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Completes System for IGS
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Mathematical Modeling of IGS

# R. N. Bergman, C. Cobelli model (1979/1981).
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Mathematical Modeling

# Bergmann, Cobilli Model, (1979/1981).

G(t)
X(t)
I(t)

—(b1 + X (2))G(¢) + bi1Gyp, G(0) = bo,
—bp X (1) + b3(I(t) — Ip), X(0) = 0,
ba(G(t) — b5) "t —be(I(t) — Ip), I(0) = by + I

where (G
otherwise.

t) —ps)" =G(t) —ps if G(t) > ps and 0

Y

# X(t) denotes an auxiliary function representing
Insulin-excitable tissue glucose uptake activity.
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Delay Differential equation

o J. Hale, 1977.
t(t) = F(t,z(t),z(t+0)),t >0,

x(s) = (@), —r <0 <0.

® C([-r,0],X),L*([-r,0],X), BR([-r,0],X), X =R"
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Mathematical Modeling

# De Gaetano and Arino, (2000)

G(t) = —bi1G(t) — by I()G(t) + by, G(0) = Gy, + b,
G(t) = Gy, 0 < t <0,

1(t)

b t
b (1) + 72 / G(s)ds. 1(0) = T, + bsbo.
5 Jt—bs

where G(t) = Gy for —b5 <t <0
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Mathematical Modeling

# J. Lietal.,, Model, (2001)

G(t) = f(G(t)) — g(G(t), I(t)) + b7, G(0) = Gy + bo
1(t) = —p(I(t)) + q(L(Gr)), 1(0) = I, + bsby

with G(t) = Gg for —bs < t < 0 and
Gi(0) = Gt +0),t >0, —bs < 0 < 0
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Mathematical Modeling

# Mukhopadhayay et al., (2004)

G(t) = —bi1G(t) — by I(t)G(t) + by, G(0) = Gy, + b,
G(t) = Gy, 0 < t <0,

be

](t) —bs1(t) + g /OOO w(s)G(t — s)ds, 1(0) = I + bsbg.

where G(t) = Gy for —b5 <t <0

# This model have positive, bounded solution, and to
be globally asymptotically stable around equilibrium.
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Mathematical Modeling

# H. Wang et al. Mathematical modeling and qualitative
analysis of insulin therapies. Math. Biosc. 210(2007).

G(t) = Gin — f2(G(1)) = f3(G()) faI(t — 73)) + f5(I(t — 72)),
G(0) >0

[(t) = Lin(t) — diI(t), I(t) = I(0), ¢ € [~ max(r,73), 0]

® Giu(t), I;n(t) € C are positive w-periodic function.
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Mathematical Modeling

® 0< fo <bgrandasx < f3(x) < bsw

® fo(G)=Up(l— 6(_G/(CQV9))).
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o
2
[
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Mathematical Modeling

# All solutions of H. Wang et al. model exist for t > 0,
and they are positive and bounded from above.

Bangalore 08 16/30



Mathematical Modeling

Bangalore 08

All solutions of H. Wang et al. model exist for ¢ > 0,
and they are positive and bounded from above.

x 10°*

2

15F

(mg)

1+

Glucose

051

0 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

100

80

60 -

Insulin (mU)

40

20

0 ! ! ! ! ! ! ! ! !
0 200 400 600 800 1000 1200 1400 1600 1800 2000

17/30



Model reduction

#® Sensitivity analysis for model reduction
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Sensitivity Analysis

y=y(p) = f(t,p), peD,

where D Is some open interval and y Is differentiable on
D. Let py € D be given and assume that py # 0,

1o = y(po) # 0. In view of our assumption on py and yy It
makes sense to consider the relative errors Ap/pg and

Ay/yo. The sensitivity o, ,(po) of y with respect to p at p
Is defined by

. Ay/yo  po ,
— 1 M = — .

Bangalore 08 19/30



Simple impulses Model

Qf(t) = —KpQy(t +Z5t—tfz>sza Qf(0) = Qrpo,

1=1

Qs( ) — sq@s ‘I‘ Z 5 Ds,z' ) QS(O) — Qs,Oa

A(t) = —KgaAl(t) +Z5t_tAz>DA27 A(0) = Ap.
1=1

aaaaaaaaaaa
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aaaaaaaaaaa
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Impulses Model

Ct) = —KopeG(t) — Kaar I(£)G(H) + 297 é;GAA(t)7
(KpgQr(t) + Ksq@s(1))

% ’

I(t) = —K,I(t) +

# we can extend that model to delay and we work in
BR(|—r,0],R"™).
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Mathematical Modeling

# H. Wang et al. Mathematical modeling and qualitative
analysis of insulin therapies. Math. Biosc. 210(2007).
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Mathematical Modeling

® 0< fo <bgrandasx < f3(x) < bsw

® f2(G) = Uy(1 — G/ f2(GQ) = G/(C3V).
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Mathematical Modeling
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Mathematical Modeling

® 0< fo <bgrandasx < f3(x) < bsw

® fo(G) = Uy(1 — =GNV f3(G) = G/(C3Vy).
o (1) =Uy+ (Upy _UO)/(1+e(—ﬁln(l/&x(1/Vz-+1/(.2tz-))))_
® f5(I) = Ry(1 4 eU/Vo=C5))),

)
) =
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Mathematical Modeling

® 0< fo <bgrandasx < f3(x) < bsw

® fo(G) = Uy(1 — =GNV f3(G) = G/(C3Vy).
o (1) =Uy+ (Upy _UO)/(1+e(—ﬁln(l/&x(1/Vz-+1/(.2tz-))))_
® f5(I) = Ry(1 4 eU/Vo=C5))),

)
) =

Bangalore 08 25/30



Mathematical Modeling

This model can be written formally as DDE:

Loy
i

~—
|

F(t,X(t),X(t—1), X(t—13)),t>0,
X(s) =¢(s),—7 < s < 0,7 = max(7, 13).
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Sensitivity analysis

Lemma 1l There exist a solution to:

U(t) — DXF(t7X(tap)7Xt)(v(t)) + DXtF(t7X(tap)7Xt)(vt)

(1)
+ D, F(t, X (t,p), X¢)(1),t > 0; (2)
(v(0),v0) = (¢(0), ) € R* x C(—r,0,R) (3)

for X the solution to H. Wang Model.
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Sensitivity analysis

Theorem 1 For the solution X = (G, I) of H. Wang Model, X has a
derivative with respect to the parameter p, this derivative

D(t) = aXa(p’p ) satisfies (T43) with initial condition
(¢(0), ) = (0,0) € R? x C(~r,0; R?).
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Sensitivity analysis

#® [nsulin-Glucose System (IGS)
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Sensitivity analysis

#® [nsulin-Glucose System (IGS)
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