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Background & Motivation

* 463 million people worldwide diagnosed with
diabetes

* Diabetes leads to ~4.2 million deaths
per year

* Diabetes results from ineffective use of
insulin by the body

* Ordinary differential equations are often
used to model biological processes over time

* Goal: Predict blood glucose level using carbs and
Insulin with differential equations
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http://smarthealth.cs.ohio.edu/OhioT1DM-dataset

Data
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8 weeks of data B e

6 patients (type 1
diabetes)
* Continuous glucose

monitoring (every 5
minutes)

Insulin data and self-
reported life-event data
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Research Question

Is it possible to simulate the glucose level of an insulin patient
over one day with differential equations using only bolus,
basal and meal values?



Methodology
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Methodology

Time Shifts

e Time Shifts

* |Influence of
distribution in relation
to time

* Time shifts help to
damp this influence

* Find optimal time shift
during training

* Time shift for both
meals and carbs
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* Time Shifts
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Algorithm

 Time Shifts
e Algorithm
* Grid Search

23/02/2022

9/06/2027

=50 Measure Names
. Basal

200 . Bolus
. Mezl Carbs

150 . Glucose

100

50

15

05

y M

8AM 10 AM 1Z2PM 2PM 4PM 6PM 8PM 10PM 12 4M

Glucose Leveleventts

Methodology



https://doi.org/10.1073/pnas.1517384113

I\/I et h O d O I O g y https://github.com/dynamicslab/pysindy
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Methodology
Grid Search
Training Day: 9/06/2027 - Validation Day: 9/06/2027
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Methodology

Grid Search

 Time Shifts
e Algorithm
* Grid Search

* Perform algorithm for each
combination of training
day, validation day and
both shifts
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Methodology

Grid Search

* Time Shifts

e Algorithm
* Grid Search

* Perform algorithm for each .
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Grid Search

 Time Shifts
e Algorithm
* Grid Search

* Perform algorithm for each
combination of training
day, validation day and
both shifts
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Grid Search

Training Day: 09/06/2027 - Validation Day: 15/05/2027
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Grid Search
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Grid Search
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Grid Search
Training Day: 05/06/2027 - Validation Day: 03/06/2027
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Grid Search
Training Day: All - Validation Day: All
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* Perform algorithm for each
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both shifts

* Create error grid of shifts
for each training/validation
combination

ning Shift Bolus

ning Shift Carbs /Trail

Trai

* Select best parameter for
shifts (10 percentile)
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Grid Search
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Validation Shift Carbs fValidation Shift Bolus

”CL:SLS%CL:;:S%CL:ELS%CL:;:SECL::LSECLZELSECLZELSE l\'jE-[lOperlcent”E)n!

* Grid Search §
e Perform algorithm for each
combination of training I
day, validation day and : .
both shifts £

* Create error grid of shifts g v
for each training/validation
combination S

* Select best parameter for B
shifts (10 percentile)

23/02/2022 Methodology



Methodology

Grid Search

e Grid Search

e Perform algorithm for each
combination of training
day, validation day and
both shifts

* Create error grid of shifts
for each training/validation
combination

» Select best parameter for
shifts (10 percentile)
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Grid Search

 Time Shifts
e Algorithm
* Grid Search
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Results

Predicted Values

Test MAE: 34.15 22
dL
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Results

Predicted Values

Test MAE: 20.92 24
dL
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Results

Predicted Values

Test MAE: 23.59 24
dL
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Results

Predicted Values
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Results
Predicted Values
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Results

Predicted Values
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Is it possible to simulate the glucose level of an insulin patient over one
day with differential equations using only bolus, basal and meal values?
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Conclusio & Outlook

It is possible to simulate the glucose level of an insulin patient over one
day with differential equations using only bolus, basal and meal values.

Include better cost function (critical glucose values)

Usage of more influencing variables (activities, sleep, heart rate)

Handling of extrapolation problematic

Better usage of SINDy algorithm (grammar, parameter, version)

Patient independent modelling
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Formula (Model: 2027-05-13, Patient 540)

(ji_(t;zpl+Iﬂ2*b+P3'C+P4'G+P5'B'5+P6'bz+P?'b'C+PB'b'G+P9‘C'G+P10'Gz
p; =—1.14 G = glucose(t)

p, = 102.39 B = bolus(t)

p; = —0.14 b = basal(t)

py, = —7.69 C = carbs(t)

ps = —0.21

pe = 648.80

p, = 12.80

pg = —185.42

py = —0.96

pl[} - 1139
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Grid: Patient 552
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Detailed Shift View
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MAE Distribution
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