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Abstract 

Hypertension is offered as a major problem of curative healthful in the 
world. On the following of affliction to Hypertension, sufficient control of it has 
special validity; one of them is pharmacotherapy in this research, repeated game 
theory model based decision making used for finding of optimum strategy of 
antihypertensive medication during one year. B-blockers are choice prescription 
for control of blood pressure in hypertensive patients. But increase in blood lipid 
level must be considered as a side effect of b-blockers. All needed information of 
patients gathered from pubmed articles from 1979 to 2005. These models 
evaluated between atenolol (100mg/day) and propranolol (160mg/day) for two 
continuous using periods. For modeling we used of patients information at three 
different time interval (3, 6 and 12 months) after treatment onset. To analyze the 
game we determine the equilibrium points. On the base repeated game, we 
propose consumption of atenolol for three month and then use of a propranolol as 
a b-blocker for reminder of one year as an optimum strategy of blood pressure 
control with lowest side effect. 

Keywords: B-blockers, Blood lipid, Game theory, Hypertension, Nash 
equilibrium 
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1 Introduction 
 
Hypertension is offered as a major problem of curative healthful in the 

world [1]. Now control and curative of this noninfectious disease was in attention 
of many persons and has high value, hypertension increase the risk of heart and 
vascular disease and brain vascular [2] and kidney diseases [3]. Even the outbreak 
of the disease hypertension observed in the developing country [4], and it seems 
that increase of urbanism and by following of it the sufficient inactive and use of 
foods with high lipid and high diabetes and also increasing of received calorie has 
important role in intensification of this disease [5]. On the following of affliction 
to hypertension, sufficient control of it has special validity, far reaching to 
minimum level of creating side effect because of hypertension. Also there are 
clear techniques for curing the hypertension, that one of them is pharmacotherapy 
[6].  

The purpose of this paper is to determine improved time using of the two 
normal and fixed atenolol and propranolol based on repeated game model. In this 
research such a game is planned between the two physician's and disease’s player. 
The physician can apply two types do strategy (using time and drug's changes) in 
disorder's treatment. It's better that identify if the patient's blood Pressure is not 
determined by a recommended drug and during a distinct period which needs a 
chance in the kind of drug and the next period using it, how a physician should 
recommend the two atenolol and propranolol for two periods according to the 
time of usage to result the most blood pressure reduction and the least side effect. 

Use of different kind of strategies for curing hypertension was reported in 
the review paper that printed by Mourad et al in 2004 [7]. This scientific pointed 
to three strategies. This research use of second strategy, just by little change and 
offered it in the kind of game.  

 

2 Game Model 
 

In this strategy physician as a firs player can at first recommend the dose 
100 mg/day of atenolol drug to the patient (strategy A) or used of dose 160 
mg/day of the propranolol drug (strategy C). Physician use of it for curing in the 
periods of three (strategy D), six (Strategy E) or twelve months (Strategy F), but 
the second player as the disease, responses by attention to the strategy that choose 
by physician. And it's included reduction of blood pressure and increase of blood 
triglyceride. The physician is searched for the Equilibrium point of the game by 
disease that happened in it more reduction of blood pressure and the lowest side 
effect. If the pay off result from this game included the percent of reduction of 
blood pressure against the percent of increase of blood triglyceride, we can shown 
the game to the expanded form look like the following.  
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Table 1:  Matrix of Payoffs 

                                       Player 2 

      F                                     E                                   D 
          

 

19.08, 17.98                    22.68 , 24.45                     9.6 , 24 

19.03,16.74                     20.48,34.02                       12.8,51 

A 
Player 1 

C 

If the two players (1 and 2) do the above stage two times, the play will have 
six sub games. The results of that will be taken as a below two stages repeated 
game by attention to (the gradient of each line) fall factor. 

1. Sub game after choosing (A, D) is like below: 

 
Figure 1: Diagram of Sub game after choosing (A, D) 

Its strategic form is look like following: 

Table 2: Matrix of Payoffs after choosing (A, D) 

                                       Player 2 

      F                                     E                                   D 
          

 

11.63, 13.48                  10.23, 11.86               15.33, 11.98 

15.08, 12.62                  14.77, 7.09                    16.39, 1.66 

A 
Player 1 

C 

 

 (  C, F)'s strategy in this game is nash equilibrium, it means that if the 
propranolol drugs with using dose 160 mg/day recommended for twelve months 
by physician, it result in the most reduction of blood pressure with the lowest 
increase of blood triglyceride. 

2. Sub game after choosing (A, E) is like below: 
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Figure 2: Diagram of Sub game after choosing (A, E) 

Its strategic form is look like following: 

Table 3: Matrix of Payoffs after choosing (A, E) 

                                       Player 2 

      F                                     E                                   D 
          

 

15.23, 19.95               13.83, 18.33                   18.93, 18.45 

18.68, 19.09                18.37, 13.56                    19.99, 8.13 

A 
Player 1 

C 

 

(  C, F)'s strategy in this game is nash equilibrium, it means that if the 
propranolol drugs with using dose 160 mg/day recommended for twelve months 
by physician, it result in the most reduction of blood pressure with the lowest 
increase of blood triglyceride. 

3. Sub game after choosing (A, F) is like below: 

 
Figure 3: Diagram of Sub game after choosing (A, F) 

Its strategic form is look like following: 
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Table 4 Matrix of Payoffs after choosing (A, F) 

                                       Player 2 

      F                                     E                                   D 
          

 

2.15, 19.5                       0.75, 17.88                    5.85, 18   

5.6, 18.64                       5.29, 13.11                    6.91, 7.68 

A 
Player 1 

C 

 (  C, F)'s strategy in this game is nash equilibrium, it means that if the 
propranolol drugs with using dose 160 mg/day recommended for twelve months 
by physician, it result in the most reduction of blood pressure with the lowest 
increase of blood triglyceride. 

4. Sub game after choosing (C, D) is like below: 

 
Figure 4: Diagram of Sub game after choosing (C, D) 

Its strategic form is look like following: 

Table 5: Matrix of Payoffs after choosing (C, D) 

                                       Player 2 

      F                                     E                                   D 
          

 

11.58, 12.24                10.18, 10.62                  15.28, 10.74   

15.03, 11.38                 14.72, 5.85                  16.34, 0.42 

A 
Player 1 

C 

 

(  C, F)'s strategy in this game is nash equilibrium, it means that if the 
propranolol drugs with using dose 160 mg/day recommended for twelve months 
by physician, it result in the most reduction of blood pressure with the lowest 
increase of blood triglyceride. 

5. Sub game after choosing (C, E) is like below: 
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Figure 5: Diagram of Sub game after choosing (C, E) 

Its strategic form is look like following: 

Table 6: Matrix of Payoffs after choosing (C, E) 

                                       Player 2 

      F                                     E                                   D 
          

 

13.03, 29.52                 11.63, 27.90                 16.73, 28.02   

16.48, 28.66                16.17, 23.13                  17.79, 17.7 

A 
Player 1 

C 

 (  C, F)'s strategy in this game is nash equilibrium, it means that if the 
propranolol drugs with using dose 160 mg/day recommended for twelve months 
by physician, it result in the most reduction of blood pressure with the lowest 
increase of blood triglyceride. 

6. Sub game after choosing (C, F) is like below: 

 
 Figure 6: Diagram of Sub game after choosing (C, F) 

 

Its strategic form is look like following: 
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Table 7: Matrix of Payoffs after choosing (C, F) 

                                       Player 2 

        F                                   E  
D           

 

5.35, 46.50                    3.95, 44.88                      9.05, 45   

8.80, 45.64                  8.49, 40.11                    10.11, 34.68 

A 
Player 1 

C 

 

(  C, F)'s strategy in this game is nash equilibrium, it means that if the 
propranolol drugs with using dose 160 mg/day recommended for twelve months 
by physician, it result in the most reduction of blood pressure with the lowest 
increase of blood triglyceride. 

The final form of each sub games achieved separately after the examining 
of the 6 above sub game and by attention their equilibrium. 

 
Figure 7: diagram of 6 sub games 

Its strategic form is look like following: 

Table 8: Matrix of Payoffs in 6 sub game  

                                       Player 2 

      F                                     E                                   D 
          

 

16.39, 1.66                 19.99, 8.13                    6.91, 7.68 

16.34, 0.42                17.79, 17.7                   10.11, 34.68 

A 
Player 1 

C 
As you notice (A, D) is the nash equilibrium that means if the treatment of the 
disease begins first with 100 mg/day atenolol for three months and then the 
physician recommends 160 mg/day proprnolol for one year, there is the most 
reduction in blood pressure with the least side effect of increased blood 
triglyceride. 
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3 Results 
 
In this pharmacotherapy research, the patient with the first blood pressure 

by the beta-blocker drugs for treatment of the disease, this is planned and 
evaluated as an improved game between a physician and disease. The physician 
used the different strategy, dose and the duration of drug’s taking for the 
treatment. The disease responded according to the chosen strategy by the 
physician which includes reduction of blood pressure and increasing of blood 
lipid. In this game the physician looks for the equilibrium point game with the 
disease in which occur the most blood pressures reduction and the least increasing 
of the drug’s side effects. All needed information of patients gathered from 
pubmed articles from 1979 to 2005. These models evaluated between atenolol 
(100mg/day) and propranolol (160mg/day) for two continuous using periods. 
Optimum strategy of the control of the blood pressure by considering the side 
effect of the increasing of the lipid blood, commended the starting the recovering 
of the disease by use of 100 mg/day atenolol as a beta-blocker for three months 
then continue of the recovery by use of 160 mg/day propranolol drug for one year. 
 
References 
 

[1] J. He, P. K. Whelton, Epidemiology and prevention of hypertension, Med Clin 
North Am, 81(1997), 1077-1097. 

[2] R. Padwal, S. E. Straus, F. A. McAlister, Evidence based management of 
hypertension, cardiovascular risk factors and their effects on the decision to treat 
hypertension: evidence based review, BMJ, 322(2001), 977-80.                                                                

[3] W. B. Kannel, lood pressure as a cardiovascular risk factor: prevention and 
treatment, JAMA, 275(1996), 1571-1576. 

[4] A. Nissien, S. Bothig, H. Grenroth, A. D. Lopez, Hypertension in developing  
countries, World Health Stat Q, 41(1988), 141-154. 

[5] R. Mohan, Urbanization in India. Pattern and emerging policy issues In: 
Gughler J. The urban transformation of the developing world, New York: Oxford 
University Press, 1996, 93-131.                                                                                                                   

[6] A. V. Chobanian, G. l. Bakris, H. R. Black, W. C. Cushman, L. A. Green, J. L. 
lzzo, The seventh report of the joint national committee on prevention, detection, 
evaluation, and treatment of high blood pressure, JAMA, 289(2003), 2560-2572. 

[7] J. J. Mourad, B. Waeber, F. Zannad, M. Laville, M. Andrejak, Comparison of 
different therapeutic strategies in hypertension: a low-dose combination of 
perindopril/ indapamide versus a sequential monotherapy or a stepped- care 
approach, behalf of the investigators of the STRATHE trial, 22(2004), 2379-2386. 

Received: February, 2011 


