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The concept of model building is presented in Fig. 1. 
 

 
 

Figure 1. The concept of model building. 
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1. The first modeling phase 
 
The concept of the first phase is in more detail presented in Fig 2. It is separated into five 
main design steps. The result of the first step gives the information regarding the 
distribution of the patients with diabetes type 2 (D2) inside the observed population. In 
the next step the set of obese people is introduced. In the third step we are taking into 
account that in the observed population there is also a group of people who are smokers, 
while in the fourth and fifth step the model is additionally extended to describe the 
patients with hypercholesterolemia and hypertension. 
 

 
 

Figure 2. The structure of the first modelling phase. 
 
 
 
1.1 Development of diabetes type 2 inside the population 
 
Inside the first block (Fig. 2) the observed population is devided into three groups:  

• patients, where diabetes type 2 (D2) is discovered and healed (D2ZDRA), 
• patients where D2 is not discovered (D2NEZDRA), 
• and healthy people (BREZD2). 

 
Corresponding mathematical model can be described with: 
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and u(s) is unity step indicating the birth time. Time responses of observed signals are 
given as pecentage regarding the age of observed population. Parameters in eqn. (1.1) and 
(1.2) are as follows: 
 
TmD2ZDRA=24 
KsD2=20 
TD2=4.9 
TD2a=7.5 
TmD2NEZDRA=20 
KsD2NEZDRA=460 
TD2NEZDRA=14.75 
 
Time constants are given in years. 
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1.2 Development of obesity 
 
The three signals from the first block enter the second block, where they are transformed 
into six signals, representig: 

1. people without D2, who are obese (BREZD2inDEBELI), 
2. people without D2, with normal weight (BREZD2inSUHII), 
3. patients with treated D2, who are obese (D2ZDRAinDEBELI), 
4. patients with treated D2 and normal weight (D2ZDRAinSUHI) 
5. patients with undiscovered D2, who are obese (D2NEZDRAinDEBELI), 
6. patients with undiscovered D2 and normal weight (D2NEZDRAinSUHI). 

 
Corresponding mathematical model can be described with: 
 

[ ]
[ ]

2
821

3

821 4

BREZD2inDEBELI=K11*x                                                                          (2.1)

T2DBREZD2 *s+1
x = *BREZD2                                    (2.2)

T1DBREZD2 *s+1
BREZD2inSUHI=BREZD2  -  BREZD2inDEBELI                                    (2.3)

D2ZDRAinDEBELI=K12*D2ZDRA                                                                 (2.4)
D2ZDRAinSUHI=D2ZDRA  -  D2ZDRAinDEBELI  

2

                                 (2.5)
D2NEZDRAinDEBELI=K13*D2NEZDRA                                                           (2.6)

D2NEZDRAinSUHI=D2NEZDRA  -  D2NEZDRAinDEBELI                          (2.7)
 
Parameters in eqn. (2.1) to (2.7) are as follows: 
 
K11=6.39*10-4 
T1DBREZD2=40 
T1DBREZD2=39.935 
T2DBREZD2=70.8 
K12=0.72 
K13=0.117 
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1.3 Development of smoking 
 
The outputs from the third block are: 
 

1. BREZD2inSUHIinKAD (people without D2, with normal weight and smokers), 
2. BREZD2inSUHIinNEK (people without D2, with normal weight and 

nonsmokers), 
3. BREZD2inDEBELIinKAD (people without D2, obese and smokers), 
4. BREZD2inDEBELIinNEK(people without D2, obese and nonsmokers), 
5. D2ZDRAinSUHIinKAD (patients with treated D2, with normal weight and 

smokers), 
6. D2ZDRAinSUHIinNEK (patients with treated D2, with normal weight and 

nonsmokers), 
7. D2ZDRAinDEBELIinKAD (patients with treated D2, obese and smokers), 
8. D2ZDRAinDEBELIinNEK (patients with treated D2, obese and nonsmokers), 
9. D2NEZDRAinSUHIinKAD (patients with untreated D2, with normal weight and 

smokers), 
10. D2NEZDRAinSUHIinNEK (patients with untreated D2, with normal weight and 

nonsmokers) 
11. D2NEZDRAinDEBELIinKAD (patients with untreated D2, obese and smokers), 
12. D2NEZDRAinDEBELIinNEK patients with untreated D2, obese and 

nonsmokers). 
 
Corresponding mathematical model can be described with: 
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D2ZDRAinSUHIinKAD=K22*y                                                                   (3.7)
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D2ZDRAinDEBELIinKAD=K25*y                                                                 (3.10)

(T *s+1)
* D2ZDRAinDEBELI          

(T *s+1)
y =                (3.11)

D2ZDRAinDEBELIinNEK=D2ZDRAinDEBELI  -  D2ZDRAinDEBELIinKAD 
                                                                                  (3.12)

D2NEZDRAinSUHIinKAD=K23*D2NEZDRAinSUHI                                       (3.13)
D2NEZDRAinSUHIinNEK=D2NEZDRAinSUHI  -  D2NEZDRAinSUHIinKAD  

                                                                                 (3.14)
D2NEZDRAinDEBELIinKAD=K26*D2NEZDRAinDEBELI                                 (3.15)
D2NEZDRAinDEBELIinNEK=D2NEZDRAinDEBELI  -  D2NEZDRAinDEBELIinKAD        

                                                                                  (3.16)
 
Parameters in eqn. (3.1) to (3.16) are as follows: 

00945 

1.8 
24=K21 

 

*3.68 
25=K22 

26=K23 

 

 
K21=0.0
Tkad=12 
Tkaj=28  
Tkaj1=Tkaj*
K
 
K22=0.005
Tkaj2=2.55 
Tkaj3=Tkaj2
K
 
K23=0.5 
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1.4 Development of hypercholesterolemia 
 
Signals from the "smoking" block represent the inputs to the submodel describing the 
patients with hypercholesterolemia (H), where again it is possible to differ the discovered 
and healed patients and those, who are not discovered. The rest of observed population is 
without hypercholesterolemia. Outputs from the fourth blocks are therefore: 
 

1. BREZD2inSUHIinNEKinBREZH (people without D2, with normal weight, 
nonsmokers, without H), 

2. BREZD2inSUHIinNEKinHZDRA (people without D2, with normal weight, 
nonsmokers, with treated H), 

3. BREZD2inSUHIinNEKinHNEZDRA (people without D2, with normal weight, 
nonsmokers, with undiscovered H), 

4. D2ZDRAinSUHIinNEKinBREZH (patients with treated D2, with normal weight, 
nonsmokers, without H), 

5. D2ZDRAinSUHIinNEKinHZDRA (patients with treated D2, with normal weight, 
nonsmokers, with treated H), 

6. D2ZDRAinSUHIinNEKinHNEZDRA (patients with treated D2, with normal 
weight, nonsmokers, with undiscovered H), 

7. D2NEZDRAinSUHIinNEKinBREZH (patients with undiscovered D2, with 
normal weight, nonsmokers, without H), 

8. D2NEZDRAinSUHIinNEKinHZDRA (patients with undiscovered D2, with 
normal weight, nonsmokers, with treated H), 

9. D2NEZDRAinSUHIinNEKinHNEZDRA (patients with undiscovered D2, with 
normal weight, nonsmokers, with undiscovered H), 

10. BREZD2inDEBELIinNEKinBREZH (people without D2, obese, nonsmokers, 
without H), 

11. BREZD2inDEBELIinNEKinHZDRA (people without D2, obese, nonsmokers, 
with treated H), 

12. BREZD2inDEBELIinNEKinHNEZDRA (people without D2, obese, nonsmokers, 
with undiscovered H), 

13. D2ZDRAinDEBELIinNEKinBREZH (patients with treated D2, obese, 
nonsmokers, without H), 

14. D2ZDRAinDEBELIinNEKinHZDRA (patients with treated D2, obese, 
nonsmokers, with treated H), 

15. D2ZDRAinDEBELIinNEKinHNEZDRA (patients with treated D2, obese, 
nonsmokers, with undiscovered H), 

16. D2NEZDRAinDEBELIinNEKinBREZH (patients with undiscovered D2, obese, 
nonsmokers, without H), 

17. D2NEZDRAinDEBELIinNEKinHZDRA (patients with undiscovered D2, obese, 
nonsmokers, with treated H), 

18. D2NEZDRAinDEBELIinNEKinHNEZDRA (patients with undiscovered D2, 
obese, nonsmokers, with undiscovered H), 

19. BREZD2inSUHIinKADinBREZH (people without D2, with normal weight, 
smokers, without H), 
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20. BREZD2inSUHIinKADinHZDRA (people without D2, with normal weight, 
smokers, with treated H), 

21. BREZD2inSUHIinKADinHNEZDRA (people without D2, with normal weight, 
smokers, with undiscovered H), 

22. D2ZDRAinSUHIinKADinBREZH (patients with treated D2, with normal weight, 
smokers, without H), 

23. D2ZDRAinSUHIinKADinHZDRA (patients with treated D2, with normal weight, 
smokers, with treated H), 

24. D2ZDRAinSUHIinKADinHNEZDRA (patients with treated D2, with normal 
weight, smokers, with undiscovered H), 

25. D2NEZDRAinSUHIinKADinBREZH (patients with undiscovered D2, with 
normal weight, smokers, without H), 

26. D2NEZDRAinSUHIinKADinHZDRA (patients with undiscovered D2, with 
normal weight, smokers, with treated H), 

27. D2NEZDRAinSUHIinKADinHNEZDRA (patients with undiscovered D2, with 
normal weight, smokers, with undiscovered H), 

28. BREZD2inDEBELIinKADinBREZH (people without D2, obese, smokers, 
without H), 

29. BREZD2inDEBELIinKADinHZDRA (people without D2, obese, smokers, with 
treated H), 

30. BREZD2inDEBELIinKADinHNEZDRA (people without D2, obese, smokers, 
with undiscovered H), 

31. D2ZDRAinDEBELIinKADinBREZH (patients with treated D2, obese, smokers, 
without H), 

32. D2ZDRAinDEBELIinKADinHZDRA (patients with treated D2, obese, smokers, 
with treated H), 

33. D2ZDRAinDEBELIinKADinHNEZDRA (patients with treated D2, obese, 
smokers, with undiscovered H), 

34. D2NEZDRAinDEBELIinKADinBREZH (patients with undiscovered D2, obese, 
smokers, without H), 

35. D2NEZDRAinDEBELIinKADinHZDRA (patients with undiscovered D2, obese, 
smokers, with treated H), 

36. D2NEZDRAinDEBELIinKADinHNEZDRA (patients with undiscovered D2, 
obese, smokers, with undiscovered H), 
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Corresponding mathematical model can be described with the following equations and 
parameters: 
 

( )
3*

3
1BREZD2inSUHIinNEKinHZDRA=K31* * *

s*TcHNEKSUHIHZDRA+1
*BREZD2inSUHIinNEK                                                                                                (4.1)

BREZD2inSUHIinNEKinH

mHs Te−

( )
32*

4
s*TcHNEKSUHIHNEZDRA1+1NEZDRA=K32* * *
s*TcHNEKSUHIHNEZDRA+1

*BREZD2inSUHIinNEK
                                                                                                                    

mHs Te−

                     (4.2)
BREZD2inSUHIinNEKinBREZH=BREZD2inSUHIinNEK-
-BREZD2inSUHIinNEKinHZDRA-
-BREZD2inSUHIinNEKinHNEZDRA                                                                           (4.3)

 

 
TmH3=20 
K31=0.62 
TcHNEKSUHIHZDRA=12 
 
TmH32=10 
K32=0.12 
TcHNEKSUHIHNEZDRA=2 
TcHNEKSUHIHNEZDRA1=TcHNEKSUHIHNEZDRA*0.5 
 
 
D2ZDRAinSUHIinNEKinHZDRA=K33* D2ZDRAinSUHIinNEK                         (4.4)
D2ZDRAinSUHIinNEKinHNEZDRA=K33a*D2ZDRAinSUHIinNEK                   (4.5)
D2ZDRAinSUHIinNEKinBREZH=D2ZDRAinSUHIinNEK-
-D2ZDRAinSUHIinNEKinHZDRA-
-D2ZDRAinSUHIinNEKinHNEZDRA                                                                      (4.6)

 

 
K33=0.75 
K33a=0 
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D2NEZDRAinSUHIinNEKinHZDRA=K34a*D2NEZDRAinSUHIinNEK                    (4.7)
D2NEZDRAinSUHIinNEKinHNEZDRA=K34*D2NEZDRAinSUHIinNEK                 (4.8)
D2NEZDRAinSUHIinNEKinBREZH=D2NEZDRAinSUHIinNEK-
-D2NEZDRAinSUHIinNEKinHZDRA-
-D2NEZDRAinSUHIinNEKinHNEZDRA                                                                      (4.9)

 

 
K34=1 
K34a=0 
 
 

2
*TmH351BREZD2inDEBELIinNEKinHZDRA=K35* * *

s*TcHNEKDEBELIHZDRA+1
*BREZD2inDEBELIinNEK                                                                                                (4.10)

BREZD2

se−⎡ ⎤
⎢ ⎥⎣ ⎦

2
*TmH351inDEBELIinNEKinHNEZDRA=K36* * *

s*TcHNEKDEBELIHZDRA+1
*BREZD2inDEBELIinNEK                                                                                                (4.11)
BREZD2inDE

se−⎡ ⎤
⎢ ⎥⎣ ⎦

BELIinNEKinBREZH=BREZD2inDEBELIinNEK-
-BREZD2inDEBELIinNEKinHZDRA-
-BREZD2inDEBELIinNEKinHNEZDRA                                                                           (4.12)

 

 
TmH35=5 
K35=0.4 
K36=0.1 
TcHNEKDEBELIHZDRA=10 
 
 
D2ZDRAinDEBELIinNEKinHZDRA=K37*D2ZDRAinDEBELIinNEK                                 (4.13)
D2ZDRAinDEBELIinNEKinHNEZDRA=K37a*D2ZDRAinDEBELIinNEK                           (4.14)
D2ZDRAinDEBELIinNEKinBREZH=D2ZDRAinDEBELIinNEK-
-D2ZDRAinDEBELIinNEKinHZDRA-
-D2ZDRAinDEBELIinNEKinHNEZDRA                                                                                  (4.15)

 

 
K37=0.6175 
K37a=0 
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D2NEZDRAinDEBELIinNEKinHZDRA=K38a*D2NEZDRAinDEBELIinNEK                 (4.16)
D2NEZDRAinDEBELIinNEKinHNEZDRA=K38*D2NEZDRAinDEBELIinNEK             (4.17)
D2NEZDRAinDEBELIinNEKinBREZH=D2NEZDRAinDEBELIinNEK-
-D2NEZDRAinDEBELIinNEKinHZDRA-
-D2NEZDRAinDEBELIinNEKinHNEZDRA                                                                        (4.18)

 

 
K38=1 
K38a=0 
 
 
BREZD2inSUHIinKADinHZDRA=K39*BREZD2inSUHIinKAD                                                                (4.19)
BREZD2inSUHIinKADinHNEZDRA=K310*BREZD2inSUHIinKAD                                                         (4.20)
BREZD2inSUHIinKADinBREZH=BREZD2inSUHIinKAD-BREZD2inSUHIinKADinHZDRA-
-BREZD2inSUHIinKADinHNEZDRA                                                                                                             (4.21)

 

 
K39=0.3 
K310=0.2 
 
 
D2ZDRAinSUHIinKADinHZDRA=K311*D2ZDRAinSUHIinKAD                                                             (4.22)
D2ZDRAinSUHIinKADinHNEZDRA=K311a*D2ZDRAinSUHIinKAD                                                       (4.23)
D2ZDRAinSUHIinKADinBREZH=D2ZDRAinSUHIinKAD-D2ZDRAinSUHIinKADinHZDRA-
-D2ZDRAinSUHIinKADinHNEZDRA                                                                                                            (4.24)

 

 
K311=0.475 
K311a=0 
 
 
D2NEZDRAinSUHIinKADinHZDRA=K312a*D2NEZDRAinSUHIinKAD                                                  (4.25)
D2NEZDRAinSUHIinKADinHNEZDRA=K312*D2NEZDRAinSUHIinKAD                                                (4.26)
D2NEZDRAinSUHIinKADinBREZH=D2NEZDRAinSUHIinKAD-D2NEZDRAinSUHIinKADinHZDRA-
-D2NEZDRAinSUHIinKADinHNEZDRA                                                                                                         (4.27)

 

 
K312a=0 
K312=1 
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BREZD2inDEBELIinKADinHZDRA=K313*BREZD2inDEBELIinKAD                                                       (4.28)
BREZD2inDEBELIinKADinHNEZDRA=K314*BREZD2inDEBELIinKAD                                                   (4.29)
BREZD2inDEBELIinKADinBREZH=BREZD2inDEBELIinKAD-BREZD2inDEBELIinKADinHZDRA-
-BREZD2inDEBELIinKADinHNEZDRA                                                                                                           (4.30)

 

 
K313=0.6 
K314=0.3 
 
 
D2ZDRAinDEBELIinKADinHZDRA=K315*D2ZDRAinDEBELIinKAD                                                      (4.31)
D2ZDRAinDEBELIinKADinHNEZDRA=K315a*D2ZDRAinDEBELIinKAD                                                (4.32)
D2ZDRAinDEBELIinKADinBREZH=D2ZDRAinDEBELIinKAD-D2ZDRAinDEBELIinKADinHZDRA-
-D2ZDRAinDEBELIinKADinHNEZDRA                                                                                                           (4.33)

 

 
K315=0.49 
K315a=0 
 
 
D2NEZDRAinDEBELIinKADinHZDRA=K316a*D2NEZDRAinDEBELIinKADinHZDRA                           (4.34)
D2NEZDRAinDEBELIinKADinBREZH=K316*D2NEZDRAinDEBELIinKADinHZDRA                              (4.35)
D2NEZDRAinDEBELIinKADinHNEZDRA=D2NEZDRAinDEBELIinKADinHZDRA-
-D2NEZDRAinDEBELIinKADinHZDRA-D2NEZDRAinDEBELIinKADinBREZH                                         (4.36)

 

 
K316=1 
K316a=0 
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1.5 Development of hypertension 
 
The last block of the first modeling phase is hypertension (T). All the signals from the 
previous block are in this block transformed into three to represent the patients with 
treated hypertension, undiscovered patients, while the rest are healthy regarding this 
disease. Output signals form this block with corresponding relations and parameters are 
presented in the following. 
 

1. BREZD2inSUHIinNEKinBREZHinBREZT (people without D2, with normal 
weight, nonsmokers, without H, without T) 

2. BREZD2inSUHIinNEKinBREZHinTZDRA (people without D2, with normal 
weight, nonsmokers, without H, with treated T) 

3. BREZD2inSUHIinNEKinBREZHinTNEZDRA (people without D2, with normal 
weight, nonsmokers, without H, with undiscovered T) 

 
2

*Tm41

2
*Tm41

1BREZD2inSUHIinNEKinBREZHinTZDRA=K41* * *BREZD2inSUHIinNEKinBREZH        (5.1)
s*TT41+1

1BREZD2inSUHIinNEKinBREZHinTNEZDRA=K42* * *BREZD2inSUHIinNEKinBREZH   (5.2)
s*TT41+1

BREZD

s

s

e

e

−

−

⎛ ⎞
⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎝ ⎠

2inSUHIinNEKinBREZHinBREZT=BREZD2inSUHIinNEKinBREZH-
-BREZD2inSUHIinNEKinBREZHinTZDRA-
-BREZD2inSUHIinNEKinBREZHinTNEZDRA                                                                                                           (5.3)
 
Tm41=50 
TT41=14 
K41=0.34 
K42=0.005 
 
 

4. BREZD2inSUHIinNEKinHZDRAinBREZT (people without D2, with normal 
weight, nonsmokers, with treated H, without T) 

5. BREZD2inSUHIinNEKinHZDRAinTZDRA (people without D2, with normal 
weight, nonsmokers, with treated H, with treated T) 

6. BREZD2inSUHIinNEKinHZDRAinTNEZDRA (people without D2, with normal 
weight, nonsmokers, with treated H, with undiscovered T) 

 
BREZD2inSUHIinNEKinHZDRAinTZDRA=K43*BREZD2inSUHIinNEKinHZDRA                                        (5.4)
BREZD2inSUHIinNEKinHZDRAinTNEZDRA=K43a*BREZD2inSUHIinNEKinHZDRA                                 (5.5)
BREZD2inSUHIinNEKinHZDRAinBREZT=BREZD2inSUHIinNEKinHZDRA-
-BREZD2inSUHIinNEKinHZDRAinTZDRA-
-BREZD2inSUHIinNEKinHZDRAinTNEZDRA                                                                                                     (5.6)

 

 
K43=0.965 
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K43a=0 
 
 

7. BREZD2inSUHIinNEKinHNEZDRAinBREZT (people without D2, with normal 
weight, nonsmokers, with undiscovered H, without T) 

8. BREZD2inSUHIinNEKinHNEZDRAinTZDRA (people without D2, with normal 
weight, nonsmokers, with undiscovered H, with treated T) 

9. BREZD2inSUHIinNEKinHNEZDRAinTNEZDRA (people without D2, with 
normal weight, nonsmokers, with undiscovered H, with undiscovered T) 

 
BREZD2inSUHIinNEKinHNEZDRAinTZDRA=K44a*BREZD2inSUHIinNEKinHNEZDRA                        (5.7)

s*TT42+1BREZD2inSUHIinNEKinHNEZDRAinTNEZDRA=K44* *BREZD2inSUHIinNEKinHNEZDRA  (5.8)
s*TT43+1

BREZD2inSUHIinNEKinHNEZDRAinTNEZDRA=BREZD2inSUHIinNEKinHNEZDRA-
-BREZD2inSUHIinNEKinHNEZDRAinTZDRA-
-BREZD2inSUHIinNEKinHNEZDRAinTNEZDRA                                                                                             (5.9)

 

 
K44a=0 
K44=0.2 
TT42=24 
TT43=5 
 
 

10. D2ZDRAinSUHIinNEKinBREZHinBREZT(patients with treated D2, with 
normal weight, nonsmokers, without H, without T) 

11. D2ZDRAinSUHIinNEKinBREZHinTZDRA (patients with treated D2, with 
normal weight, nonsmokers, without H, with treated T) 

12. D2ZDRAinSUHIinNEKinBREZHinTNEZDRA (patients with treated D2, with 
normal weight, nonsmokers, without H, with undiscovered T) 

 
D2ZDRAinSUHIinNEKinBREZHinTZDRA=K45* D2ZDRAinSUHIinNEKinBREZH                                      (5.10)
D2ZDRAinSUHIinNEKinBREZHinTNEZDRA=K45a*D2ZDRAinSUHIinNEKinBREZH                                (5.11)
D2ZDRAinSUHIinNEKinBREZHinBREZT=D2ZDRAinSUHIinNEKinBREZH -
-D2ZDRAinSUHIinNEKinBREZHinTZDRA-
-D2ZDRAinSUHIinNEKinBREZHinTNEZDRA                                                                                                   (5.12)

 

 
K45=0.95 
K45a=0 
 
 

13. D2ZDRAinSUHIinNEKinHZDRAinBREZT(patients with treated D2, with 
normal weight, nonsmokers, with treated H, without T) 

14. D2ZDRAinSUHIinNEKinHZDRAinTZDRA(patients with treated D2, with 
normal weight, nonsmokers, with treated H, with treated T) 
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15. D2ZDRAinSUHIinNEKinHZDRAinTNEZDRA (patients with treated D2, with 
normal weight, nonsmokers, with treated H, with undiscovered T 

 
D2ZDRAinSUHIinNEKinHZDRAinTZDRA=K46* D2ZDRAinSUHIinNEKinHZDRA                                    (5.13)
D2ZDRAinSUHIinNEKinHZDRAinTNEZDRA=K46a*D2ZDRAinSUHIinNEKinHZDRA                              (5.14)
D2ZDRAinSUHIinNEKinHZDRAinBREZT=D2ZDRAinSUHIinNEKinHZDRA -
-D2ZDRAinSUHIinNEKinHZDRAinTZDRA-
-D2ZDRAinSUHIinNEKinHZDRAinTNEZDRA                                                                                                  (5.15)

 

 
K46=0.94 
K46a=0 
 
 

16. D2ZDRAinSUHIinNEKinHNEZDRAinBREZT (patients with treated D2, with 
normal weight, nonsmokers, with undiscovered H, without T) 

17. D2ZDRAinSUHIinNEKinHNEZDRAinTZDRA (patients with treated D2, with 
normal weight, nonsmokers, with undiscovered H, with treated T) 

18. D2ZDRAinSUHIinNEKinHNEZDRAinTNEZDRA (patients with treated D2, 
with normal weight, nonsmokers, with undiscovered H, with undiscovered T) 

 
D2ZDRAinSUHIinNEKinHNEZDRAinTZDRA=K47a*D2ZDRAinSUHIinNEKinHNEZDRA                        (5.16)
D2ZDRAinSUHIinNEKinHNEZDRAinTNEZDRA=K48a*D2ZDRAinSUHIinNEKinHNEZDRA                   (5.17)
D2ZDRAinSUHIinNEKinHNEZDRAinBREZT=D2ZDRAinSUHIinNEKinHNEZDRA-
-D2ZDRAinSUHIinNEKinHNEZDRAinTZDRA-
-D2ZDRAinSUHIinNEKinHNEZDRAinTNEZDRA                                                                                            (5.18)

 

 
K47a=0 
K48a=0 
 
 

19. D2NEZDRAinSUHIinNEKinBREZHinBREZT(patients with undiscovered D2, 
with normal weight, nonsmokers, without H, without T) 

20. D2NEZDRAinSUHIinNEKinBREZHinTZDRA(patients with undiscovered D2, 
with normal weight, nonsmokers, without H, with treated T) 

21. D2NEZDRAinSUHIinNEKinBREZHinTNEZDRA (patients with undiscovered 
D2, with normal weight, nonsmokers, without H, with undiscovered T) 

 
D2NEZDRAinSUHIinNEKinBREZHinTZDRA=K49a*D2NEZDRAinSUHIinNEKinBREZH                      (5.19)
D2NEZDRAinSUHIinNEKinBREZHinTNEZDRA=K49*D2NEZDRAinSUHIinNEKinBREZH                  (5.20)
D2NEZDRAinSUHIinNEKinBREZHinBREZT=D2NEZDRAinSUHIinNEKinBREZH-
-D2NEZDRAinSUHIinNEKinBREZHinTZDRA-
-D2NEZDRAinSUHIinNEKinBREZHinTNEZDRA                                                                                         (5.21)
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K49a=0 
K49=0.65 
 
 

22. D2NEZDRAinSUHIinNEKinHZDRAinBREZT (patients with undiscovered D2, 
with normal weight, nonsmokers, with treated H, without T) 

23. D2NEZDRAinSUHIinNEKinHZDRAinTZDRA (patients with undiscovered D2, 
with normal weight, nonsmokers, with treated H, with treated T) 

24. D2NEZDRAinSUHIinNEKinHZDRAinTNEZDRA (patients with undiscovered 
D2, with normal weight, nonsmokers, with treated H, with undiscovered T) 

 
D2NEZDRAinSUHIinNEKinHZDRAinTZDRA=K410a*D2NEZDRAinSUHIinNEKinHZDRA                     (5.22)
D2NEZDRAinSUHIinNEKinHZDRAinTNEZDRA=K411a*D2NEZDRAinSUHIinNEKinHZDRA                (5.23)
D2NEZDRAinSUHIinNEKinHZDRAinBREZT=D2NEZDRAinSUHIinNEKinHZDRA-
-D2NEZDRAinSUHIinNEKinHZDRAinTZDRA-
-D2NEZDRAinSUHIinNEKinHZDRAinTNEZDRA                                                                                           (5.24)

 

 
K410a=0 
K411a=0 
 
 

25. D2NEZDRAinSUHIinNEKinHNEZDRAinBREZT (patients with undiscovered 
D2, with normal weight, nonsmokers, with undiscovered H, without T) 

26. D2NEZDRAinSUHIinNEKinHNEZDRAinTZDRA (patients with undiscovered 
D2, with normal weight, nonsmokers, with undiscovered H, with treated T) 

27. D2NEZDRAinSUHIinNEKinHNEZDRAinTNEZDRA (patients with 
undiscovered D2, with normal weight, nonsmokers, with undiscovered H, with 
undiscovered T) 

 
D2NEZDRAinSUHIinNEKinHNEZDRAinTZDRA=K412a*D2NEZDRAinSUHIinNEKinHNEZDRA         (5.25)
D2NEZDRAinSUHIinNEKinHNEZDRAinTNEZDRA=K413*D2NEZDRAinSUHIinNEKinHNEZDRA      (5.26)
D2NEZDRAinSUHIinNEKinHNEZDRAinBREZT=D2NEZDRAinSUHIinNEKinHNEZDRA-
-D2NEZDRAinSUHIinNEKinHNEZDRAinTZDRA-
-D2NEZDRAinSUHIinNEKinHNEZDRAinTNEZDRA                                                                                     (5.27)

 

 
K412a=0 
K413=0.65 
 
 

28. BREZD2inDEBELIinNEKinBREZHinBREZT (people without D2, obese, 
nonsmokers, without H, without T) 

29. BREZD2inDEBELIinNEKinBREZHinTZDRA (people without D2, obese, 
nonsmokers, without H, with treated T) 
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30. BREZD2inDEBELIinNEKinBREZHinTNEZDRA (people without D2, obese, 
nonsmokers, without H, with undiscovered T) 

 
BREZD2inDEBELIinNEKinBREZHinTZDRA=K414*BREZD2inDEBELIinNEKinBREZH                     (5.28)
BREZD2inDEBELIinNEKinBREZHinTNEZDRA=K415*BREZD2inDEBELIinNEKinBREZH                (5.29)
BREZD2inDEBELIinNEKinBREZHinBREZT=BREZD2inDEBELIinNEKinBREZH-
-BREZD2inDEBELIinNEKinBREZHinTZDRA-
-BREZD2inDEBELIinNEKinBREZHinTNEZDRA                                                                                       (5.30)

 

 
K414=0.075 
K415=0.15 
 
 

31. BREZD2inDEBELIinNEKinHZDRAinBREZT (people without D2, obese, 
nonsmokers, with treated H, without T) 

32. BREZD2inDEBELIinNEKinHZDRAinTZDRA (people without D2, obese, 
nonsmokers, with treated H, with treated T) 

33. BREZD2inDEBELIinNEKinHZDRAinTNEZDRA (people without D2, obese, 
nonsmokers, with treated H, with undiscovered T) 

 
-s*Tm416BREZD2inDEBELIinNEKinHZDRAinTZDRA=K416*e *BREZD2inDEBELIinNEKinHZDRA          (5.31)

BREZD2inDEBELIinNEKinHZDRAinTNEZDRA=K416a*BREZD2inDEBELIinNEKinHZDRA                 (5.32)
BREZD2inDEBELIinNEKinHZDRAinBREZT=BREZD2inDEBELIinNEKinHZDRA-
-BREZD2inDEBELIinNEKinHZDRAinTZDRA-
-BREZD2inDEBELIinNEKinHZDRAinTNEZDRA                                                                                          (5.33)

 

 
Tm416=12 
K416=0.7 
K416a=0 
 
 

34. BREZD2inDEBELIinNEKinHNEZDRAinBREZT (people without D2, obese, 
nonsmokers, with undiscovered H, without T) 

35. BREZD2inDEBELIinNEKinHNEZDRAinTZDRA (people without D2, obese, 
nonsmokers, with undiscovered H, with treated T) 

36. BREZD2inDEBELIinNEKinHNEZDRAinTNEZDRA (people without D2, obese, 
nonsmokers, with undiscovered H, with undiscovered T) 
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-s*Tm417

BREZD2inDEBELIinNEKinHNEZDRAinTZDRA=K417a*BREZD2inDEBELIinNEKinHNEZDRA                 (5.34)
BREZD2inDEBELIinNEKinHNEZDRAinTNEZDRA=K417e *BREZD2inDEBELIinNEKinHNEZDRA  (5.35)
BREZD2inDEBELIinNEKinHNEZDRAinBREZT=BREZD2inDEBELIinNEKinHNEZDRA-
-BREZD2inDEBELIinNEKinHNEZDRAinTZDRA-
-BREZD2inDEBELIinNEKinHNEZDRAinTNEZDRA                                                                                          (5.36)

 

 
K417=0.05 
Tm417=6 
K417a=0 
 
 

37. D2ZDRAinDEBELIinNEKinBREZHinBREZT (patients with treated D2, obese, 
nonsmokers, without H, without T) 

38. D2ZDRAinDEBELIinNEKinBREZHinTZDRA (patients with treated D2, obese, 
nonsmokers, without H, with treated T) 

39. D2ZDRAinDEBELIinNEKinBREZHinTNEZDRA (patients with treated D2, 
obese, nonsmokers, without H, with undiscovered T) 

 
D2ZDRAinDEBELIinNEKinBREZHinTZDRA=K418*D2ZDRAinDEBELIinNEKinBREZH                         (5.37)
D2ZDRAinDEBELIinNEKinBREZHinTNEZDRA=K418a*D2ZDRAinDEBELIinNEKinBREZH                  (5.38)
D2ZDRAinDEBELIinNEKinBREZHinBREZT=D2ZDRAinDEBELIinNEKinBREZH-
-D2ZDRAinDEBELIinNEKinBREZHinTZDRA-
-D2ZDRAinDEBELIinNEKinBREZHinTNEZDRA                                                                                           (5.39)

 

 
K418=0.98 
K418a=0 
 
 

40. D2ZDRAinDEBELIinNEKinHZDRAinBREZT (patients with treated D2, obese, 
nonsmokers, with treated H, without T) 

41. D2ZDRAinDEBELIinNEKinHZDRAinTZDRA (patients with treated D2, obese, 
nonsmokers, with treated H, with treated T) 

42. D2ZDRAinDEBELIinNEKinHZDRAinTNEZDRA (patients with treated D2, 
obese, nonsmokers, with treated H, with undiscovered T) 

 
-s*Tm419D2ZDRAinDEBELIinNEKinHZDRAinTZDRA=K419*e *D2ZDRAinDEBELIinNEKinHZDRA           (5.40)

D2ZDRAinDEBELIinNEKinHZDRAinTNEZDRA=K419a*D2ZDRAinDEBELIinNEKinHZDRA                  (5.41)
D2ZDRAinDEBELIinNEKinHZDRAinBREZT=D2ZDRAinDEBELIinNEKinHZDRA-
-D2ZDRAinDEBELIinNEKinHZDRAinTZDRA-
-D2ZDRAinDEBELIinNEKinHZDRAinTNEZDRA                                                                                           (5.42)
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K419=0.98 
K419a=0 
Tm419=9 
 
 

43. D2ZDRAinDEBELIinNEKinHNEZDRAinBREZT (patients with treated D2, 
obese, nonsmokers, with undiscovered H, without T) 

44. D2ZDRAinDEBELIinNEKinHNEZDRAinTZDRA (patients with treated D2, 
obese, nonsmokers, with undiscovered H, with treated T) 

45. D2ZDRAinDEBELIinNEKinHNEZDRAinTNEZDRA (patients with treated D2, 
obese, nonsmokers, with undiscovered H, with undiscovered T) 

 
D2ZDRAinDEBELIinNEKinHNEZDRAinTZDRA=K420a*D2ZDRAinDEBELIinNEKinHNEZDRA             (5.43)
D2ZDRAinDEBELIinNEKinHNEZDRAinTNEZDRA=K421a*D2ZDRAinDEBELIinNEKinHNEZDRA       (5.44)
D2ZDRAinDEBELIinNEKinHNEZDRAinBREZT=D2ZDRAinDEBELIinNEKinHNEZDRA-
-D2ZDRAinDEBELIinNEKinHNEZDRAinTZDRA-
-D2ZDRAinDEBELIinNEKinHNEZDRAinTNEZDRA                                                                                       (5.45)

 

 
K420a=0 
K421a=0 
 
 

46. D2NEZDRAinDEBELIinNEKinBREZHinBREZT (patients with undiscovered 
D2, obese, nonsmokers, without H, without T) 

47. D2NEZDRAinDEBELIinNEKinBREZHinTZDRA (patients with undiscovered 
D2, obese, nonsmokers, without H, with treated T) 

48. D2NEZDRAinDEBELIinNEKinBREZHinTNEZDRA (patients with 
undiscovered D2, obese, nonsmokers, without H, with undiscovered T) 

 
D2NEZDRAinDEBELIinNEKinBREZHinTZDRA=K422a*D2NEZDRAinDEBELIinNEKinBREZH           (5.46)
D2NEZDRAinDEBELIinNEKinBREZHinTNEZDRA=K422*D2NEZDRAinDEBELIinNEKinBREZH       (5.47)
D2NEZDRAinDEBELIinNEKinBREZHinBREZT=D2NEZDRAinDEBELIinNEKinBREZH-
-D2NEZDRAinDEBELIinNEKinBREZHinTZDRA-
-D2NEZDRAinDEBELIinNEKinBREZHinTNEZDRA                                                                                     (5.48)

 

 
K422a=0 
K422=0.65 
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49. D2NEZDRAinDEBELIinNEKinHZDRAinBREZT (patients with undiscovered 

D2, obese, nonsmokers, with treated H, without T) 
50. D2NEZDRAinDEBELIinNEKinHZDRAinTZDRA (patients with undiscovered 

D2, obese, nonsmokers, with treated H, with treated T) 
51. D2NEZDRAinDEBELIinNEKinHZDRAinTNEZDRA (patients with 

undiscovered D2, obese, nonsmokers, with treated H, with undiscovered T) 
 
D2NEZDRAinDEBELIinNEKinHZDRAinTZDRA=K423a*D2NEZDRAinDEBELIinNEKinHZDRA             (5.49)
D2NEZDRAinDEBELIinNEKinHZDRAinTNEZDRA=K423*D2NEZDRAinDEBELIinNEKinHZDRA         (5.50)
D2NEZDRAinDEBELIinNEKinHZDRAinBREZT=D2NEZDRAinDEBELIinNEKinHZDRA-
-D2NEZDRAinDEBELIinNEKinHZDRAinTZDRA-
-D2NEZDRAinDEBELIinNEKinHZDRAinTNEZDRA                                                                                       (5.51)

 

 
K423a=0 
K423=0.8 
 
 

52. D2NEZDRAinDEBELIinNEKinHNEZDRAinBREZT (patients with 
undiscovered D2, obese, nonsmokers, with undiscovered H, without T) 

53. D2NEZDRAinDEBELIinNEKinHNEZDRAinTZDRA (patients with 
undiscovered D2, obese, nonsmokers, with undiscovered H, with treated T) 

54. D2NEZDRAinDEBELIinNEKinHNEZDRAinTNEZDRA (patients with 
undiscovered D2, obese, nonsmokers, with undiscovered H, with undiscovered T) 

 
D2NEZDRAinDEBELIinNEKinHNEZDRAinTZDRA=K424a*D2NEZDRAinDEBELIinNEKinHNEZDRA    
                                                                                                                                                                              (5.52)
D2NEZDRAinDEBELIinNEKinHNEZDRAinTNEZDRA=K424*D2NEZDRAinDEBELIinNEKinHNEZDRA  
                                                                                                                                                                             (5.53)
D2NEZDRAinDEBELIinNEKinHNEZDRAinBREZT=D2NEZDRAinDEBELIinNEKinHNEZDRA-
-D2NEZDRAinDEBELIinNEKinHNEZDRAinTZDRA-
-D2NEZDRAinDEBELIinNEKinHNEZDRAinTNEZDRA                                                                                (5.54)

 

 
K424a=0 
K424=0.5 
 
 

55. BREZD2inSUHIinKADinBREZHinBREZT (people without D2, with normal 
weight, smokers, without H, without T) 

56. BREZD2inSUHIinKADinBREZHinTZDRA (people without D2, with normal 
weight, smokers, without H, with treated T) 

57. BREZD2inSUHIinKADinBREZHinTNEZDRA (people without D2, with normal 
weight, smokers, without H, with undiscovered T) 
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BREZD2inSUHIinKADinBREZHinTZDRA=K425*BREZD2inSUHIinKADinBREZH                                   (5.55)
BREZD2inSUHIinKADinBREZHinTNEZDRA=K426*BREZD2inSUHIinKADinBREZH                              (5.56)
BREZD2inSUHIinKADinBREZHinBREZT=BREZD2inSUHIinKADinBREZH-
-BREZD2inSUHIinKADinBREZHinTZDRA-
-BREZD2inSUHIinKADinBREZHinTNEZDRA                                                                                                 (5.57)

 

 
K425=0.025 
K426=0.005 
 
 

58. BREZD2inSUHIinKADinHZDRAinBREZT (people without D2, with normal 
weight, smokers, with treated H, without T) 

59. BREZD2inSUHIinKADinHZDRAinTZDRA (people without D2, with normal 
weight, smokers, with treated H, with treated T) 

60. BREZD2inSUHIinKADinHZDRAinTNEZDRA (people without D2, with normal 
weight, smokers, with treated H, with undiscovered T) 

 
-s*Tm427BREZD2inSUHIinKADinHZDRAinTZDRA=K427*e *BREZD2inSUHIinKADinHZDRAinTZDRA       (5.58)

BREZD2inSUHIinKADinHZDRAinTNEZDRA=K427a*BREZD2inSUHIinKADinHZDRAinTZDRA              (5.59)
BREZD2inSUHIinKADinHZDRAinBREZT=BREZD2inSUHIinKADinHZDRAinTZDRA-
-BREZD2inSUHIinKADinHZDRAinTZDRA-
-BREZD2inSUHIinKADinHZDRAinTNEZDRA                                                                                                    (5.60)

 

 
Tm427=4 
K427=0.35 
K427a=0 
 
 

61. BREZD2inSUHIinKADinHNEZDRAinBREZT (people without D2, with normal 
weight, smokers, with undiscovered H, without T) 

62. BREZD2inSUHIinKADinHNEZDRAinTZDRA (people without D2, with normal 
weight, smokers, with undiscovered H, with treated T) 

63. BREZD2inSUHIinKADinHNEZDRAinTNEZDRA (people without D2, with 
normal weight, smokers, with undiscovered H, with undiscovered T) 

 
BREZD2inSUHIinKADinHNEZDRAinTZDRA=K428a*BREZD2inSUHIinKADinHNEZDRA                      (5.61)
BREZD2inSUHIinKADinHNEZDRAinTNEZDRA=K428*BREZD2inSUHIinKADinHNEZDRA                  (5.62)
BREZD2inSUHIinKADinHNEZDRAinBREZT=BREZD2inSUHIinKADinHNEZDRA-
-BREZD2inSUHIinKADinHNEZDRAinTZDRA-
-BREZD2inSUHIinKADinHNEZDRAinTNEZDRA                                                                                           (5.63)

 

 



 22

K428a=0 
K428=0.25 
 
 

64. D2ZDRAinSUHIinKADinBREZHinBREZT (patients with treated D2, with 
normal weight, smokers, without H, without T) 

65. D2ZDRAinSUHIinKADinBREZHinTZDRA (patients with treated D2, with 
normal weight, smokers, without H, with treated T) 

66. D2ZDRAinSUHIinKADinBREZHinTNEZDRA (patients with treated D2, with 
normal weight, smokers, without H, with undiscovered T) 

 
D2ZDRAinSUHIinKADinBREZHinTZDRA=K429*D2ZDRAinSUHIinKADinBREZH                                  (5.64)
D2ZDRAinSUHIinKADinBREZHinTNEZDRA=K429a*D2ZDRAinSUHIinKADinBREZH                           (5.65)
D2ZDRAinSUHIinKADinBREZHinBREZT=D2ZDRAinSUHIinKADinBREZH-
-D2ZDRAinSUHIinKADinBREZHinTZDRA-
-D2ZDRAinSUHIinKADinBREZHinTNEZDRA                                                                                                (5.66)

 

 
K429=0.9 
K429a=0 
 
 

67. D2ZDRAinSUHIinKADinHZDRAinBREZT (patients with treated D2, with 
normal weight, smokers, with treated H, without T) 

68. D2ZDRAinSUHIinKADinHZDRAinTZDRA (patients with treated D2, with 
normal weight, smokers, with treated H, with treated T) 

69. D2ZDRAinSUHIinKADinHZDRAinTNEZDRA (patients with treated D2, with 
normal weight, smokers, with treated H, with undiscovered T) 

 
D2ZDRAinSUHIinKADinHZDRAinTZDRA=K430*D2ZDRAinSUHIinKADinHZDRA                                 (5.67)
D2ZDRAinSUHIinKADinHZDRAinTNEZDRA=K430a*D2ZDRAinSUHIinKADinHZDRA                          (5.68)
D2ZDRAinSUHIinKADinHZDRAinBREZT=D2ZDRAinSUHIinKADinHZDRA-
-D2ZDRAinSUHIinKADinHZDRAinTZDRA-
-D2ZDRAinSUHIinKADinHZDRAinTNEZDRA                                                                                                (5.69)

 

 
K430=0.95 
K430a=0 
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70. D2ZDRAinSUHIinKADinHNEZDRAinBREZT (patients with treated D2, with 

normal weight, smokers, with undiscovered H, without T) 
71. D2ZDRAinSUHIinKADinHNEZDRAinTZDRA (patients with treated D2, with 

normal weight, smokers, with undiscovered H, with treated T) 
72. D2ZDRAinSUHIinKADinHNEZDRAinTNEZDRA (patients with treated D2, 

with normal weight, smokers, with undiscovered H, with undiscovered T) 
 
D2ZDRAinSUHIinKADinHNEZDRAinTZDRA=K431a*D2ZDRAinSUHIinKADinHNEZDRA                     (5.70)
D2ZDRAinSUHIinKADinHNEZDRAinTNEZDRA=K432a*D2ZDRAinSUHIinKADinHNEZDRA                (5.71)
D2ZDRAinSUHIinKADinHNEZDRAinBREZT=D2ZDRAinSUHIinKADinHNEZDRA-
-D2ZDRAinSUHIinKADinHNEZDRAinTZDRA-
-D2ZDRAinSUHIinKADinHNEZDRAinTNEZDRA                                                                                            (5.72)

 

 
K431a=0 
K432a=0 
 
 

73. D2NEZDRAinSUHIinKADinBREZHinBREZT (patients with undiscovered D2, 
with normal weight, smokers, without H, without T) 

74. D2NEZDRAinSUHIinKADinBREZHinTZDRA (patients with undiscovered D2, 
with normal weight, smokers, without H, with treated T) 

75. D2NEZDRAinSUHIinKADinBREZHinTNEZDRA (patients with undiscovered 
D2, with normal weight, smokers, without H, with undiscovered T) 

 
D2NEZDRAinSUHIinKADinBREZHinTZDRA=K433a*D2NEZDRAinSUHIinKADinBREZH                     (5.73)
D2NEZDRAinSUHIinKADinBREZHinTNEZDRA=K433*D2NEZDRAinSUHIinKADinBREZH                  (5.74)
D2NEZDRAinSUHIinKADinBREZHinBREZT=D2NEZDRAinSUHIinKADinBREZH -
-D2NEZDRAinSUHIinKADinBREZHinTZDRA-
-D2NEZDRAinSUHIinKADinBREZHinTNEZDRA                                                                                            (5.75)

 

 
K433a=0 
K433=0.5 
 
 

76. D2NEZDRAinSUHIinKADinHZDRAinBREZT (patients with undiscovered D2, 
with normal weight, smokers, with treated H, without T) 

77. D2NEZDRAinSUHIinKADinHZDRAinTZDRA (patients with undiscovered D2, 
with normal weight, smokers, with treated H, with treated T) 

78. D2NEZDRAinSUHIinKADinHZDRAinTNEZDRA (patients with undiscovered 
D2, with normal weight, smokers, with treated H, with undiscovered T) 
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D2NEZDRAinSUHIinKADinHZDRAinTZDRA=K434a*D2NEZDRAinSUHIinKADinHZDRA                     (5.76)
D2NEZDRAinSUHIinKADinHZDRAinTNEZDRA=K435a*D2NEZDRAinSUHIinKADinHZDRA                (5.77)
D2NEZDRAinSUHIinKADinHZDRAinBREZT=D2NEZDRAinSUHIinKADinHZDRA -
-D2NEZDRAinSUHIinKADinHZDRAinTZDRA-
-D2NEZDRAinSUHIinKADinHZDRAinTNEZDRA                                                                                            (5.78)

 

 
K434a=0 
K435a=0 
 
 

79. D2NEZDRAinSUHIinKADinHNEZDRAinBREZT (patients with undiscovered 
D2, with normal weight, smokers, with undiscovered H, without T) 

80. D2NEZDRAinSUHIinKADinHNEZDRAinTZDRA (patients with undiscovered 
D2, with normal weight, smokers, with undiscovered H, with treated T) 

81. D2NEZDRAinSUHIinKADinHNEZDRAinTNEZDRA (patients with 
undiscovered D2, with normal weight, smokers, with undiscovered H, with 
undiscovered T) 

 
D2NEZDRAinSUHIinKADinHNEZDRAinTZDRA=K436a*D2NEZDRAinSUHIinKADinHNEZDRA           (5.79)
D2NEZDRAinSUHIinKADinHNEZDRAinTNEZDRA=K436*D2NEZDRAinSUHIinKADinHNEZDRA        (5.80)
D2NEZDRAinSUHIinKADinHNEZDRAinBREZT=D2NEZDRAinSUHIinKADinHNEZDRA -
-D2NEZDRAinSUHIinKADinHNEZDRAinTZDRA-
-D2NEZDRAinSUHIinKADinHNEZDRAinTNEZDRA                                                                                       (5.81)

 

 
K436a=0. 
K436=0.005 
 
 

82. BREZD2inDEBELIinKADinBREZHinBREZT (people without D2, obese, 
smokers, without H, without T) 

83. BREZD2inDEBELIinKADinBREZHinTZDRA (people without D2, obese, 
smokers, without H, with treated T) 

84. BREZD2inDEBELIinKADinBREZHinTNEZDRA (people without D2, obese, 
smokers, without H, with undiscovered T) 

 
BREZD2inDEBELIinKADinBREZHinTZDRA=K437*BREZD2inDEBELIinKADinBREZH                        (5.82)
BREZD2inDEBELIinKADinBREZHinTNEZDRA=K438*BREZD2inDEBELIinKADinBREZH                   (5.83)
BREZD2inDEBELIinKADinBREZHinBREZT=BREZD2inDEBELIinKADinBREZH -
-BREZD2inDEBELIinKADinBREZHinTZDRA-
-BREZD2inDEBELIinKADinBREZHinTNEZDRA                                                                                           (5.84)

 

 
K437=0.5 
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K438=0.0375 
 
 

85. BREZD2inDEBELIinKADinHZDRAinBREZT (people without D2, obese, 
smokers, with treated H, without T) 

86. BREZD2inDEBELIinKADinHZDRAinTZDRA (people without D2, obese, 
smokers, with treated H, with treated T) 

87. BREZD2inDEBELIinKADinHZDRAinTNEZDRA (people without D2, obese, 
smokers, with treated H, with undiscovered T) 

 
BREZD2inDEBELIinKADinHZDRAinTZDRA=K439*BREZD2inDEBELIinKADinHZDRA                           (5.85)
BREZD2inDEBELIinKADinHZDRAinTNEZDRA=K439a*BREZD2inDEBELIinKADinHZDRA                    (5.86)
BREZD2inDEBELIinKADinHZDRAinBREZT=BREZD2inDEBELIinKADinHZDRA-
-BREZD2inDEBELIinKADinHZDRAinTZDRA-
-BREZD2inDEBELIinKADinHZDRAinTNEZDRA                                                                                              (5.87)

 

 
K439=0.55 
K439a=0 
 
 

88. BREZD2inDEBELIinKADinHNEZDRAinBREZT (people without D2, obese, 
smokers, with undiscovered H, without T) 

89. BREZD2inDEBELIinKADinHNEZDRAinTZDRA (people without D2, obese, 
smokers, with undiscovered H, with treated T) 

90. BREZD2inDEBELIinKADinHNEZDRAinTNEZDRA (people without D2, 
obese, smokers, with undiscovered H, with undiscovered T) 

 
BREZD2inDEBELIinKADinHNEZDRAinTZDRA=K440a*BREZD2inDEBELIinKADinHNEZDRA                 (5.88)
BREZD2inDEBELIinKADinHNEZDRAinTNEZDRA=K440*BREZD2inDEBELIinKADinHNEZDRA             (5.89)
BREZD2inDEBELIinKADinHNEZDRAinBREZT=BREZD2inDEBELIinKADinHNEZDRA-
-BREZD2inDEBELIinKADinHNEZDRAinTZDRA-
-BREZD2inDEBELIinKADinHNEZDRAinTNEZDRA                                                                                           (5.90)

 

K440a=0 
K440=0.01 
 
 

91. D2ZDRAinDEBELIinKADinBREZHinBREZT (patients with treated D2, obese, 
smokers, without H, without T) 

92. D2ZDRAinDEBELIinKADinBREZHinTZDRA (patients with treated D2, obese, 
smokers, without H, with treated T) 

93. D2ZDRAinDEBELIinKADinBREZHinTNEZDRA (patients with treated D2, 
obese, smokers, without H, with undiscovered T) 

 



 26

D2ZDRAinDEBELIinKADinBREZHinTZDRA=K441*D2ZDRAinDEBELIinKADinBREZH                            (5.91)
D2ZDRAinDEBELIinKADinBREZHinTNEZDRA=K441a*D2ZDRAinDEBELIinKADinBREZH                     (5.92)
D2ZDRAinDEBELIinKADinBREZHinBREZT=D2ZDRAinDEBELIinKADinBREZH-
-D2ZDRAinDEBELIinKADinBREZHinTZDRA-
-D2ZDRAinDEBELIinKADinBREZHinTNEZDRA                                                                                               (5.93)

 

 
K441=0.97 
K441a=0 
 
 

94. D2ZDRAinDEBELIinKADinHZDRAinBREZT (patients with treated D2, obese, 
smokers, with treated H, without T) 

95. D2ZDRAinDEBELIinKADinHZDRAinTZDRA (patients with treated D2, obese, 
smokers, with treated H, with treated T) 

96. D2ZDRAinDEBELIinKADinHZDRAinTNEZDRA (patients with treated D2, 
obese, smokers, with treated H, with undiscovered T) 

 
D2ZDRAinDEBELIinKADinHZDRAinTZDRA=K442*D2ZDRAinDEBELIinKADinHZDRA                         (5.94)
D2ZDRAinDEBELIinKADinHZDRAinTNEZDRA=K442a*D2ZDRAinDEBELIinKADinHZDRA                  (5.95)
D2ZDRAinDEBELIinKADinHZDRAinBREZT=D2ZDRAinDEBELIinKADinHZDRA-
-D2ZDRAinDEBELIinKADinHZDRAinTZDRA-
-D2ZDRAinDEBELIinKADinHZDRAinTNEZDRA                                                                                              (5.96)

 

 
K442=0.97 
K442a=0 
 
 

97. D2ZDRAinDEBELIinKADinHNEZDRAinBREZT (patients with treated D2, 
obese, smokers, with undiscovered H, without T) 

98. D2ZDRAinDEBELIinKADinHNEZDRAinTZDRA (patients with treated D2, 
obese, smokers, with undiscovered H, with treated T) 

99. D2ZDRAinDEBELIinKADinHNEZDRAinTNEZDRA (patients with treated D2, 
obese, smokers, with undiscovered H, with undiscovered T) 

 
D2ZDRAinDEBELIinKADinHNEZDRAinTZDRA=K443a*D2ZDRAinDEBELIinKADinHNEZDRA              (5.97)
D2ZDRAinDEBELIinKADinHNEZDRAinTNEZDRA=K444a*D2ZDRAinDEBELIinKADinHNEZDRA         (5.98)
D2ZDRAinDEBELIinKADinHNEZDRAinBREZT=D2ZDRAinDEBELIinKADinHNEZDRA-
-D2ZDRAinDEBELIinKADinHNEZDRAinTZDRA-
-D2ZDRAinDEBELIinKADinHNEZDRAinTNEZDRA                                                                                         (5.99)

 

 
K443a=0 
K444a=0 
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100. D2NEZDRAinDEBELIinKADinBREZHinBREZT (patients with 
undiscovered D2, obese, smokers, without H, without T) 

101. D2NEZDRAinDEBELIinKADinBREZHinTZDRA (patients with 
undiscovered D2, obese, smokers, without H, with treated T) 

102. D2NEZDRAinDEBELIinKADinBREZHinTNEZDRA (patients with 
undiscovered D2, obese, smokers, without H, with undiscovered T) 

 
D2NEZDRAinDEBELIinKADinBREZHinTZDRA=K445a*D2NEZDRAinDEBELIinKADinBREZH            (5.100)
D2NEZDRAinDEBELIinKADinBREZHinTNEZDRA=K445*D2NEZDRAinDEBELIinKADinBREZH         (5.101)
D2NEZDRAinDEBELIinKADinBREZHinBREZT=D2NEZDRAinDEBELIinKADinBREZH-
-D2NEZDRAinDEBELIinKADinBREZHinTZDRA-
-D2NEZDRAinDEBELIinKADinBREZHinTNEZDRA                                                                                       (5.102)

 

 
K445a=0 
K445=0.005 
 
 

103. D2NEZDRAinDEBELIinKADinHZDRAinBREZT (patients with 
undiscovered D2, obese, smokers, with treated H, without T) 

104. D2NEZDRAinDEBELIinKADinHZDRAinTZDRA (patients with 
undiscovered D2, obese, smokers, with treated H, with treated T) 

105. D2NEZDRAinDEBELIinKADinHZDRAinTNEZDRA (patients with 
undiscovered D2, obese, smokers, with treated H, with undiscovered T) 

 
D2NEZDRAinDEBELIinKADinHZDRAinTZDRA=K446a*D2NEZDRAinDEBELIinKADinHZDRA          (5.103)
D2NEZDRAinDEBELIinKADinHZDRAinTNEZDRA=K447a*D2NEZDRAinDEBELIinKADinHZDRA     (5.104)
D2NEZDRAinDEBELIinKADinHZDRAinBREZT=D2NEZDRAinDEBELIinKADinHZDRA-
-D2NEZDRAinDEBELIinKADinHZDRAinTZDRA-
-D2NEZDRAinDEBELIinKADinHZDRAinTNEZDRA                                                                                     (5.105)

 

 
K446a=0. 
K447a=0. 
 
 

106. D2NEZDRAinDEBELIinKADinHNEZDRAinBREZT (patients with 
undiscovered D2, obese, smokers, with undiscovered H, without T) 

107. D2NEZDRAinDEBELIinKADinHNEZDRAinTZDRA (patients with 
undiscovered D2, obese, smokers, with undiscovered H, with treated T) 

108. D2NEZDRAinDEBELIinKADinHNEZDRAinTNEZDRA (patients with 
undiscovered D2, obese, smokers, with undiscovered H, with undiscovered T) 
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D2NEZDRAinDEBELIinKADinHNEZDRAinTZDRA=K448a*D2NEZDRAinDEBELIinKADinHNEZDRA              
                                                                                                               

-s*Tm448

                                                                (5.106)
D2NEZDRAinDEBELIinKADinHNEZDRAinTNEZDRA=K448*e *D2NEZDRAinDEBELIinKADinHNEZDRA  
                                                                                                                                                                               (5.107)
D2NEZDRAinDEBELIinKADinHNEZDRAinBREZT=D2NEZDRAinDEBELIinKADinHNEZDRA-
-D2NEZDRAinDEBELIinKADinHNEZDRAinTZDRA-
-D2NEZDRAinDEBELIinKADinHNEZDRAinTNEZDRA                                                                                 (5.108)
 
 
K448a=0. 
Tm448=5 
K448=0.35 
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2. The second modeling phase 
 
2.1 Development of strokes 
 
Output signalis from the first modeling phase participate to development of strokes as 
presented in eqn. (6.1). When the patients with stroke (MK) are evaluated, also those 
without this serious health complication (BREZMK) can be calculated (eqn. (6.2)): 
 
 

( ) ( ) ( )
108

T
i=1

MK= AT(t)*AA i * *y i                                                                                                         (6.1)

BREZMK=100-MK                                                   

ig s∑
                                                                             (6.2)

 

 
 
where yT(i) represents the i-th output signal from the first modeling phase, AT(t) is age 
dependent parameter, as illustrated in Fig. 6.1, and transfer functions gi(s) and parameters 
AA(i) are given as follows. 
 

 
 

Figure 6.1. Age – dependent parameter AT(t) 
 
 

( )
4

*TmMK1
1

TMK1/5* 1 *                                                                                                 (6.3)
TMK1* 1

ssg s e
s

−+⎛ ⎞=⎜ ⎟+⎝ ⎠
 

 
TMK1=35 
TmMK1=65 
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AA(1)=0.13 
 
 

( ) *TmMK2
2                                                                                                                                  (6.4)sg s e−=  

 
TmMK2=3 
AA(2)=0.15 
 
 

( ) *TmMK3
3                                                                                                                                 (6.5)sg s e−=  

 
TmMK3=10 
AA(3)=0.25 
 
 

( ) *TmMK4
4                                                                                                                                 (6.6)sg s e−=  

 
TmMK4=35 
AA(4)=0.025 
 
 

( ) *TmMK5
5                                                                                                                                  (6.7)sg s e−=  

 
TmMK5=35 
AA(5)=0.125 
 
 

( ) *TmMK6
6                                                                                                                                  (6.8)sg s e−=  

 
TmMK6=15 
AA(6)=0.125 
 
 

( ) *TmMK7
7                                                                                                                                  (6.9)sg s e−=  

 
TmMK7=45 
AA(7)=0.025 
 
 

( ) *TmMK8
8                                                                                                                                  (6.10)sg s e−=  

 
TmMK8=15 
AA(8)=0.11 
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A(9)=0.12 

 

 

 
 

 
A(30)=0.125 

 

A(31)=0.0187 

 

A(32)=0.0563 

 

( ) *TmMK9
9                                                                                                                                  (6.11)sg s e−=  

 
TmMK9=45 
A
 

( ) 1                         i=10, ,30                                                                                                      (6.12)ig s =  
 
AA(10)=0.1 
AA(11)=0.25 
AA(12)=0.25
AA(13)=0.1 
AA(14)=0.1 
AA(15)=0.275
AA(16)=0.25
AA(17)=0.1 
AA(18)=0.1 
AA(19)=0.1 
AA(20)=0.1 
AA(21)=0.1 
AA(22)=0.1 
AA(23)=0.1 
AA(24)=0.1 
AA(25)=0.6 
AA(26)=0.6 
AA(27)=0.65 
AA(28)=0.0164 
AA(29)=0.0164
A
 

( ) *TmMK31
31                                                                                                                                  (6.13)sg s e−=  

 
TmMK31=35 
A
 

( ) *TmMK32
32                                                                                                                                  (6.14)sg s e−=  

 
TmMK32=15 
A
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33 1                                                                                                                                     (6.15)g =  
 
AA(33)=0.225 

 

A(34)=0.0187 

 

A(35)=0.225 

 

A(36)=0.225 

 

 
A(37)=0.4 

 

 
A(38)=0.4 

 

A(39)=0.25 

 

 
A(40)=0.4 

 

( ) *TmMK34                                                                                                                                  (6.16)sg s e−=  34

 
TmMK34=45 
A
 

35 1                                                                                                                                     (6.17)g =  
 
A
 

( ) *TmMK36                                                                                                                                 (6.18)sg s e−=  36

 
mMK36=25 T

A
 

( ) *TmMK37                                                                                                                                 (6.19)sg s e−=  37

 
mMK37=50T

A
 

( ) *TmMK38                                                                                                                                 (6.20)sg s e−=  38

 
mMK38=50T

A
 

39 1                                                                                                                                    (6.21)g =  
 
A
 

( ) *TmMK40                                                                                                                                 (6.22)sg s e−=  40

 
mMK40=25T

A
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A(53)=0.25 
A(54)=0.3 

 
 

 
1                     ig =                                      i=41, ,54                                                                          (6.23) 

 
AA(41)=0.125
AA(42)=0.1 
AA(43)=0.25
AA(44)=0.1 
AA(45)=0.1 
AA(46)=0.1 
AA(47)=0.1 
AA(48)=0.1 
AA(49)=0.25
AA(50)=0.1 
AA(51)=0.1 
AA(52)=0.1 
A
A

( ) *TmMK55
55

1 *                                                                                                 (6.24)
TMK55 1

sg s e
s

−=
+

 

 
TmMK55=50 
TTMK55=15 

A(55)=0.0208 
 

mMK56=30 
A(56)=0.125 

 

A(57)=0.25 
 
 

A

 
(56g ) *TmMK56                                                                                                                                 (6.25)ss e−=  

 
T
A

 
57 1                                                                                                                                    (6.26)g =  

 
A

( ) *TmMK58
58

1 *                                                                                                 (6.27)
TMK58* 1

sg s e
s

−=
+

 

 
TmMK58=40 
TTMK58=15 

A(58)=0.0069 A
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( ) *TmMK59
59

1 *                                                                                                 (6.28)
TMK59* 1

sg s e
s

−=
+

 

 
TmMK59=30 
TTMK59=10 

A(59)=0.0417 
 

7 
A(62)=0.125 
A(63)=0.25 

 

mMK64=10 
A(64)=0.0625 

 

mMK65=10 
A(65)=0.5 

 

A(66)=0.25 
 

mMK67=10 
A(67)=0.0208 

 

mMK68=10 

A

 
1                                                          i=60, ,63                                                                          (6.29) ig =

 
AA(60)=0.25 
AA(61)=0.041
A
A

 
(64g s) *TmMK64                                                                                                                                 (6.30)se−=  

 
T
A

 
(65g ) *TmMK65                                                                                                                                 (6.31)ss e−=  

 
T
A

 
66 1                                                                                                                                    (6.32)g =  

 
A

 
(67g s) *TmMK67                                                                                                                                 (6.33)se−=  

 
T
A

 
(68g ) *TmMK68                                                                                                                                 (6.34)ss e−=  

 
T
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AA(68)=0.5 
 

 
5 

 

 
A(77)=0.1 
A(78)=0.1 

 
 

 
1                                                          i=69, ,78                                                                          (6.35) ig =

 
AA(69)=0.25
AA(70)=0.03
AA(71)=0.1 
AA(72)=0.1 
AA(73)=0.25
AA(74)=0.1 
AA(75)=0.1 
AA(76)=0.04
A
A

( ) *TmMK79
79

1 *                                                                                                 (6.36)
TMK79* 1

sg s e
s

−=
+

 

 
TmMK79=30 
TTMK79=25 

A(79)=0.77 
 

A(80)=0.1 
A(81)=0.1 

 
 

A

 
1                     ig =                                      i=80, 81                                                                                    (6.37) 

 
A
A

( ) *TmMK82
82

1 *                                                                                                 (6.38)
TMK82* 1

sg s e
s

−=
+

 

 
TmMK82=0 
TTMK82=25 

A(82)=0.6 
 

mMK83=2.5 
A(83)=0.6 

 

A

 
(83g s) *TmMK83                                                                                                                                 (6.39)se−=  

 
T
A
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84 1                                                                                                                                    (6.40)g =  
 
AA(84)=0.6 

( )85
1                                                                                                                 (6.41)

TMK85* 1
g s

s
=

+
 

 
TTMK85=25 

A(85)=0.6 
 
 

A

( )86
1                                                                                                                 (6.42)

TMK86* 1
g s

s
=

+
 

 
TTMK86=30 

A(86)=0.6 
 

A(87)=0.6 
 

mMK88=10 
A(88)=0.6 

 

7 
A(104)=0.125 

A

 
87 1                                                                                                                                    (6.43)g =  

 
A

 
(88g ) *TmMK88                                                                                                                                 (6.44)ss e−=  

 
T
A

 
1         g =                                                  i=89, , 105                                                                                   (6.45) i

 
AA(90)=0.6 
AA(91)=0.9 
AA(92)=0.73 
AA(93)=0.7 
AA(94)=0.9 
AA(95)=0.73 
AA(96)=0.75 
AA(97)=0.25 
AA(98)=0.25 
AA(99)=0.25 
AA(100)=0.25 
AA(101)=0.25 
AA(102)=0.25 
A
A

A(103)=0.041
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AA(105)=0.25 
 
 

( )
3

106
1                                                                                                            (6.46)

TMK106* 1
g s

s
⎛ ⎞=⎜ ⎟+⎝ ⎠

 

 
TTMK106=30 

A(106)=0.45 
 

A(107)=0.25 
A(108)=0.8 

 
 

A

 
1                   ig =                                        i=107, 108                                                                                           (6.47) 

 
A
A
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2.2 Development of peripheral arterial-vascular disease 
 
The next observed health complication is peripheral arterial-vascular disease (PAVD). 
The model description is in the same form as for MK: 
 
 

( ) ( ) ( )
108 108

i T
i=1 i=1

1PAVD= PAVD= AT(t)*AA i * *y i                                                                                             (7.1)
2.25i ig s∑ ∑  

 
 

 
Figure 7.1. Age dependent parameters ATi(t), 

i=1,...,63,66,69,...,78,80,...,90,93,96,...,108 
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Figure 7.2. Age-dependent parameters ATi(t), 

i=64,65,67 
 
 

 
Figure 7.3. Age dependent parameters ATi(t), 

i=79,91,92,94,95 
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( )
5

1
1                                                                                                          (7.2)

TPAZB1* 1
g s

s
⎛ ⎞=⎜ ⎟+⎝ ⎠

 

 
TPAZB1=20 
AA(1)=0.18 
 
 

( )
5

-s*TmPAZB2
2

1 *e                                                                                                          (7.3)
TPAZB2* 1

g s
s

⎛ ⎞=⎜ ⎟+⎝ ⎠
 

 
TmPAZB2=35 
TPAZB2=18 
AA(2)=0.19 
 
 

( )
5

-s*TmPAZB3
3

1 *e                                                                                                          (7.4)
TPAZB3* 1

g s
s

⎛ ⎞=⎜ ⎟+⎝ ⎠
 

 
TmPAZB3=34 
TPAZB3=17 
AA(3)=0.20 
 
 

( )
5

-s*TmPAZB4
4

1 *e                                                                                                          (7.5)
TPAZB4* 1

g s
s

⎛ ⎞=⎜ ⎟+⎝ ⎠
 

 
TmPAZB4=33 
TPAZB4=18 
AA(4)=0.02 
 
 

( )
5

-s*TmPAZB5
5

1g s = *e                                                                                                           (7.6)
TPAZB5*s+1
⎛ ⎞
⎜ ⎟
⎝ ⎠

 

 
TmPAZB5=32 
TPAZB5=20 
AA(5)=0.03 
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