo thethe plasmaplasma afterafter transittransit throughthrough thethe
gastrointestinalgastrointestinal tracttract isis thatthat proposedproposed inin [[22]]..

CONCLUSIONS
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TheThe SubcutaneousSubcutaneous InsulinInsulin AbsorptionAbsorption ModelModel:: TheThe modelmodel usedused toto
generategenerate thethe insulininsulin concentrationconcentration inin plasmaplasma isis thatthat proposedproposed inin [[33]]..
ItIt cancan bebe solvedsolved withwith twotwo differentdifferent setssets ofof meanmean absorptionabsorption parametersparameters
((KfastKfast//KslowKslow)) toto accountaccount forfor thethe differentdifferent absorptionabsorption dynamicsdynamics ofof slowslow
andand fastfast insulininsulin.. TheThe predictedpredicted slowslow andand fastfast insulininsulin concentrationsconcentrations areare
summedsummed upup toto obtainobtain thethe totaltotal concentrationconcentration ofof insulininsulin inin plasmaplasma..
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TheThe proposedproposed modelsmodels allowallow aa reliablereliable predictionprediction ofof thethe glucoseglucose raterate ofof
appearanceappearance andand insulininsulin concentrationconcentration inin plasmaplasma..

PredictionPrediction algorithmsalgorithms maymay benefitbenefit fromfrom thethe knowledgeknowledge ofof thesethese signalssignals.. ForFor
InstanceInstance,, thethe performanceperformance ofof aa FFNNFFNN predictionprediction algorithmalgorithm improvedimproved bothboth inin
termsterms ofof RMSERMSE andand ofof TimeTime GainGain whenwhen exploitingexploiting thethe externalexternal InputInput
providedprovided byby thethe GlucoseGlucose RaRa ModelModel..

RMSE NN = 10.7
Time Gain = 17 min

FFNN – No External Input

RMSE NN = 8.5
Time Gain = 23 min

FFNN – External Input

•• ModelModel parametersparameters werewere estimatedestimated..
TheThe modelsmodels werewere identifiedidentified onon eacheach
mealmeal separatelyseparately..
•• TheThe implementationimplementation ofof thethe functionfunction
isis suitablesuitable toto bebe usedused onlineonline..
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The The mealmeal information information allowsallows a a fasterfaster
detection detection ofof the the risingrising patternpattern

Figure 1. Example of Blood Glucose (top) and Insulin Concentration (bottom) profiles.

Figure 2. Glucose Rate of appearance Model
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forfor 33 daysdays (CHO(CHO:: 4040gg
breakfast,breakfast, 7070gg lunch,lunch, 7070gg
dinnerdinner)).. PlasmaPlasma glucoseglucose andand
insulininsulin concentrationconcentration werewere
frequentlyfrequently measuredmeasured..


