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Background: Type I Diabetes

� Diabetesmellituscharacteristics
» singlemostcostlychronicdisease($1.05B/yr)
» malfunctioningpancreasresponse

� Currenttreatmentmethodsinsuf�cient
» manualcontrol– requirespatientintervention
» inef�cient monitoringanddrugdelivery

� DCCTResearchGroupStudy[N. Eng.J.Med.,1993]

» “Intensive therapy effectively delaystheonset
andslows theprogressionof (complications)in
patientswith IDDM”

� Focus:closed–loopimplantabledevice
» components:glucosesensor, pump,algorithm
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The Type I Diabetic Patient
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� Fundamentalmodel
[Parker etal, AIChE J.2000]

» 20nonlinearODEs
» convection,

diffusion,
metabolism

» mealeffects
» patientvariability

� Limited to resting pa-
tients
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Patient ExerciseModeling

� Exercise“opposite”of mealdisturbance
� Potentiallydangerous:hypoglycemia
� Exercise–inducedphysiologicaleffects

» increasedcardiacoutput
» blood�o w redistribution
» increasedglucoseandinsulinuptakeby

exercisingtissue
� increasedO2 demandfor metabolism

» increasedhepaticglucoseproduction/ release
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Quantifying ExerciseLevel

� Energy demandandavailability correlatewith O2
availability andutilization

� Percentageof maximumoxygenuptake,% VOmax
2

» easyto measure
» normalizepatients
» facilitatesinterpatientcomparison

� Restis 8% VOmax
2

� Exerciselevel dynamicsarefast
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An ExercisePro�le
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� Rapidriseto
exerciselevel

� Increased
glucosedemand
during
physiological
recoveryphase
» slower return

to resting
state

– p.7/17 AIChE 02



Blood Flow and Exercise
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� Linearvariation
with % VOmax

2

� Increase/
decreasebased
on tissue
glucoseneeds
» constant

brainblood
�o w
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Peripheral (Muscle)GlucoseUptake

� PGUFormulation

PGU = M I � M G � M E � PGUB

M E = 1 +
PGUA � PAM M � 28

35

� PGUA timeconstant� 30

min

� Causeof decreasedutilization

at constantexerciseintensity?

» postulate:

glucoseavailability
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Hepatic GlucoseProduction

� Exercise–inducedincrease,H GPA

» assumedto balanceperipheraldemandatsteady
state(H GPss

A = PGUss
A )

� Glucosesourceis �nite
» releasecapabilityvarieswith time

� Mechanismsof glucoserelease/production
» glycogenolysis- fast,primarysource
» gluconeogenesis– slow, secondarysource
» glycogen–dependenttransitionmechanism
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Hepatic GlucoseStorage

� Glycogen– glucosepolymer
» � 80g in liver
» depletionrate

� nonlinearfunctionof exerciseintensity
� approximatelyconstant(to 75%)

» characterizewith netdepletion
� Exerciseandglycogenformulatedasmultipliers

H GP = M G � M I � M � � M E � M D � 155

M E = 1 +
H GPA � PAM M

155
M D = :56+ :4445� tanh(:0018� ([GLY ] � 1550))
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Effectsof GlycogenDepletion

� Activeperipheral
glucoseuptake
contributiondecreases
» reducedavailability

of glucose
» not1:1with H GPA

reduction
� M D effect �t to

30%VOmax
2 response
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GlycogenDynamics
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Insulin Dynamics

� Exerciseincreasesinsulinclearance
» constantfractionalclearance(liver, kidney)
» up to 3.4� increasedclearancein activemuscle

tissue

PI C = C(ex)[I p](1 + 2:4 � PAM M )

� Interactionswith glucosemetabolism
» reducedinsulin–inducedglucoseremoval
» increasedhepaticglucoseoutput
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ExerciseModeling with Glycogen

� Extendeddurationexercisedynamicscaptured

� M D independentof exerciseintensity
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DisturbanceDynamicsComparison
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� Characteristic
differences
» faster–

exercise
disturbance

» larger
magnitude–
meal
disturbance

� Performance
trade–off required
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Summary

� Physiologically–derivedexercisemodel,extending
existing resting–patientformulation
» characterizedby % VOmax

2 andactivemuscle
mass

» peripheralglucoseutilization
» nethepaticdynamics,includingglycogen
» insulin interactions

� Alternativedisturbancechallengefor controller
synthesis

� Acknowledgments
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