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ABSTRACT 

In this paper “hypothetical” states are capture to show the real world problem related to Diabetes, which is a major or 

growing diseases in the world. Computer simulations are the mathematical formulations in combination to structural 

framework to represent some real or hypothetical systems. Researcher states that diabetes prevailing in India if ignored 

today will directly affect the cost and expenses and of course the economic burden over the society. Forecasting and its 

simulation the diabetes and its calculation is the way to alarm the society and present the model before population that it 

should be leveled in time so that it should not be increased further.  
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1. INTRODUCTION 

The development and social status of a country is largely represented by the health of its population as the 

growth in each term is largely dependent upon the health of the people. There are number of health issues in 

India. Many a diseases like cancer, asthma, tuberculosis and diabetes are prevalent in India. In this paper 

Diabetes prevalence is main focus and this disease leads to hypertension, heart attacks etc. Diabetes is 

expected to take an increasingly large financial toll in subsequent years. Accurate projections of diabetes 

burden are essential to policymakers planning for future health care needs and costs. Moreover new cases of 

diabetes are also increasing very rapidly in India. It becomes very important to figure out the probable no. of 

patients of diabetes in advance to manage the funds to take care of the treatment of diabetes in future. Aim of 

this paper is to forecast the future Diabetes prevalence and economic burden over the country. 

 

2. Diabetes Mellitus 

There are 3 major types of diabetes, Type 1, Type 2 and Gestational  out of that Type 2 diabetes accounts for 

approximately 95% of all diagnosed cases. India leads the world with largest number of diabetic patients. As 

per the Diabetes Atlas 2015 published by International Diabetes Federation , in India currently  69.2 million 

patients is expected to rise to 123.5 million by 2040 unless urgent preventive steps are taken. The so called 

“Asian Indian Phenotype” refers to certain unique clinical and biochemical abnormalities and makes Asian 

Indians more prone to diabetes and premature coronary artery disease [1]. The annual diagnosed diabetes 

incidence (new cases of type 1 diabetes <15 years) about 23.7 cases per 1,00,000 children per year in 2015. 

Total diabetes prevalence (diagnosed and undiagnosed cases) is projected to increase from 12.9% in 2015 to 

20% of the USA (North America and Caribbean region) adult population (20-79 aged) by 2040. Accurate 

projections of diabetes burden are essential to policymakers planning for future health care needs and costs 

[2]. In this context the present study focuses on the forecasting of this disease in 2030 . In this retrospective 

study we have taken the data from different places in country  who were utilizing the medical care in a 

teaching hospital. The data was analyzed by Graph pad statistical software The annual medicine cost spent 

was 10584.71±2113.55 (in INR), 19326.91±3253.05 and 25960.2±5698.9 respectively in uncomplicated 

(group 1), complicated non hospitalized (group II) and complicated hospitalized patients (group III) 

respectively with statistically significant difference between group I and II (p=0.02) and I and III (p=0.004). 

The annual consultation charges spent in these groups were 218.48±12.09, 395.40±31.70 and 742.5±102.44 in 
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group I, II and III respectively. There was a significant difference in annual consultation charges spent 

between patients who had neuropathy, ischemic heart disease, cellulites, foot ulcer (p<0.0001). The annual 

medicine and consultation cost were significantly high in patients who are having one or the other 

complication and patients with longer duration of illness [10]. 

 

3. Problem Statement 

Diabetes is a chronic health problem with devastating, yet preventable consequences and characterized by 

high blood glucose levels resulting from defects in insulin production, insulin action, or both. Diabetes is 

expected to take an increasingly large financial toll in subsequent years. Accurate projections of diabetes 

burden are essential to policymakers planning for future health care needs and costs. It becomes very 

important to figure out the probable no. of patients of diabetes in advance to manage the funds to take care of 

the treatment of diabetes in future. Forecasting of the diabetes has been modeled by Markov Chain Model in 

which the total population of the India has been divided in the three states i.e. non-diabetic, diabetic and the 

death states in the first case. After that it was realized that a great proportion of the diabetic population 

remains undiagnosed due to various reasons like awareness and the non-symptomatic stage. In second case, 

the diabetic population was further divided in the diagnosed and undiagnosed diabetes states in four state 

Markov Chain Model. Probabilities of the transition among these states shall be the main parameters to be 

estimated based on the data available and the mathematical relations between these probabilities and the 

states. On the basis of these parameters the future prevalence of diabetes for the years from 2016 to 2030 will 

be estimated as per the model selected according to the availability of the data. 

Economic burden will be calculated on the basis of the forecast of diabetes prevalence and the cost of diabetes 

in a particular year considering at the Inflation rate of 8% per year. Diabetes cost has been divided in two 

parts: Direct costs and the indirect costs. These costs will include the costs like- Treatment cost, Laboratory 

and Monitoring cost, Doctor Fee, Hospitalization cost, transportation cost etc. So the economic burden 

calculated on the basis of the various costs and the future forecasted diabetes prevalence will be an indicator 

for the allocation of the funds for the health policymakers of India. 

 

4. Three state Markov chain Model 

In the three state models, the total population has been divided in three states – Healthy, Diabetes and Death 

states. We have chosen the year 2010 as the base year. Transition probability matrix for the three state model 

with the various elements which shows the transition probabilities among the various states are as follows: 

  X (t)   Y (t)   D (t) 

X (t-1):   α    β   γ 

Y (t-1):   0   1-r γ   r γ 

D (t-1):   0   0   1 

Where: X (t) - People without diabetes at time t, Y (t) - People with diagnosed diabetes at time t 

D (t) - No. of deaths at time t, α - Probability of transition of remaining in non-diabetic state 

β - Probability of transition into diabetes from the non-diabetic people, γ - Probability of death among the non-

diabetic people, r - Relative risk factor for diabetic people = 3.6 [4] 

The above parameters are estimated using the 2010 as the base year. Thus, in the above formula, 

t-1 corresponds to 2009, and t corresponds to 2010. 

γ = D’ (t-1)/X (t-1)                   (1) 

where D’ (t-1) = Death no. among the non-diabetes people  

β is given by 

Y (t) = X (t-1)* β + Y (t-1)* (1-r γ)                 (2) 
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As the sum of the elements of a row is unity the remaining elements of TPM can be found out. Estimation of 

the above Parameters finally gives the following transition probability matrix for the three states: 

 

Table 1: Transition Probability Matrix 

M 

 X(t) Y(t) D(t) 

X(t-1) 0.992328 0.003047 0.004625 

Y(t-1) 0 0.98335 0.01665 

D(t-1) 0 0 1 

 

The initial distribution of the three states can be computed as the probability of being in the healthy state is 

estimated as the proportion of healthy people in the population in 2010, probability of being in both the 

diabetic state is then estimated as the proportion of diabetics in the population in 2010 and Clearly, in the 

initial distribution, probability of being in the state of death can be taken to be 0. 

Initial distribution of the three states comes out to be: 

A= [.958017 .041983 0]                (3) 

Final distribution of these three states after n years will be given by the matrix: 

B = A*[M]n = [b1 b2 b3]                                 (4) 

From MATLAB we have got the values of b1, b2 & b3 and the values of these parameters for the years 

2016(n=1) to 2020 (n=20) are given by the Table 3.Then the no. of the diabetes patients in a particular year 

can be calculated by the above mentioned distribution and population in that year is given by:Y (n) = b2 (n)* 

P (n)                                              (5) 

Population data for the years from 2016 to 2030 has been forecasted and is given in the table 2& the 

Forecasted no. of diabetes patients for the years from 2016 to 2030 are given in table 4. 

Population for the years 2010, 2020, 2030 & 2040 has been taken from the data source [5] and for the 

remaining years it has been calculated on the basis of increase at a constant rate on year to year basis as 

described here:Let P = Population in year 2010, Q = Population in year 2020 

r = rate of increase per year and is given by 

P {(1+r/100) ^10} = Q                 (6) 

 

5.Conclusion 

Our estimates of diabetes prevalence paint a sobering picture of the future growth of diabetes and total 

prevalence is projected to increase to a very high level in terms of the percentage of total adult population by 

2030.We can see that there is a very high increase in the prevalence of diabetes in India from the year 2010 to 

2030. No. of patients are expected to increase to the figure of 90 million in year 2030 from 50.6 million in 

2010. In term of percentage of prevalence of diabetes will increase from 4.3 % in 2016 to 5.82% in 2030. 

Increase in the diagnosed diabetes comes out to be 5.3% in the year 2030 from 2.1% in the year 2010. This 

increase can be attributed to two factors: increase in diabetes prevalence itself & better diagnosis. While better 

diagnosis is a positive step in the right direction, increase in prevalence of diabetes itself is an alarming 

situation for the Indian health policy makers. Effective strategies need to be undertaken to tackle this large toll 

of diabetes and also to take various prevention program to try to reduce the diabetes prevalence in India and 

also to help in removing the tag of “Diabetes Capital of the World”. 
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Fig 1. Trend of Diabetes Prevalence in India from 2016 to 2030 

 

 

 

Fig 2. Trend of Diabetes Prevalence as percentage of total population in India from 2016 to 2030 

Table 2. Population of India in the years 

from 2010 to 2040 

Year 
Population

(mn) 
Year 

Population

(mn) 

2015 1292.207 2029 1509.249 

2016 1309.307 2030 1521.155 

2017 1326.633 2031 1533.061 

2018 1344.188 2032 1544.967 

2019 1361.976 2033 1556.874 

2021 1395.765 2034 1568.780 

2022 1411.710 2035 1580.686 

2023 1427.838 2036 1592.592 

2024 1444.149 2037 1604.498 

2025 1461.625 2038 1616.404 

2026 1473.531 2039 1628.310 

2027 1485.437 2040 1640.216 

2028 1497.343   

 

Table 3. Distribution of b1, b2, b3 in the 

years from 2016 to 2030 

N Year b1 b2 b3 

1 2016 0.9139 0.05451 0.0372 

2 2017 0.9068 0.05544 0.0433 

3 2018 0.8997 0.05633 0.0494 

4 2019 0.8927 0.05719 0.0555 

5 2020 0.8857 0.05801 0.0615 

6 2021 0.8788 0.05892 0.0676 

7 2022 0.8719 0.05979 0.0736 

8 2023 0.8651 0.06063 0.0796 

9 2024 0.8583 0.06145 0.0856 

10 2025 0.8516 0.06220 0.0915 

11 2026 0.8449 0.06318 0.0974 

12 2027 0.8383 0.06413 0.1033 

13 2028 0.8318 0.06507 0.1092 

14 2029 0.8253 0.06600 0.115 

15 2030 0.8188 0.06691 0.1209 

 

Table 4: Forecasted diabetes prevalence in years from 2016 to 

2030 

S. No. Year b2 Population(mn) 
No. of Diabetes 

patients(mn) 

1 2016 0.05451 1309.307 71.372 

2 2017 0.05544 1326.633 73.544 

3 2018 0.05633 1344.188 75.716 

4 2019 0.05719 1361.976 77.888 

5 2020 0.05801 1379.999 80.060 

6 2021 0.05892 1395.765 82.232 

7 2022 0.05979 1411.710 84.404 

8 2023 0.06063 1427.838 86.576 

9 2024 0.06145 1444.149 88.748 

10 2025 0.06220 1461.625 90.920 

11 2026 0.06318 1473.531 93.092 

12 2027 0.06413 1485.437 95.264 

13 2028 0.06507 1497.343 97.436 

14 2029 0.06600 1509.249 99.608 

15 2030 0.06691 1521.155 101.780 
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