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Abstract— Diabetes is becoming an epidemic in India. This chronic disease needs immediate attention of policy makers to 

control the causalities resulting from it. The deaths due to diabetes are always under reported because people generally die due to 

involved complications like cardiovascular disease, infections and kidney failures. Moreover, the people from lower income families 

generally die without proper medical care and their death goes unreported. The research work tries to forecast the number of 

patients and deaths due to diabetes in India by 2025 and the infrastructure required to handle the situation. The methodology used 

in the research work is System Dynamics Modeling. The paper will contribute in understanding the capacity needs in terms of the 

number of beds and doctors required in the year 2025, for management of this chronic disease. It will also help the policy makers in 

capacity planning for diabetes management in India. 
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I. INTRODUCTION 

Diabetes is a physiological state in which level of the glucose in blood is higher than the permissible level [1]. People with 

diabetes have an increased risk of developing a number of serious health problems. Consistently high blood glucose levels 

can lead to serious diseases affecting the heart and blood vessels, eyes, kidneys, nerves and teeth. In addition, people with 

diabetes also have a higher risk of developing infections [2]. 

The cost of diabetes treatment increases with the complications. The patients with foot complications or with the presence of 

two diabetic complications tend to stay long for every inpatient admission [3]. Comorbid illnesses can sap the financial 

resources of people with diabetes by increasing their out-of-pocket costs for medical care. Diabetic patients face higher out- 

of-pocket medication costs than people with almost any other chronic condition [4,5], and some under use  preventive 

services as a result of cost pressures [6, 7].The lower income people generally die without proper medical care and their death 

generally goes unreported. 

According to a projection based on 2001 Census, Indian population is expected to become 1392870 thousand by year 

2025[8].WHO estimated diabetes as one of the major, non-communicable causes of death in 2000 for India [16].Over 30 

million have now been diagnosed with diabetes in India and actual number is much higher than this. The organizations like 

International Diabetes Federation (IDF) reported this prevalence of diabetes as 40.6 million in year 2006. The prevalence of 

(Impaired Glucose Tolerance) IGT is reported to be around 8.7 % for urban areas and 7.9 % for rural areas though it seems to 

be over reported. It is thought that 35% of IGT sufferers go on to develop Type- 2 diabetes in future [28]. If out of 1.4 Billion 

Indian 8% develops IGT and 2.8% eventually develop diabetes. The number of people living with diabetes will reach 39.2 

million. Thus, considering the availability of doctors and hospital beds the India is expected to face a healthcare crisis by year 

2025. 

According to, Ministry of Home Affairs, Government of India, The percentage of medically certified death due to diabetes is 

reported 1.6% out of the total deaths. This estimation is based on 2011 census [9]. In India the overall mortality rates were 

nearly three-fold higher in diabetic subjects compared to non-diabetic individuals (18.9 vs. 5.3 per 1000 person-years) [10]. 

The hazards ratio (HR) for all cause mortality for diabetes was found to be 3.6 compared to non diabetic subjects. Studies 

show that coronary artery disease as leading cause of death in majority of these studies [11, 12]. However, Bhansali et al [13] 

and Zargar et al [14] reported that infections were the leading cause of mortality in diabetic subjects. Although studies 

attribute lower death with diabetes, risk of mortality with other complication is higher in case of person living with diabetes. 

Diabetes is the fourth leading cause of death in most developed countries [15].In a Chennai based study the diabetes is 

reported as a cause of death in even young population aged between 25-34 year of age. The study uses ‘verbal autopsy’ 
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method, in which trained researchers perform a standard interview with surviving relatives, the results of which are 

interpreted by experienced physicians. [16]. 

Table 1: Age wise Prevalence of Deaths due to diabetes in Indians 

Age Group 25-34 35-44 45-54 55-64 65-69 70-74 75+ 

Diabetes 

Death 

0.5 1.1 1.5 3.6 4.0 5.4 4.7 

India leads the world with largest number of diabetic subjects earning the dubious distinction of being termed the “diabetes 

capital of the world”. According to the reports (World Diabetes Atlas, 2006) published by the International Diabetes 

Federation, the number of people with diabetes in India was around 40.9 million in 2006 and is expected to rise to 69.9 

Million by 2025 unless urgent preventive steps are taken [29].Another study published in World Health Organization, 

reported prevalence of diabetes as 62 Million in year 2014 [25]. The direct, indirect and intangible cost of diabetes is 

humongous and if appropriate actions are not taken there is a chance that the infrastructure available for the treatment of the 

disease will not be sufficient. 

II. HEALTHCARE INFRASTRUCTURE IN INDIA

The healthcare -infrastructure indicator helps us understand the healthcare delivery provisions and mechanisms in India, and 

signify the investments and priority needed for creating the infrastructure in public and private sectors. The healthcare 

infrastructure in India is lagging far behind when we compare it with the WHO recommendations. India has 0.7 beds per 

thousand patients (for all diseases) which is very poor. The doctor-patient ratio (Doctors of all specialty, General Physicians 

& Family Medicine) in rural areas of India is 1:20,000, while the urban ratio is 1:2,000 against the statutory 1:250 ratio from 

WHO for which India requires 6,00,000 doctors[18]. If we consider 60% of India lives in rural areas, average number of 

doctors per thousands in India becomes 1:9200. The 31.7% villages still don’t have primary healthcare centres in India [19]. 

Figure 1: Number of Beds per Thousand Patients (for all diseases) 

Figure 2: Rural Healthcare Infrastructure in India 
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III. CAPACITY PLANNING 

 

 

Capacity planning is the efficient use of resources by projecting the healthcare needs. The process of capacity planning 

involves collecting a significant amount of data on how healthcare currently operates. It is one of the ways in which we 

prepare ourselves, to use that capacity data to make changes to the healthcare infrastructure to keep up with the demand. 

 

Forecasting is a very important step in capacity planning. It is the response to the forecast that ensures the integrity of the 

healthcare processes. The steps used in Capacity planning are [20]: 

 

1. Collect the Data and Identify the trend 

2. Make projection against those trends 

3. Develop a plan to mitigate the risk and ensure the integrity of the  healthcare processes 

 
Use of System Dynamics in Capacity Planning: System dynamics models as a forecasting tool can add value in four ways 

[21]: 

 
1. System dynamics models can provide more reliable forecasts of short- to mid-term trends than statistical models, 

and thus lead to better decisions 

2. System dynamics models provide a means of detecting changes in industry structure, as part of an early-warning- 

system or on-going learning system 

3. System dynamics models provide a means of determining key sensitivities, and therefore of developing more 

carefully thought out and robust sensitivities and scenarios. 

4. System dynamics models allow the determination of appropriate buffers and contingencies that balance risks against 

costs. 

 
 

IV. OBJECTIVE OF THE RESEARCH 

 
1. To find out the number of doctors required by the year 2025 to deal with diabetes in India 

2. To find out the  number of beds required by the year 2025 to deal with diabetes in India 

3. To estimate the number of deaths due to diabetes by the year 2025 

 

 

V. METHODOLOGY 

 
The System Dynamics model was used to estimate the number of beds and doctors required to deal with diabetes in India in 

year 2025. 

 

We developed the SD diabetes model using well-established techniques for model formulation and testing. The literature 

published on diabetes and healthcare were reviewed to estimate the parameters used in the model. We were able to draw 

parameter estimates directly from the available information in literature. The software used for SD Modeling was Vensim. 

 

The SD diabetes model specifies how normal population converted into a population inflicted with diabetes. The figure below 

depicts a simple model for estimation of Doctors and Beds required for effectively tackling the challenges posed by diabetes 

in India. 
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Figure 3: SD Model for Diabetes for Estimation of Infrastructure Demand 

Following is a summary of the elements of Figure 2 used in Diabetes SD Model: 

1. Normal Population: 1.236 Billion (Estimation in July 2014) [24] 

2. Normal Birth Fraction:1.25% [23] 

3. Normal Death Fraction: 8 per thousand [22] 

4. Diabetes Conversion Fraction: 0.028[28] 

5. Mortality Risk Fraction: 0.029 [26] 

6. Patient Doctor Ratio: 250[18] 

7. Patient Bed Ratio:1000 (assumed) 

8. Diabetes Patients: 62 Million [25] 

9. Time to convert into diabetes: 5(assumed) 

10. Average Diabetes Life: 10 (assumed) 

Calculation of Diabetes Conversion Factor: 

Taking Rural IGT: 7.9, Urban IGT: 8.7 and assuming 2:3 as urban to rural weight the average IGT was found 8.22 [28]. 
Considering 35% IGT suffer from Diabetes, the conversion factor becomes 2.8%. 

 

VI. DIABETES SYSTEM DYNAMICS MODEL 

 

 
(01)Average Diabetes Conversion=SMOOTH (Diabetes Conversion, Time to Convert in Diabetes) Units: thousands 

(02)Average Diabetes Death=SMOOTH (Mortality Risk in Diabetes, Average Diabetes Life) Units: thousands 

(03)Average Diabetes Life=10 Units: Years 

(04)Birth Rate=Normal Population*Normal Birth Fraction Units: thousands 

(05)Death Rate=Normal Death Fraction*Normal Population Units: thousands 

(06)Diabetes Conversion=Normal Population *Diabetes Conversion Fraction Units: thousands 

(07)Diabetes Conversion Fraction=0.028 
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(8) Diabetes Death Rate=Average Diabetes Death Units: thousands 

(9) Diabetes Patients= INTEG (Diabetes Progression-Diabetes Death Rate, 62000) 

Units: thousands 
(10) Diabetes Progression=DELAY3 (Average Diabetes Conversion*Self Management Correction, 5) Units: 

thousands 

(11) FINAL TIME = 100 Units: Years 

The final time for the simulation. 

(12)INITIAL TIME = 0 Units: Years 

The initial time for the simulation. 

(13)Mortality Risk Fraction=0.024 

(14)Mortality Risk in Diabetes=Diabetes Patients*Mortality Risk Fraction Units: thousands 

(15) Normal Birth Fraction=0.0125 

(16)Normal Population= INTEG (Birth Rate-Death Rate-Diabetes Progression, 1.236 Billions) Units=thousands 

(17) Normal Death Fraction=0.008 

(18)SAVEPER =TIME STEP Units: Years 
The frequency with which output is stored. 

(19)Self Management Correction=0.2  

(20) TIME STEP = 1 

Units: Years 

The time step for the simulation. 

(21)Time to Convert in Diabetes=5 

Units: Years 

VII. RESULTS & DISCUSSIONS 

 

 

 
The simulation of the System Dynamics Model provides the results which can help us in planning the infrastructural needs to 

address the healthcare demand due to diabetes. The table only lists first ten years result out of hundred time periods. 

 

 

Table 2: Results of the Simulation Run 

 

Time (Years) Diabetes Patients (thousands) Diabetic Deaths (thousands) 

0 62000 1798 

1 129418 1798 

2 196836 1993.51 

3 264059 2364.99 

4 330910 2894.26 

5 397231 3564.47 

6 462880 4359.99 

7 527722 5266.34 

8 591640 6270.1 

9 654528 7358.85 

10 716290 8521.1 
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Figure 4: Graph for the Estimation of the Number of Diabetic Patients 

The number of diabetic patients first increases and then becomes saturated around hundred years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Graph for Estimation of Number of Deaths 

 

The number of deaths due to diabetes like the number of diabetic patients, first increases then saturates. This is because we 

have used Self Management Correction factor (0.2) in the SD model used. In absence of this correction factor, the number 

would have increased more readily and then decreased like the typical epidemic curve [27]. 

 

Table 3: Estimation of Results in Year 2025 

 

Diabetes 

Population( 2025) 

Bed Required Doctors 

( 250:1 Ratio) 

716 Millions 0.72 Millions 2.86  Millions 
 

 

 

According to the study, the diabetic population is expected to become 716 Million by considering IGT figure of 7.9 % for 

rural and IGT figure of 8.7 % for Urban Population. According to the Word Bank Indicator data, India has an availability o f  

0.7 beds and one doctor per 9.2 thousand patients. Indian population is expected to become 1393 Million by 2025[8]. If India 

remains at the same level in infrastructure availability, the country will have 0.975 Million Beds and 0.015 millions doctors 

for all the diseases, while the requirement of beds and doctors is 0.72 Million and 2.86 Million respectively. The number of 

deaths due to diabetes is projected to reach 8.5 Million, which is a huge number in itself. 
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Indian government needs to open up more medical colleges, and encourage the private sector to enter the medical education 

sector, so that more and more number of healthcare professionals including doctor can be produced. The role of self help 

group is very important in promoting self management in diabetes and Non Government Organizations (NGO) can play an 

important role here. The government should allocate a higher percentage of GDP (present spend is around 5%) on building 

the healthcare infrastructure. The present out of the pocket spending on medical care is 75%, which needs to be brought  

down, by creating awareness about medical insurance. Considering the mortality in diabetes and the related complications,  

the medicines and hospitalization facilities in diabetes should be made affordable to a larger population. 

 

 

VIII. LIMITATIONS OF THE STUDY 

 
The data used for building the system dynamics model is taken from secondary sources and their claim is not consistent. 

Inclusion of more variables in the model will help us in understanding the diabetes management better. 

 

IX. FUTURE DIRECTIONS OF THE STUDY 

 
The future study may include the variables causing diabetes, and its progression in place of diabetes- conversion ratio. The 

future study should use data from primary sources. The study can also include the economic burden of diabetes in system 

dynamics model 
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