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Keywords: pressure. The results showed that the variables of gender and glucose levels had a significant
Diabetes, Health, influence on the incidence of diabetes, with significant values of 0.022 and 0.001, respectively.
The gender variable has an Odds Ratio (OR) value of 0.135, indicating that female patients tend
to have a lower risk of developing diabetes than men. Meanwhile, glucose levels showed a
positive association with the incidence of diabetes, with each unit increase in glucose levels
increasing the risk of diabetes by 1.016 times. The binary logistic regression model developed
has an accuracy of 87.1% based on the Area Under Curve (AUC) value, which falls into the
category of strong classification ability. This study provides important implications in
supporting the development of more effective diabetes prevention and management strategies
through an in-depth understanding of risk factors, so that it can be used as a basis for decision-
making in public health services.
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1. INTRODUCTION

Non-communicable diseases (NCDs) are developing into a significant global health problem.
According to a WHO report, NCDs contribute to 63% of total annual deaths, reaching more than 36
million people [1]. Diabetes is one of the critical components in the NCD category. Thamrin et al. [2]
emphasized that diabetes has the potential to cause serious impacts such as cardiovascular disorders,
kidney damage, blindness, and even amputation. Lin et al. [3] noted the disease as one of the top ten
leading factors causing global mortality.

The prevalence of diabetes shows a consistent upward trend. Based on the International Diabetes
Federation (IDF) report, in 2019 there were around 463 million people, or 9.3% of the population aged
20-70 years, with diabetes. Naim [4] projects that Indonesia ranks third in Asia with 19.5 million
sufferers, with predictions of reaching 28.6 million by 2045. Complex risk factors contribute to the
development of the disease, including unhealthy lifestyle, irregular diet, lack of physical activity, and
heredity [5].

Medical studies show that diabetes is not just a simple metabolic issue. Yusnita et al. [6] identified
the multidimensional impact, including physical, psychological, social, and economic complications.
Apriyan et al. [7] emphasized that the quality of life of people with diabetes tends to decrease due to
organ damage, visual impairment, neurological problems, and potential anxiety and depression.
Hasibuan et al. [8] classified risk factors into two categories: non-modifiable (age, gender, heredity) and
modifiable (diet, physical activity, obesity).

Approaches to diabetes prevention and management require a comprehensive strategy. Wahyurin et
al. [9] recommended education on healthy lifestyle modifications, including increased physical activity,
consumption of balanced meals, and weight control. Safaruddin and Permatasari [10] highlighted the
importance of mathematical modeling, particularly binary logistic regression, in identifying risk factors
and predicting the likelihood of diabetes occurrence. This method allows the analysis of categorical and
numerical variables to understand the probability of disease.

A retrospective study at Puskesmas Teja revealed the complexity of the diabetes problem. In the
July-December 2024 period, out of 140 patients served, 57.1% had a history of diabetes. Various
previous studies, such as Ramadhan [11], Diksa & Fithriasari [12], and Susanti et al. [13], have used
binary logistic regression to explore risk factors. Key variables that consistently affect diabetes risk
include age, heredity, physical activity, diet, smoking habits, and metabolic health status [14], [15].

This study aims to identify and analyze the factors that influence the incidence of diabetes mellitus
in patients at Puskesmas Teja, Pamekasan. Using a binary logistic regression approach, this study
focuses on variables such as age, gender, heredity, smoking habit, body mass index (BMI), blood
glucose level, cholesterol, and blood pressure as the main predictors. The study also aims to evaluate
the strength of each variable's association with diabetes risk and provide a basis for more targeted and
evidence-based health intervention strategies. With the expected results of the analysis, this study can
support the prevention and management of diabetes more effectively at the public health service level.

2. METHODS

The study used quantitative methods to analyze the factors of diabetes mellitus in 140 patients at
UPT Puskesmas Teja, Pamekasan. Using secondary data consisting of 60 negative and 80 positive
patients with diabetes, this study aimed to identify the contribution of variables such as age, gender,
blood pressure, smoking habits, BMI, cholesterol, and glucose levels to the risk of diabetes through a
binary logistic regression approach.
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Where P(Y = 1) is the probability of a person developing diabetes and B, B is the regression
coefficient for variable Xj,.
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Statistical testing was conducted through two methods:
1. Concurrent Test (G-test): Using G statistics to evaluate the overall effect of the independent variable
on the dependent variable. The formula used is:

Lo

G =—-2In (L_l) ©)

Where L is the likelihood model without predictor and L is the likelihood model with predictor.
Test Criteria:
a. Reject Hy if G > )(éf,a or if Sig. < @, where x? is the critical value of the chi-square
distribution.

2. Partial Test (Wald Test): Used to assess the significance of each predictor variable individually. The
formula used is:

52
Bic

= — 3
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Where f3, is the estimated regression coefficient of variable X), and Var(f}) is the variance of
the estimated coefficient.

Test Criteria:
a. Reject Hy if W > x%, orif Sig. <a.
In addition, to understand the risk impact of each variable on the incidence of diabetes, the Odds
Ratio (OR) was calculated using the following equation:

OR = efk 4)

Where Sk is the regression coefficient of variable X;,. When OR > 1 is the variable increases risk
and OR < 1 is the variable reduces risk.

This study also used the AUC-ROC curve to assess the accuracy of the model with the formula:
a. True Positive Rate (TPR):

True Positives
TPR = — Q)
True Positives + False

b. False Positive Rate (FPR):

False Positives
FPR = — (6)
False Positives + True

The resulting AUC (Area Under Curve) gives a value between 0 and 1 to evaluate how well the
model predicts diabetes.

3. RESULTS AND DISCUSSION

This research utilizes secondary data collected from 140 patients at UPT Puskesmas Teja,
Pamekasan. The dataset consists of 60 non-diabetic patients and 80 diabetic patients. The data was
collected over the period from July to December 2023. The study analyzes eight variables, including
age, gender, heredity, smoking habits, body mass index (BMI), glucose levels, cholesterol levels, and
blood pressure. These variables were categorized into two types: categorical data and continuous data.
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Categorical data includes gender (0 = male, 1 = female), heredity (0 = no family history, 1 = family
history of diabetes), smoking (0 = non-smoker, 1 = smoker), and blood pressure (0 = normal, 1 = high
blood pressure). Continuous data includes age, BMI, glucose level, and cholesterol levels.

A descriptive statistical analysis was performed on the data, providing key statistics including
minimum, maximum, mean, and standard deviation for each variable. The summary of this analysis is
presented in Table 1 below:

Table 1. Research Data Description

Variable N Minimum Maximum Mean Std. Deviation

Age 140 33 83 57.29 9.360
Gender 140 0 1 0.61 0.490
Descent 140 0 1 0.41 0.494
Smoking 140 0 1 0.29 0.457
BMI 140 14.8 37.1 25.203 4.0239

Glucose 140 0 601 244.59 124.594

Cholesterol 140 0 455 202.59 107.685
Blood Pressure 140 0 1 0.71 0.453
Diagnose 140 0 1 0.57 0.497

This research uses two types of data, namely categorical data and continuous data. Before conducting
further analysis, the first step is descriptive statistical analysis. For example, this analysis was applied
to diabetes diagnosis data recorded between July and December 2023. The results of this descriptive
analysis include information regarding the minimum, maximum, mean, and standard deviation values
for each variable used in the study, which are presented in Table 1.

Table 1 shows the characteristics of predictor variables that may affect diabetes. The mean age (X1)
was 57.29 years with a standard deviation of 9.360, indicating a patient age range of 33-83 years. The
mean gender (X2) was 0.61, with slightly more females (1 = Female, 0 = Male) and a standard deviation
01 0.490. The mean heredity (X3) was 0.41, with 41% of respondents having a family history of diabetes
and a standard deviation of 0.494. Average smoking (X4) was 0.29, indicating 29% of respondents were
smokers, with a standard deviation of 0.457. The mean body mass index (X5) was 25.203, with a
standard deviation of 4.0239, indicating a range of 14.8-37.1, where 1 = Obese and 0 = Normal. The
average blood sugar level (X6) was 244.59 with a standard deviation of 124.594, assuming 1 =
Abnormal and 0 = Normal.

The average cholesterol (X7) is 202.59 with a standard deviation of 107.685, assuming 1 = Not
Normal and 0 = Normal. The average blood pressure (X8) is 0.71 with a standard deviation of 0, 453,
assuming 1 = High Blood Pressure and 0 = Normal. The average diabetes diagnosis in this study was
0.57, indicating 57% of the sample was diagnosed with diabetes, with a standard deviation of 0.497. A
1 indicates a positive patient with diabetes, and a 0 indicates a negative. The data in Table 1 shows the
independent and dependent variables are categorical.

Parameter Estimation

Parameter estimation is performed to test the statistical significance of independent variables in
predicting the dependent variable. At this stage, all variables in the diabetes dataset are tested to
determine which variable X has a significant impact on variable Y, based on the significance value of
each variable. The results of p parameter estimation for all variables can be seen in Table 2.
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Table 2. Variables in Parameter Estimation

Variable B S.E Wald Sig. Exp(B)
Age -0.048 0.025 3.580 0.058 0.953
Gender -2.005 0.877 5.223 0.022 0.135
Heredity -0.272 0.600 0.205 0.650 0.762
Smoking -1.689 0.881 3.678 0.055 0.185
BMI -0.021 0.058 0.131 0.718 0.979
Glucose 0.016 0.004 21.394 0.001 1.016
Cholesterol 0.00 0.002 0.027 0.870 1.000
Blood Pressure 0.250 0.526 0.225 0.635 1.284
Diagnose 1.580 2.348 0.453 0.501 4.856

From Table 2, a binary logistic regression model will be formed involving eight variables

contained in the f column with the following details:
w(x;
glx) = lnl_& = 1.580 — 0.048X; — 2.005X, — 0.272X; — 1.689X, — 0.021X;

m(x;)
+0.016X¢ + 0.00X; + 0.250X,

The model shows that the constant is 1.580, which describes the value of g(x) when all X
variables are zero. The coefficients associated with the X variables show the changes in g(x) as follows:
for X1, each 1-unit increase leads to a -0.048 decrease in g(x); for X2, a -2.005 decrease; for X3, a -
0.272 decrease; for X4, a -1.689 decrease; for X5, a -0.021 decrease; and for X6, a 0.016 increase.

Probability

Table 3. The Probability of Having Diabetes Mellitus
No X1 X2 X3 X4 XS X6 X7 X8 Probability

1 36 1 1 0 2414 212 0 1 0.329
2 59 1 0 0 2631 112 0 0 0.882
3 63 1 0 0 2823 136 287 1 0.834
4 60 1 1 0 2268 410 252 1 0.059
5 63 1 1 0 1953 532 369 1 0.009
136 53 1 0 0 312 163 231 O 0.734
137 56 1 0 0 30,1 229 253 1 0.457
138 78 0 0 1 204 141 248 O 0.883
139 65 1 0 0 247 296 261 1 0.284
140 57 0 0 0 248 141 196 1 0.303

Table 3 shows the probability of a person having or not having diabetes based on independent
variables. The threshold value is the limit used to classify an observation in one of the two categories
based on the model's predicted probability. In binary logistic regression, the threshold value is usually
0.5. That is, if the prediction probability is more than 0.5, the observation is categorized as positive (y
= 1), if it is less than or equal to 0.5, the observation is categorized as negative (y = 0) (Riyani et al.,
2024).

For example, to calculate the probability of someone suffering from diabetes mellitus at the age of
59, female, without family history, non-smoking, with a BMI of 26.31 kg/m?, glucose level of 112
mg/dL, no cholesterol, and low blood pressure, the probability can be calculated with the equation that
has been formed.
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g(x;) = 1.580 — 0.048(59) — 2.005(1) — 0.272(0) — 1.689(0) — 0.021(26.31) + 0.016(112)
+0.00(0) + 0.250(0)
= 1.580 — 2.832 — 2.005 — 0 — 0 — 0.552 — 1.792 + 0 + 0
= —2.0175
1

P =
1+ exp (—(—2.0175))
1

1 +01329

~ 11329
— 0.8826

Thus, the probability of someone with these criteria experiencing diabetes mellitus is 88.26%,
because the probability value is greater than the threshold value (0.5).

Simultaneous Test

Table 4. Model Summary

-2 Log likelihood Chi-Square
127.829 15.507

Based on Table 4, the overall test results using the likelihood ratio test show the -2-log
likelihood G value of 127.829, while the chi-square (X?) value at a = 0.05 with 8 degrees of freedom is
15.507313. The decision-making criterion is to reject HO if the value of G is greater than the chi-square.
Since the value of G > Chi-Square, it can be concluded that the independent variables collectively have
an effect on variable Y, or at least one variable X has an effect on variable Y.

Partial Test
The individual or partial test results are as follows:

Table 5. Partial Test Result

Model t Sig.

(Constant)

X1 (Age) 3.580 0.058
X2 (Gender) 5.223  0.022
X3 (Heredity) 0.205  0.650
X4 (Smoking) 3.678  0.055

X5 (BMI) 0.131  0.718
X6 (Glucose) 21.394  0.001

X7 (Cholesterol) 0.027  0.870
X8 (Blood Pressure) 0.225  0.635

Partial test results show that only gender (X2) and glucose (X6) variables have a significant
influence on diabetes diagnosis, with sig. values of 0.022 and 0.001, respectively, which are smaller
than 0.05. Meanwhile, other variables such as age (X1), heredity (X3), smoking (X4), BMI (X5),
cholesterol (X7), and blood pressure (X8) showed no significant effect, as their sig. values were greater
than 0.05. This indicates that the factors of gender and glucose level are more decisive in the diagnosis
of diabetes compared to other factors.

Model Fit Test
Table 6. Hosmer and Lemeshow

Chi-Square df Sig.
11.449 8 0.178
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From Table 6, the sig. value is 0.178, which means the sig. value. > a (0.05) and the Chi-Square
count value (11.449) < Chi-Square table value (15.507). Because the Chi-Square count value < than the
Chi-Square table value, accept HO. It can be concluded that the predicted binary logistic regression
model is appropriate.

Odds Ratio (OR)

Odds Ratio (OR) is a statistical measurement used to assess the relationship between independent
and dependent variables in a logistic model. Based on the calculations in Table 2, the OR value for
variable X2 (Gender) of 0.135 indicates a negative correlation to the likelihood of developing diabetes.
This means that each one-unit increase in the sex variable reduces the chance of developing diabetes by
0.135 times. Similarly, the variable X3 (Heredity) has an OR value of 0.762, indicating that a one-unit
increase in the heredity variable will reduce the chance of developing diabetes by 0.762 times. This
negative correlation is also seen in variable X4 (Smoking), with an OR value of 0.185, which means
that an increased smoking frequency will reduce the risk of developing diabetes by 0.185 times.

On the other hand, variable X8 (Blood Pressure) showed a positive association with diabetes
incidence, with an OR value of 1.284. This means that every one-unit increase in blood pressure will
increase a person's chance of developing diabetes by 1.284 times. Thus, variables that have OR values
less than 1 tend to decrease the risk, while OR values greater than 1 indicate an increased risk of diabetes.
This interpretation helps us understand how risk factors contribute to the likelihood of disease
occurrence.

Model Accuracy

Table 7. Confusion Matrix

Actual Prediction

+ -
+ 62 18
- 13 47

From the table above, the model correctly predicted 62 data that were positive, while 18 positive
data were predicted as negative. In addition, 13 negative data were predicted as positive, and 47 negative
data were correctly predicted as negative. These results show that the distribution of positive and
negative classes is relatively balanced, which allows the model to maintain good performance on both
classes.

ROC Curve

Source of the
Curve
= Pradsctad probakeity

w— Reforence Line

Area Under the
ROC Curve

Test ResultVariable(s): Predicted probability

sensmvity

Area
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Figure 1. ROC Curve and Area Under the ROC Curve
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The binary logistic regression model used to predict the likelihood of diabetes occurrence,
considering risk factors, is shown in Figure 1. This model has an accuracy rate of 87.1% based on the
Area Under Curve (AUC) value. With an AUC of 87.1%, which falls within the range of 0.8 to 0.9, the
model proved to be robust in predicting the incidence of diabetes mellitus.

4. CONCLUSION

This study successfully identified risk factors that influence the incidence of diabetes mellitus
using a binary logistic regression approach. From the analysis, it was found that the variables of gender
and glucose levels had a significant influence on the incidence of diabetes. The gender variable showed
that female patients had a lower risk than males, with an Odds Ratio (OR) value of 0.135. Meanwhile,
glucose levels have a positive relationship with the incidence of diabetes, where each unit increases in
glucose levels increases a person's chance of developing diabetes by 1.016 times. In contrast, other
variables such as age, family history (heredity), smoking habits, Body Mass Index (BMI), cholesterol
levels, and blood pressure did not show a significant influence on the incidence of diabetes in this study,
with significance values greater than 0.05.

The binary logistic regression model developed has an accuracy rate of 87.1% based on the Area
Under Curve (AUC) value, which falls into the strong classification ability category (AUC is in the
range of 0.8-0.9). This indicates that the model can effectively predict the likelihood of a person having
diabetes mellitus based on the variables studied. These results reinforce that binary logistic regression
is a relevant and reliable statistical approach to analyze the relationship between risk variables and
diabetes incidence.
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