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On a Switched Glucose—insulin Dynamics
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Abstract— This paper investigates the mathematical model of the glucose-insulin dynamics for type 1
diabetes mellitus, which is obtained by extending the Subcutaneous Oral Glucose Minimal Model (SOGMM)
to a switching system in order to simulate nonlinearity of the glucose dynamics in the gastrointestinal tract.
This model is capable of accurately simulating the actual response of blood glucose while maintaining a low
level of complexity. The utility of this model is demonstrated through numerical experiments of parameter
estimation for the time response of UVA/Padova model, which is accepted by the United States Food
and Drug Administration as a substitute to animal trials for the pre-clinical testing. This experiments is
conducted using data from ten subjects, and in each case, it is shown that parameter estimation can be

performed with high accuracy.
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Fig. 1: Subcutaneous Oral Glucose Minimal Model
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Table 1: Parameters of SOGMM

Symbol Explanation Nominal value Unit

k- Meal transport rate 0.08930 1/min

ky Meal absorption rate 0.01193 1/min

f Fraction of intestinal absorption 0.90000 dimensionless
BW Body weight

kq Subcutaneous insulin transport rate 0.02000 1/min

ka Plasma insulin transport rate 0.9088 1/min

Vi Distribution volume of insulin 0.06005 L/kg

Sa Fractional glucose effectiveness 0.01000 1/min

Gh Basal glucose concentration mg/dl

Vo Distribution volume of glucose 1.6000 kg/dl

D2 Remote insulin transport rate 0.02000 1/min

S Insulin sensitivity 1/min per mU/L
Iy Basal insulin concentration mU/L
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line).
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Fig. 3: Blood glucose response from UVA /Padova
model and second derivative of Blood Glucose are
compared with the mode transition timing. 75g of
glucose and an appropriate amount of insulin were
administered at 60 minutes. The mode transition fol-
lows the linear switching model described in 10).
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Fig. 4: Blood glucose predictions from identified dynamics using SOGMM (red line) versus SSOGMM (blue
line) are compared with the output from the UVA/Padova model (green line).
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Table 2: Root Mean Squared Error (mg/dl)

Subject number
Model 51 52 53 54 55 56 57 58 59 60 | Median IQR Mean
SOGMM | 4.47 244 269 4.78 422 9.14 3.06 3.07 3.53 1.43 3.3 177 3.88
SSOGMM | 1.81 1.04 247 189 3.14 1.64 1.40 1.20 1.57 1.75 1.69 0.49 1.79
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