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Abstract. The male sex is taken into account a crucial risk issue for coronary heart disease 

(CHD) within the general population, however, studies on diabetic patients counsel that 

diabetic girls have a better risk of developing CHD. This study was to determine whether there 

is correlation between risk factors and the incidence of CHD in patients with type 2 DM. 

Furthermore, this work also investigates the mathematical model work in calculating the 

magnitude of the risk of variables against the tendency of CHD complications for patients with 

type 2 diabetes. This research utilizes current information on the setup of Dr. Soetomo 

Hospital's medical records in 2015-2016. Samples were all patients with type 2 diabetes with 

CHD and without CHD reported in the inpatient medical records of Dr. Soetomo Hospital 

Surabaya. Data processing was carried out using the chi-square test technique. As a result, the 

system is proof to calculate the worth of the chi-square and confirm the results of conditions on 

every variable. There is a distinction in price between the calculations of the chi-square on the 

system with the calculation of the manual chi-square test. This is often caused by taking variety 

of digits behind completely different commas (,). The variables of gender, age, GDA, GDP, 

GD2PP, triglycerides, HDL, weight, smoking, and length failed to have a significant 

relationship on the incidence of CHD in patients with sort two DM. Sterol variables and 

lipoprotein levels have a highly vital relationship within the incidence of CHD for patients with 

sort two polygenic disease. 

1.  Introduction 

Diabetes mellitus (DM) is currently one of the medical problems that affect efficiency and reduces the 

quality of human resources. DM patients worldwide in 2015 increased from 333 million people (5.4%). 

People with diabetes in Indonesia are continuing to occur. Considering the record of the world health 

organization in 2004, Indonesia ranked fourth with the highest number of diabetics after India, China, 

and USA [1]. It was realized that in 1995 there were around 5 million people with DM in Indonesia 

with a growth of around 230 thousand diabetics consistently so that by 2025 it was estimated that there 

would be 12 million people. The increase occurred due to expansion in older populations and changes 

in lifestyle, starting from eating habits, types of food, to decreased physical activity. This happens 

especially in the category of adults or more for all strata of society. In addition, developments in the 

number of DM cases occur due to the absence of workers, checking specific equipment and medicines, 

especially in remote zones, and there is no consistency in supervising DM patients. 
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The ten countries estimated to have the highest numbers of people with diabetes in 2000 and 2030 

are reported in reference [1]. The “top five” countries are the same as those identified for 1995 (India, 

China, U.S., Indonesia, and Japan). Bangladesh, Brazil, Russia, and Pakistan also appear in the lists 

for both 2000 and 2030. The similarity of DM arises all over the world, especially in Asian countries. 

Calculations in 2020 of this disease refer to the death of 7 individuals from each of 10 individuals in 

developing countries. About 16 million people in America are diagnosed with diabetes, the dominant 

being 6% to 7% in individuals 45 to 65 years. About 90% of them experience the adverse effects of 

type 2 diabetes. About 9.7 million women in America have diabetes. Type 2 diabetes occurs at all ages, 

even at an early age and teenagers.  

Type 2 diabetes is the most well-known type of diabetes found in DM patients than type 1 diabetes 

mellitus, gestational diabetes, and various types of diabetes [2]. Type 2 diabetes is a multifactorial 

disease with the same genetic and ecological parts as its effect to cause disease. The impact of heredity 

on this disease can be seen clearly with the high level of diabetics from fathers or mothers who have a 

profile of diabetes mellitus. Type 2 diabetes mellitus is also often called diabetes as a way of life, 

considering the causes other than heredity, ecological components including age, weight, insulin 

resistance, daily consumption, physical activity, and poor individual way of life also influence diabetes. 

Type 2 diabetes mellitus which is not monitored properly will cause a variety of chronic complications 

[3], for example, retinopathy and nephropathy and macroangiopathy, for example, heart disease, 

stroke, and further additional blood vessel infections. 

The main driver of mortality and morbidity in patients with type 2 DM is coronary heart disease 

(CHD) [4, 5]. As demonstrated by the American Heart Association in May 2012, at least 65% of 

people with diabetes die of heart disease or stroke. In addition, adults who are poor diabetics have a 

risk of coronary heart disease two to several times higher than individuals who are not diabetics [6]. A 

slow increase in type 2 diabetes mellitus often causes side effects and unclear signs. The component of 

type 2 CHD events is complicated and is associated with atherosclerosis which is influenced by 

various elements, including hypertension, hyperglycemia, dyslipidemia, smoking, CHD family 

offspring, and body weight.  

Type 1 diabetes mellitus is a metabolic problem caused by an immune system response that makes 

pancreatic beta cells initiated by prolonged hyperglycemia due to the absence of substantial insulin [7]. 

During the range of DM disease can cause different complications, namely short-term and long-term 

complications. Short-term complications, namely hypoglycemia and ketoacidosis. Long-term 

complications occur due to microvascular changes such as retinopathy, nephropathy, and neuropathy. 

There are 2 types of DM, namely specific type 1 DM which is insulin subordinate diabetes, where the 

pancreas gives little insulin or does not create insulin at all. While in type 2 DM, the pancreas still 

gives insulin, but in some cases, the amount is higher than the normal limit, where this event will 

make the body's structure insensitive to its effect, which causes relative insulin deficiency. 

Type 2 DM is a hyperglycemic disease due to a lack of insulin sensitivity of cells. Insulin levels 

can be reduced slightly or be within reasonable limits. Because insulin is still made by pancreatic beta 

cells, type 2 diabetes mellitus is considered a non-insulin subordinate diabetes mellitus [8]. Type 2 

diabetes is not caused by the absence of insulin emissions, but because insulin target cells become flat 

or unable to react normally. This condition is called insulin resistance. Variables associated with 

diabetes risk are those who have polycystic ovary syndrome, patients with metabolic disorders, 

backgrounds that are characterized by inhibited glucose resistance or fasting blood glucose, and who 

have cardiovascular backgrounds. According to [9], there was a positive correlation obese patients. 

LITAF is a TNF-α description of the between obesity and blood glucose levels. 

In previous study on the reference [10], employs the Spline Interpolation technique to convert 

discrete blood glucose data to continuous signal. The validation of interpolated signal is conducted by 

comparing the pattern of discrete data and continuous signal for both original and clustered data. The 

experiment showed that both scenarios depicted identical patterns. The Spline interpolation technique 

indicates that the method is the most appropriate in predicting the interpolated points on blood glucose 

data. This paper describes a correlation between risk factors of coronary heart disease in type 2 DM 
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patients using Chi-Square method. This method was applied to determine whether there is correlation 

between risk factors and the incidence of CHD in patients with type 2 DM. Furthermore, this work 

also investigate how does the mathematical model work in calculating the magnitude of the risk of 

variables against the tendency of CHD complications for patients with type 2 diabetes. 

2.  Methodology 

This study uses existing data on the medical record installation of Dr. Soetomo Hospital in 2015-2016. 

Samples were all patients with type 2 diabetes with CHD and without CHD recorded in the medical 

records of the inpatient disease in Dr. Soetomo Hospital Surabaya. Data processing was performed 

using the chi-square test method. The purpose of processing data using the chi-square test is to find the 

chi-square test value of each CHD risk factor variable, and then the results will be in the form of a 

graph that will illustrate the high or low results of the chi-square test value. From the results obtained, 

it will be seen which risk factors are most influential on the occurrence of CHD in patients with type 2 

DM at Dr. Soetomo Hospital in Surabaya in 2015-2016. 

Data using patients totaling 50 people along with information from 12 CHD risk factors for type 2 

diabetes. The risk factors in question are age, gender, GDA, GDP, GD2PP, triglycerides, cholesterol, 

HDL, LDL, body weight, smoking, and long DM.  

Chi-Square is also called Kai Squared. Chi-square is a type of non-parametric similar test carried 

out on two factors, where the size of the information from both factors is in the form of values [11]. In 

parametric insight, the proportion of relationships that are normally used is Pearson's product moment 

relationship. Among the nonparametric relationships that can be compared with these standard 

connection coefficients and those commonly used are the Spearman R, Kendal Tau and gamma 

coefficients. Besides these three methods, chi-square depending on the cross table is also quite well 

known in estimating the relationship between factors. 

Chi-square test technique depends on this cross table is organizing variables in the classification 

and testing of hypotheses that the observed iteration is the same as the expected iteration [6]. The 

integrity of the chi-square compatibility test is about the observed repetition and the expected 

repetition in each class, it must be tested that all groups contain the same value or a test that each 

group contains a certain value. 

The assumption used is an example derived from a random sample. The expected frequency for 

each group must be more than 1. The expected frequency of values below 5 must not be more than 

20% of the group. The chi-square calculation can be expressed in Equation (1). 

 

𝑥2 =  ∑ ∑
(𝑂∪ − 𝐸∪)2

𝐸∪

𝑐

𝑗−1

𝑟

𝑖−1

 (1) 

where 𝑟 is number of rows, 𝑐 is number of column, 𝑖 is indicates of line to-𝑖 and 𝑗 is column to-𝑗. 

While 𝑂𝑖𝑗 is observed frequencies in line to 𝑖 and column 𝑗. And 𝐸𝑖𝑗 is expected frequencies in line to 

𝑖 and column 𝑗. 

3.  Result and discussions 

Based on the results on Table 1, it can be drawn condition decisions based on the results of the chi-

square test value of the DF value of each risk factor. If the chi-square test value <DF value, then the 

H0 logic is accepted, which means there is no relationship between these risk factors with the 

occurrence of CHD in patients with type 2 DM. If the chi-square test value > DF value, then the H1 

logic is accepted, which means there is a significant relationship between these risk factors with the 

occurrence of CHD in patients with type 2 DM. From the value of the chi-square test in Table 1, A 

Chi-square test indicated that cholesterol and LDL have a significant relationship in the incidence of 

CHD in patients with type 2 DM, while gender, age, GDA, GDP, GD2PP, triglycerides, HDL, obesity, 

smoking, and for a long time DM did not have a significant relationship in the incidence of CHD in 

patients with type 2 DM in the hospital, Dr. Soetomo Surabaya in 2015-2016. 
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To find out the level of accuracy of the system that has been made, can calculate with a simple 

accuracy formula in Equation (2), which is to add up the total value of the chi-square test system, 

divided by the sum of all calculated chi-square test values. Table 1 shows the comparison result of 

Chi-Square Test and Measured Chi-Square. 

Accuracy = 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 𝑡𝑒𝑠𝑡

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐶ℎ𝑖 𝑆𝑞𝑢𝑎𝑟𝑒 
 𝑥 100% 

                                                            =
30.247

30.753
 𝑥 100% = 98.354%                                                              (2) 

 

Table 1. Comparison result of Chi Square Test and measured Chi Square 

Risk Factor Variables Chi Square Measured Chi Square Test DoF value 

Genders 0.673 0.673 3.841 

Ages 3.165 3.171 7.814 

GDA 1.188 0.855 3.841 

GDP 0.608 0.421 3.841 

GD2PP 1.235 1.236 3.841 

TRIGLISERIDA 0.178 0.17 3.841 

Cholesterol 3.846 3.848 3.841 

HDL 0.169 0.17 3.841 

LDL 11.455 11.459 3.841 

Obesities 0.478 0.48 3.841 

Smoking 2.802 2.805 3.841 

Time of DM 4.956 4.959 5.991 

 

Based on data testing that has been done using 50 patient data, it can be drawn a hypothesis by 

comparing the value of the chi-square test with the DF value of each risk factor. The conclusions that 

can be drawn from the mentioned experiments in which risk factors that influence the incidence of 

CHD in patients with type 2 DM are LDL and cholesterol because the value of the calculated chi-

square test and chi-square test system is greater than the DF value each. Therefore the H1 condition 

applies. LDL risk factors have the highest value among other risk factors. 

Risk factors for gender, age, GDA, GDP, GD2PP, triglycerides, HDL, obesity, smoking, and 

duration of DM indicate that they do not have a significant relationship to the incidence of CHD in 

patients with type 2 DM, because of the calculated chi-square test or chi test -square¬ system is 

smaller than each DF value. Therefore the H0 condition applies. There is a difference in value for 

several risk factors between the calculated chi-square test and the chi-square test system. This is 

because the retrieval value behind the comma (,) in the system is more than the manual calculation. 

4.  Conclusions 

After designing and testing this web application, it can be concluded that the system is able to 

calculate the value of the chi-square test and determine the results of conditions on each variable. 

There is a difference in value between the calculation of the chi-square test system with the calculation 

of the manual chi-square test, this is caused by taking a number of digits behind different commas (,). 

The variables of gender, age, GDA, GDP, GD2PP, triglycerides, HDL, body weight, smoking, and 

duration did not have a significant relationship on the incidence of CHD in patients with type 2 DM. 

Cholesterol variables and LDL levels have a very significant relationship in the incidence of CHD for 

patients with type 2 diabetes. 
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