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ABSTRACT 

Article History: 
World Health Organization (WHO) latest reports about hypertension as a global health 

problem, due to a spike in cases. One of the roles of mathematics in health is to provide 

information about the increase in hypertension sufferers. Using a deterministic model is 

supposed to provide information that can explain how the cases increase. The deterministic 

model used is divided into two equations. The first equation uses k as a constant. Second, is 

p for p < 1 and p > 1. The results from both equations are in the form of a logistic curve 

and show simulation results are similar to condition data for hypertension sufferers. In 

addition, the extended deterministic model with p <1 indicates that hypertension sufferers 

increase exponentially, thus an intervention step is needed. 
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1. INTRODUCTION 

The current hypertension has become a global problem [1]. Based on the World Health Organization 

(WHO) reports, which shows an increase in hypertension cases in various countries. One of them is that 

Indonesia has increased cases, since 2000 there have been 30% of sufferers, and increase to 40% in 2020. 

Furthermore, the grouping is divided into 45% women and 36% men with an age range of 30-79 years [2]. 

In the same report by the Ministry of Health Indonesian (KEMENKES), hypertension sufferers in 2013 were 

25.8% and increased to 34.1% in 2018 [3]. Generally, hypertension reports released by the WHO and the 

Ministry of Health Indonesian, are based on data analysis by applying statistic method. Used penalized spline 

method produces a model accuracy of 96% [4]. Another study reported the application of a logistic regression 

model to analyze factors causing hypertension. The result shows model accuracy of 85.2% for logistic, and 

81.5% for Gompertz model [5]. 

The previously mentioned methods are also deterministic methods, according to [6][7][8][9], if the 

initial conditions of a phenomenon are known, the final conditions can be known. Use of deterministic 

methods for hypertension cases, by applying differential equations. Simply stated 𝑥(𝑡) and 𝑦(𝑡) are an 

individual with certain symptoms (infected) for a period (t). So it is written as 𝑥(𝑡) + 𝑦(𝑡) = 𝑁, where 𝑥(𝑡) 

is rate of change in the number of individuals with symptoms [10][11][12]. Referring to the previous 

description, the differential equation informs the rate of change in disease over time. The differential form is 

expressed with the notation 𝑑𝑥/𝑑𝑡, which means the rate of change in function 𝑥 from time to time 𝑡. That 

matter explains the patient's rate can be measured by increasing changes in 𝑑𝑡 time. Supposing 𝑑𝑥/𝑑𝑡 be the 

instantaneous rate of change of susceptible individuals (𝑡), and 𝑁 be the size of the population, and 𝛽 be the 

rate of transmission. That equation certainly makes the relationship clear, as the rate of infection depends on 

the number of susceptible individuals, and infected individuals at a certain time, and 𝛽 is constant. As for 𝛽 

is the product of the average number of contacts per individual per unit of time, and the probability of 

transmission between susceptible and infected individuals. However, the 𝛽 parameter can be calibrated to the 

disease case being observed [13]. 

Data on the increasing number of hypertension sufferers shown by WHO and the Ministry of Health, 

when viewed from a mathematical perspective, can provide assistance and play an important role in deciding 

how resources can be allocated. That can be seen from the explanation of the deterministic model by previous 

researchers, the equation provides an understanding of reducing the spread or increase of a disease. Through 

interventions to reduce the rate of 𝛽 disease, as evidenced by reports [14][15] regarding interventions for a 

disease such as maintaining distance or wearing masks. Besides, considering the rate of decline in the number 

of individuals suffering from the disease and related to recovery. Then intervention in the form of treatment 

to reduce the number of sufferers of the disease can help [16]. Based on previous reviews, the application of 

deterministic methods to hypertension cases is very important to study. Because it can provide information 

in the form of predictions of hypertension development. The information produced is a basis for policy 

making or matters related to recommendations for hypertension mitigation control measures. 

2. RESEARCH METHODS 

Hypertension data used in this study is sourced from the Public Health Office (DINKES) North 

Halmahera. Data on hypertension was chosen because it is included in the top ten diseases from 2016 to 2023. 

The flow of mathematical model selection in this study is shown in Figure 1, and the review is as follows. 

Initially by making a plot of the distribution of hypertension disease data to see the data pattern and choose a 

model based on the pattern. The chosen model is deterministic because the data shows an increase in 

hypertension sufferers. This model is divided into two, the first is a simple model with the constant 𝑘, and 

the second is 𝑝 as a constant. Comparing errors aims to see the level of error of the two models, and the final 

stage is the interpretation of the two models. 
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Figure 1. Research Flow 

 

Based on the simple description of the deterministic model in the introduction, then according to [17] 

and [18] for differential form is:  
𝑑𝑥

𝑑𝑡
= 𝛽𝑥𝑦                                                                                 (1) 

 

Equation (1), 𝛽 is constant (proportionality), 𝑦 = 𝑁 − 𝑥, then the equation (1) 𝑑𝑥 𝑑𝑡⁄ = 𝑘𝑥𝑦 𝑓(𝑥) with 

𝑓(𝑥) = 𝑁 − 𝑥; 𝑓(𝑥) = 𝑥 − 𝑁; 𝑓(𝑥) = 1 − 𝑥 𝑁⁄  to 
𝑑𝑥

𝑑𝑡
= 𝑘𝑥 (1 −

𝑥

𝑁
). Then change it into integral 

form ∫
1

𝑥(1−
𝑥

𝑁
)

𝑑𝑥 = ∫ 𝑘 𝑑𝑡 become ∫
𝑁 𝑑𝑥

𝑁 𝑥−𝑥2 = ∫ 𝑘 𝑑𝑡. Then apply partial solving 
𝑁

𝑥(𝑁−𝑥)
=

𝐴

𝑥
+

𝐵

𝑁−𝑥
 then 

𝑁

𝑥(𝑁−𝑥)
=

𝐴(𝑁−𝑥)+𝐵(𝑥)

𝑥(𝑁−𝑥)
 into 𝑁 = 𝐴(𝑁 − 𝑥)𝐵𝑥 (for 𝑥 = 0 → 𝑁 = 𝐴(𝑁 − 0) + 𝐵0 → 𝑁 = 𝑁𝐴 → 𝐴 = 1 and 

𝑥 = 𝑁 → 𝑁 = 𝐴(𝑁 − 𝑁) + 𝑁𝐵 → 𝑁 = 𝑁𝐵 → 𝐵 = 1) so that 
𝑁

𝑥(𝑁−𝑥)
=

1

𝑥
+

1

𝑁−𝑥
 and 𝑘 = 𝛽𝑁, by applying 

variable separation technique in the solution [19][20], produce ∫ (
1

𝑥
+

1

𝑁−𝑥
) 𝑑𝑡 = ∫ 𝑘 𝑑𝑡. The integral result 

is 𝑙𝑛 𝑥 − 𝑙𝑛 (𝑁 − 𝑥) = 𝑘𝑡 + 𝑐, then changed with the properties of logarithms 𝑙𝑛 |
𝑥

𝑁−𝑥
| = 𝑘𝑡 + 𝑐, then 

exponentially 
𝑥

𝑁−𝑥
= 𝑒𝑘𝑡+𝑐. Referring to the exponentiation properties of the previous equation it becomes 

𝑥

𝑁−𝑥
= 𝑒𝑐𝑒𝑘𝑡, form an equation 𝑥 = (𝑁 − 𝑥)𝐶𝑒𝑘𝑡 due to the traffic transfer rules. Then referring to the 

distributive property 𝑥(1 + 𝐶𝑒𝑘𝑡) = 𝑁 𝐶𝑒𝑘𝑡 to form 𝑥(𝑡) =
𝑁𝐶𝑒𝑘𝑡

1+𝐶𝑒𝑘𝑡, because 𝑡 = 0 and 𝑥(0) = 𝑥0 as a 

preliminary condition, then 𝑥0 =
𝑁𝐶

1+𝐶
 and produce 𝐶 =

𝑥0

(𝑁−𝑥0)
. Substitute the value of 𝐶 into the result of the 

distributive property and you will obtain a particular solution 𝑥
𝑁(

𝑥0
𝑁−𝑥0

)𝑒𝑘𝑡

1+(
𝑥0

𝑁−𝑥0
)𝑒𝑘𝑡

. As for the simple form of the 

special solution, 𝑥 =
𝑁 𝑥0𝑒𝑘𝑡

𝑥0𝑒𝑘𝑡+𝑁−𝑥0
 then multiply 

𝑒−𝑘𝑡

𝑒−𝑘𝑡 become 𝑥 =
𝑁 𝑥0𝑒𝑘𝑡𝑒−𝑘𝑡

(𝑥0𝑒𝑘𝑡+𝑁−𝑥0)𝑒−𝑘𝑡 rephrase d𝑥 =

𝑁 𝑥0𝑒𝑘𝑡+(−𝑘𝑡)

(𝑥0𝑒𝑘𝑡+𝑁−𝑥0)𝑒−𝑘𝑡 or 𝑥 =
𝑁 𝑥0𝑒0

(𝑥0𝑒𝑘𝑡+𝑁−𝑥0)𝑒−𝑘𝑡. Remembering the rules of exponents 0, that is, every number is not 

0 raised to the power of 0 is 1. If 𝑒0 = 1, then the previous equation becomes 𝑥 =
𝑁 𝑥0

(𝑥0𝑒𝑘𝑡+𝑁−𝑥0)𝑒−𝑘𝑡 if 

(𝑥0 + (𝑁 − 𝑥0))𝑒−𝑘𝑡 and applying the distributive addition property yields 𝑥 =
𝑁 𝑥0

(𝑥0𝑒𝑘𝑡𝑒−𝑘𝑡+𝑁 𝑒−𝑘𝑡−𝑥0𝑒−𝑘𝑡)
 

and explained further 𝑥 =
𝑁 𝑥0

(𝑥0𝑒𝑘𝑡+(−𝑘𝑡)+𝑁 𝑒−𝑘𝑡−𝑥0𝑒−𝑘𝑡)
 in the end is 𝑥 =

𝑁 𝑥0

(𝑥0𝑒0+𝑁 𝑒−𝑘𝑡−𝑥0𝑒−𝑘𝑡)
. Referring to the 

previous review of exponential rules, then forms an equation 𝑥 =
𝑁 𝑥0

(𝑥0+𝑁 𝑒−𝑘𝑡−𝑥0𝑒−𝑘𝑡)
 then divided 

𝑥0

𝑥0
 produce 

shape 𝑥 =
𝑁

(
𝑥0
𝑥0

+
𝑁 𝑒−𝑘𝑡

𝑥0
−

𝑥0𝑒−𝑘𝑡

𝑥0
)
 The following stage is to describe it again into 𝑥 =

𝑁

1+
𝑁

𝑥0
𝑒−𝑘𝑡−𝑒−𝑘𝑡

 and ultimately 

produces the following equation form 2. 

𝑥 =
𝑁

1 + (𝑁/𝑥0 − 1)𝑒−𝑘𝑡
                                                                      (2) 
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The output Equation (2) is a logistic curve, with 𝒌 as a constant parameter. If 𝒙(𝟎) = 𝒙𝟎 (Equation 

(2)), causes 𝒅𝒙/𝒅𝒕 to always change with 𝒕, then output an epidemiology model. The basic assumption is 

that changes in hypertension sufferers occur over a certain time interval (𝒅𝒙 𝒅𝒕 𝒙⁄⁄ ), until 
𝒅𝒙

𝒅𝒕
= 𝒌𝒙 (𝟏 −

𝒙

𝑵
) 

undergoes a change in the form of expansion [17] into: 

 

𝒅𝒙

𝒅𝒕
= 𝒌𝒙 (𝟏 − (

𝒙

𝑵
)

𝒑

)                                                                      (𝟑) 

 

The parameter 𝒑 can be varied and is a positive constant, and shows an exponential curve 𝒅𝒙 𝒅𝒕⁄  which 

changes with 𝒕. Based on the previous description, if 𝒑 = 𝟏 then Equation (3) is the same as Equation (2) 

and produces a logistic form. Where 𝒖 = (𝒙 𝑵⁄ )𝒑, so Equation (3) becomes: 

∫
𝟏

𝒖(𝟏 − 𝒖)
𝒅𝒖 = ∫ 𝒑𝒌 𝒅𝒕                                                                    (𝟒) 

Then the solution to Equation (4), solved by applying variable separation as described in Equation 

(1), produces: 

𝒙 =
𝑵

(𝟏 + 𝑨𝒆−𝒑𝒌𝒕)𝟏 𝒑⁄
                                                                         (𝟓) 

By applying the initial condition 𝒙(𝟎) = 𝒙𝟎 to Equation (5), and 𝑨 is a constant the final form of the 

equation is: 

𝒙 =
𝑵

(𝟏 + ((𝑵 − 𝒙𝟎)𝒑 − 𝟏)𝒆−𝒌𝒕)𝟏/𝒑
                                                           (𝟔) 

Equation (6) is the model used to analyze hypertension data, besides that it is continued with error 

analysis from the model referring to [21]. 

𝑬 =
√∑ (�̂�𝒊 − 𝒙𝒊)𝒏

𝒊=𝟏
𝟐

𝑵
                                                                         (𝟕) 

In Equation (7), where the variable 𝑥𝑖 is the hypertension data, while 𝑥𝑖 is the value produced by Equation 

(2) and Equation (6), then 𝑁 is the number of data. 

3. RESULTS AND DISCUSSION 

The hypertension data for North Halmahera regency is summarized in Table 1, and the data shows an 

increase even though there was a decrease in cases in 2017 and 2023. 

Table 1. Hypertension Data 

Years 

Month 
Total Case 

Number  1 2 3 4 5 6 7 8 9 10 11 12 

2016 493 515 530 561 615 626 673 683 698 732 757 798 7681 

2017 150 525 579 520 508 625 570 499 645 546 354 211 5732 

2018 458 510 542 571 596 600 617 642 687 701 721 758 7403 

2019 458 515 732 755 787 821 830 864 883 900 930 947 9422 

2020 17 197 668 254 202 344 313 205 514 350 416 220 3700 

2021 431 475 496 533 562 587 591 621 635 678 691 700 7000 
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Years 

Month 
Total Case 

Number  1 2 3 4 5 6 7 8 9 10 11 12 

2022 540 600 675 717 739 786 789 810 816 845 910 935 9162 

2023 556 757 874 997 1000 1034 1058 1098 1121 1134 1176 1198 12003 

Source: Public Health Office (DINKES) North Halmahera. 

 

Before applying Equation (6) for analysis data Table 1, initially by finding 𝑘 from the results of the 

integral equation discussed in the introduction. As of 𝑘 = 𝑙𝑛(𝑁 − 𝑥) − 𝑙𝑛 𝑥 then 𝑘 = 1.945. Whereas the 

parameter 𝑝 is a positive constant, in the form of 𝑝 > 1 and 𝑝 < 1 [17]. The application of Equation (2) to 

analyze the data in Table 1, shows the logistic model as follows: 

𝑥 =
62103

1 + (62103/𝑥0 − 1)𝑒−1.945𝑡
                                                             (8) 

The output of model Equation (8) with 𝐸 = 0.244 the same as the study results [17], and interpreting 

it from the start has shown improvement until it reaches the balance point. The research report [22] informs 

the study of mathematical models of hypertension cases with mechanical and biochemical factors. The result 

is a strong interaction between two factors, proven through data analysis by the phenomenon of endothelial 

dysfunction and the graphic output is the same as Figure 2. The studies [23] prove the results of the 

mathematical model, the study of arterial walls in the form of a logistic curve by experimental data for the 

same case. Previously [24] stated that the results of mathematical models for the study of arterial structure 

related to hypertension provide accurate information about this disease. 

 
Figure 2. The Curve of Equation (8) 

 

The mathematical model solution produced by Equation (6) for the case of hypertension is written 

into Equation (9) as follows: 

𝑥 =
62103

(1 + ((62103 − 𝑥0)0.5 − 1)𝑒−1.945.𝑡)1/0.5
                                                      (9) 

Referring to Equation (9) with 𝑝 = 0.5 meaning that initially hypertension sufferers slowed down, 

then experienced an exponential increase and 𝐸 = 0.073 (Figure 3). 
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Figure 3. Output of Equation (9) with 𝒑 =  𝟎. 𝟓, and Shows an Increase in Hypertension Sufferers 

 

The results of this study are in line with the report [17], according to him, from the beginning the spread 

of the disease slowed down and then it would increase exponentially quickly (𝑝 < 1). Previous research [25] 

reports if it is constant 𝜉0 < 1, then there will be a spike in disease cases as in Figure 3, due to lack of 

prevention. Contrariwise 𝜉0 > 1 the spread of disease will reach its highest value, and has the same meaning 

as fission with 𝑝 > 1 in this research (Figure 4). 

The same model as Equation (9) but with 𝑝 = 1, which is shown by the Equation (10) and 𝐸 = 0.107 

as well as in graphic form Figure 4. 

𝑥 =
62103

(1 + ((62103 − 𝑥0)1 − 1)𝑒−1.945.𝑡)1/1
                                                        (10) 

The curve generated by Equation (10) similar with equation output (8). The crucial of constant value 

𝑘 and  𝑝 in this research, according [26] provide an understanding of the level of disease spread including the 

increase and decrease in sufferers. 

 

 
Figure 4. Output of Equation (10) with 𝒑 =  𝟏, and Shows an Increase in Hypertension Sufferers until 

Reaching the Stationary Point 
 

These results emphasize the importance of studying deterministic models for disease cases stated in 

the report [27]. In their report, deterministic model results provide information about the pattern of disease 

distribution. Other researchers [28][29] have shown that the resulting patterns are intended as material for 

evaluation and long-term disease control strategies. As one of the strategies that has been studied by [30], 

that is 𝑅𝑐 > 1 increasing treatment leads to a decrease in disease sufferers, while 𝑅𝑐 < 1 is the opposite. 

For a deeper understanding of the description of the deterministic model, examine the rate change of 𝑥 

in detail. Where equation 
𝑑𝑥

𝑑𝑡
= 𝑘𝑥 (1 −

𝑥

𝑁
) can state that 𝑑𝑥/𝑑𝑡 varied in terms of the quadratic shape of 𝑥. 
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For 𝑁 stated as the total number of hypertension sufferers at time 𝑡, so that 𝑁(𝑡) is a non-negative integer 

with the results (Figure 2, Figure 3, and Figure 4) of the graph function 𝑡, then it makes sense to consider 

𝑁(𝑡)as a continuous function of 𝑡. From the known solution Equation (8), if 𝑘 is positive, then the number 

of hypertension sufferers will increase exponentially. Meanwhile 𝑘 is negative, there will be a decrease in 

sufferers, and if 𝑘 = 0 it remains constant. If 𝑁(𝑡) < 1 then there are no hypertension sufferer, so 𝑘 is very 

important for the behavior of individuals suffering from hypertension. The same thing also put into the 

parameter 𝑝 (Equation (9) and Equation (10), both for 𝑝 < 1 and 𝑝 > 1 as well as 𝑝 = 0. To determine the 

parameter 𝑘 from a population of sufferer certain disease when 𝑡 ≠ 0 must be known. Then search 𝑘, and  

𝑁(𝑡) known at each time interval 𝑡, then the result is as in Figure 2, Figure 3, and Figure 4. In other words, 

the calculation of hypertension sufferers at a certain time 𝑡, or the time required for the sufferer to reach the 

specified equilibrium. 

4. CONCLUSIONS 

In this research, we had information about the deterministic model, with solution analysis of non-linear 

first-order differential equations and represented by a logistic curve. The simulation results of Equation (2) 

and Equation (6), with each constant 𝑘 and 𝑝. The results of the two equations show similarities, in that they 

indicate an increase in hypertension cases over ninety-six months. Furthermore, the results obtained are based 

on model analysis, namely the error value, so Equation (6) was chosen because it shows the smallest error 

value. Besides that, information on the pattern of hypertension is in the form of a logistic curve, so preventive 

measures are needed to reduce this disease. In addition, the 𝑝 > 1 value confirms that the simulation results 

show an increase in cases of hypertension sufferers or that the epidemic conditions are met. In this situation, 

the epidemic will decrease if there is an intervention in the form of drug administration or other prevention. 
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