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 Mathematical models make it possible to quantitatively simulate clinical 

situations and to test various hypotheses. The determination of insulin 

doses and sensitivity in type 1 diabetic patients is made on the basis of 

calculations after the fasting test and after estimation of the carbohydrate 

ratios. The objective of our study is to build a mathematical model 

describing the doses of basal and prandial insulin and the sensitivity to 

insulin, in order to propose a therapeutic scheme adapted to the needs of 

the diabetic patient and this through a mathematical model describing type 

1 diabetes. The study focused on the files of diabetic patients followed up 

in the endocrinology department between 2015 - 2021, and who benefited 

from functional insulin therapy. The variables analyzed relate to patient 

age, sex, duration of diabetes, HbA1c, weight, BMI, total insulin dose, 

prandial insulin dose, basal insulin dose, the number of daily 10g serving, 

insulin sensitivity. A mathematical analysis was performed which allows 

to numerically estimate the dose of basal insulin, rapid insulin and K 

sensitivity for each new patient. The results of the analysis were then tested 

on an Excel spreadsheet, then used to build a web-based calculator 

application. We included 105 patients in the study. The set {𝑉1 , 𝑉2, ⋯ , 𝑉105} 

constitutes the table of the database considered in this study. Let P be a 

patient who is not from the database: 𝑃 ∈ {𝑃𝑖  |  𝑖 ∈ {1,⋯ ,105}}. Therefore, 

to determine basal insulin IB, rapid insulin IR and sensitivity Ksensitivity, we 

find the closest patient in the database according to the chosen factors. 

These patients are found by minimizing the cartesian distance between the 

factor vectors, these distances are defined as: 𝑑1(𝑖) =

√(𝐴𝑔𝑒𝑖 −𝐴𝑔𝑒)
2 + (𝑊𝑒𝑖𝑔ℎ𝑡𝑖 −𝑊𝑒𝑖𝑔ℎ𝑡)

2 + (𝐻𝑏𝐴1𝑐𝑖 −𝐻𝑏𝐴1𝑐)
2 for 

the Basal Insulin. 𝑑2(𝑖) =

√(𝐴𝑔𝑒𝑖 −𝐴𝑔𝑒)
2 + (𝑊𝑒𝑖𝑔ℎ𝑡𝑖 −𝑊𝑒𝑖𝑔ℎ𝑡)

2 + (𝑁𝑆𝑖 − 𝑁𝑆)
2  for the Rapid 

Insulin Once we found the minimal distances and best values for Rapid and 

Basal Insulin dose, we can calculate the Total Insulin IT and deduce the K-

Sensitivity defined as: 𝐾𝑠𝑒𝑛𝑠𝑖𝑏𝑖𝑙𝑖𝑡é =
𝐼𝑇

𝐼𝑇ℎ
 These formulas were tested on an 

Excel spreadsheet, then used to build a Web-based Calculator application. 

The model obtained from this mathematical simulation will make it 
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possible to reliably estimate the doses of basal and prandial insulin and the 

sensitivity in T1D patients. 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Mathematical models have long been used in understanding complex phenomena in medicine. They make it 

possible to "simulate" clinical situations quantitatively and to test various hypotheses, of a physiological or 

therapeutic nature. However, they only provide valid information to the extent that they were built on realistic 

assumptions, and how rigorously their results were tested against the actual data available [1- 3]. 

 

The determination of the insulin doses and the sensitivity in the type 1 diabetic patient is made on the basis 

of calculation after the fasting test and after estimation of the carbohydrate ratios. 

 

Functional Insulin Therapy (FIT) is an educational method that allows diabetic patients to understand and 

gain control over their treatment. It is based on adapting the insulin therapy to the patient’s life (diet, physical 

activity, pace of life, etc.) [4- 6]. 

 

This method is intended for type 1 diabetic patients (T1D) treated according to a basal-bolus insulin regimen 

by multiple injections or by an insulin pump [6], [7]. 

 

The Endocrinology and Diabetology Department started its FIT program in May 2013. 

 

Our objective is to build a mathematical model describing the basal and prandial insulin doses and the 

sensitivity, in order to propose a therapeutic scheme adapted to the needs of the diabetic patient through a 

mathematical model describing type 1 diabetes. 

 

2. MATERIALS AND METHOD 

The study focused on the files of diabetic patients followed up in the endocrinology department between 2015 

- 2021, and who benefited from functional insulin therapy. 

 

We excluded incomplete files from the study. 

 

2.1 Functional insulin therapy program 

Each IF group consists of 4-10 candidates who receive intensive training during a 4-day hospital stay. Each 

patient performs a 36-hour carbohydrate fasting test (with a lunch and dinner of 100g of grilled white meat 

and lettuce, without fat), with monitoring of capillary blood sugar levels, and food record keeping with a 

carbohydrate count. It was the physician's interpretation of the dietary record and fasting test results that 

determined the baseline insulin dose, insulin sensitivity, and carbohydrate ratios [8]. 

 

The variables analyzed relate to patient age, sex, duration of diabetes, HbA1c, weight, BMI, total insulin 

dose, prandial insulin dose, basal insulin dose, the number of daily 10g serving, insulin sensitivity. 

 

A mathematical simulation was performed which allows to numerically estimate the dose of basal insulin, 
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rapid insulin and K sensitivity for each new patient. 

 

The descriptive analysis of the sample was carried out using the IBM SPSS Statistics 25 Software. 

 

These formulas were first tested on a spreadsheet using Microsoft Excel, and the Web-based Calculator 

application was built using the PHP language with a MySQL database. 

 

3. RESULTS 

 

3.1 Patient characteristics 

We included 105 T1D patients in the study. 

Table 1 summarizes all the characteristics of the patients. 

 

Table 1: Characteristics of the patients included in the study 

Characteristics of the patients  

Average Age (Year) 25.19 ± 9.418 (12-53) 

Sex 

Female 

Male 

 

60 (57.1%) 

45 (42.9%) 

Average duration of diabetes (Years) 8.51  ± 6.54 (1-25) 

Average Weight (kg) 64.63 ± 10.44 (35-97) 

BMI (Kg/m²) 22.74 ± 3.2 (17 – 30) 

HbA1c (%) 8.93 ± 1.78 (5.5-13.6) 

Average total insulin dose (UI) 48.7 ± 14.84 (17-88) 

Average rapid insulin dose (UI) 32.16 ± 11.22 (9-68) 

Average basal insulin dose (UI) 16.8 ± 6.1 (4-31) 

Average number of daily 10g servings 19.82 ± 7.6 (6-61.5) 

 

3.2 Mathematical simulation 

Consider 105 patients 𝑃1, 𝑃2, ⋯ , 𝑃105 on which the study is being carried out and each patient 𝑃𝑖 is associated 

with a vector 𝑉𝑖 which represents its information, such as 

 

𝑉𝑖 =

(

 
 
 
 

𝐴𝑔𝑒𝑖
𝑊𝑒𝑖𝑔ℎ𝑡𝑖
𝐻𝑏𝐴1𝑐𝑖
𝑁𝑆𝑖
𝐼𝐵𝑖
𝐼𝑅𝑖 )
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With 𝑁𝑆𝑖 being the number of daily 10g servings of carbohydrates, 𝐼𝐵𝑖  and 𝐼𝑅𝑖 being respectively the best 

dosage of Basal and Rapid Insulin decided for that patient. 

 

The set {𝑉1, 𝑉2,⋯ , 𝑉105} constitutes the table of the database considered in this study. 

 

Let P be a patient who is not from the database: 

𝑃 ∉ {𝑃𝑖 |  𝑖 ∈ {1,⋯ ,105}} 

 

Matching information in the vector V: 

𝑉 =

(

 
 
 

𝐴𝑔𝑒
𝑊𝑒𝑖𝑔ℎ𝑡
𝐻𝑏𝐴1𝑐
𝑁𝑆
𝑰𝑩
𝑰𝑹 )

 
 
 

 

 

Our objective is to find the closest approximation of 𝐼𝐵  and 𝐼𝑅 using the data in the set  {𝑉1, 𝑉2, ⋯ , 𝑉105} 

 

Since the coefficient of determination (the square of the linear correlation coefficient) varies between 0 and 

1, this allows us to judge the quality of a simple linear regression, and find the best parameters for an 

approximation. 

 

Let 𝑑1(𝑖) be the cartesian distance between vectors  𝑢 = (𝑨𝒈𝒆,𝑾𝒆𝒊𝒈𝒉𝒕,𝑯𝒃𝑨𝟏𝒄) of patient 𝑃𝑖 and patient 

𝑃, such as: 

𝑑1(𝑖) = √(𝑨𝒈𝒆𝑖 − 𝑨𝒈𝒆)2 + (𝑾𝒆𝒊𝒈𝒉𝒕𝑖 −𝑾𝒆𝒊𝒈𝒉𝒕)2 + (𝑯𝒃𝑨𝟏𝒄𝑖 −𝑯𝒃𝑨𝟏𝒄)2 

 

Let 𝑑2(𝑖) be the cartesian distance between vectors  𝑤 = (𝑨𝒈𝒆,𝑾𝒆𝒊𝒈𝒉𝒕,𝑵𝑺) of patient 𝑃𝑖 and patient 𝑃, 

such as: 

𝑑2(𝑖) = √(𝑨𝒈𝒆𝑖 −𝑨𝒈𝒆)
2 + (𝑾𝒆𝒊𝒈𝒉𝒕𝑖 −𝑾𝒆𝒊𝒈𝒉𝒕)

2 + (𝑵𝑺𝑖 − 𝑵𝑺)
2  

 

Therefore, the closest patient to 𝑃 using the parameters 𝑨𝒈𝒆,𝑾𝒆𝒊𝒈𝒉𝒕,𝑯𝒃𝑨𝟏𝒄 is: 

𝑃𝑥 ∶  𝑑1(𝑥) = min
𝑖∈{1,…,105}

𝑑1(𝑖) 

 

While the closest patient to P using the parameters 𝑨𝒈𝒆,𝑾𝒆𝒊𝒈𝒉𝒕,𝑵𝑺 is: 

𝑃𝑦 ∶  𝑑2(𝑦) = min
𝑖∈{1,…,105}

𝑑2(𝑖) 

 

We can therefore use 𝑰𝑩𝒙 and 𝑰𝑹𝒚  as the closest insulin dosages according to those sets of parameters. 

The K-Sensitivity is defined as 

𝐾𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝐼𝑇
𝐼𝑇ℎ

 

With total insulin 𝐼𝑇  defined by 

𝐼𝑇 = 𝐼𝐵 + 𝐼𝑅  

 

And theoretical insulin 𝐼𝑇ℎ  defined by 

 𝐼𝑇ℎ = 0.26 ×𝑊𝑒𝑖𝑔ℎ𝑡 + 𝑁𝑆 × 1.1 
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These formulas were then tested using a Microsoft Excel spreadsheet. They were then applied in building a 

software simulator application aimed at estimating the optimal Insulin dosage for new patients. This simulator 

was web-based and database-driven, and designed to work on mobile devices as well as on desktop 

computers. 

 

4. DISCUSSION 

There are several phases in developing and using a model for a medical study. The modeling of a phenomenon 

begins with the choice of the aspects that we decide to consider, and that we eventually regroup into a system 

[2], [3]. 

 

The same situation often requires a different model depending on the question of interest. 

  

A model will be relevant if it covers the field of the real problem, if it allows a description of the phenomenon 

with the desired level of precision and if it is reusable [2], [3]. 

 

Our study made it possible to establish a mathematical model through the data of the clinical study in T1D 

patients having benefited from FIT in order to predict the dose of basal insulin, prandial insulin and insulin 

sensitivity for future patients. 

 

Thanks to this application, practitioners can predict insulin doses without a fasting test and without calculating 

the ratios during dietary records [7]. 

 

Enriching the database with a greater number of patients will enhance the precision of the calculated results. 

 

5. CONCLUSION 

The management of type 1 diabetes is a real challenge, both for the practitioner and for the patient. This 

numerical model and the resulting simulator application will make it possible to reliably estimate the doses 

of basal and prandial insulin and the sensitivity in T1D patients. 

 

6. REFERENCE 

[1]  Meng TC, Somani S, Dhar P. Modeling and simulation of biological systems with stochasticity. In 

Silico Biol 2004;4:293–309.  

 

[2]  Boutayeb A, Chetouani A. A critical review of mathematical models and data used in diabetology. 

BioMed Eng OnLine 2006;5:43.  

 

[3]  Chevret S. Modèles mathématiques utilisés en médecine. Réanimation 2007;16:240– 

 

[4]  Sachon C. Functional insulin therapy. Rev Prat 2003;53:1169–74.  

 

[5]  Sachon C, Heurtier A, Grimaldi A. So-called “functional” insulin therapy. Diabetes Metab 

1998;24:556–9.  

 

[6]  Sachon C. Insulinothérapie fonctionnelle. EMC - Endocrinologie-Nutrition (Elsevier Masson SAS) 

2014;11(2).  

 

[7]  Howorka K, Thoma H, Grillmayr H, Kitzler E. Phases of functional, near-normoglycaemic insulin 



Haraj, et.al, 2022                                                                                                           Teikyo Medical Journal 

 

7314 
 

substitution: what are computers good for in the rehabilitation process in type I (insulin-dependent) diabetes 

mellitus? Computer Methods and Programs in Biomedicine 1990;32:319–23.  

 

[8]  Taheri A, El Aziz S, Zine K, Hassoune S, Chadli A. Insulinothérapie fonctionnelle, de la théorie à la 

pratique. Première expérience du CHU Ibn Rochd de Casablanca, Maroc. Médecine des Maladies 

Métaboliques 2017;11:81–6.  

https://www.teikyomedicaljournal.com/

