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 This research focuses on implementing the Random Forest and 

Grid Search algorithms for the early detection of diabetes 
mellitus, aiming to modernize and enhance medical practices 
using technology. The proposed model achieved an accuracy of 
77.06%, a precision of 71.43%, a recall of 47.30%, and a 
misclassification error of 22.94%. Comparative analysis with 
other data mining algorithms, including Decision Tree, Random 
Forest without Grid Search, and Cat Boost, demonstrated that 
the Random Forest with Grid Search algorithm outperformed 
the others. By utilizing Grid Search, the accuracy of the 
Random Forest algorithm increased by 2.03%. These findings 
indicate the potential effectiveness of machine learning in early 
diabetes detection. While the research offers promising results, 
there are limitations in terms of the dataset size and the 
number of detection variables used. Future studies should 
explore larger datasets and alternative algorithms to further 
enhance accuracy and aid in the early detection of diabetes 
mellitus. 
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1. INTRODUCTION  

In the fast-paced advancement of the era, humanity encounters a multitude of diseases, 

some of which can be highly dangerous and even fatal. Among the most well-known 

illnesses is diabetes mellitus (Siregar et al., 2023). Diabetes mellitus is a persistent and 

non-communicable health condition characterized by the body's impaired ability to utilize 

glucose, a type of sugar crucial for providing energy. In Indonesia, diabetes mellitus 
stands as the sixth leading cause of mortality, trailing conditions associated with 

childbirth. As of 2021, the country accommodates approximately 19.5 million individuals 

living with diabetes mellitus, ranking Indonesia fifth globally in terms of the highest 

number of diabetes patients (Perdana et al., 2023). Untreated and unidentified diabetes 

can lead to serious complications (Apriliah et al., 2021). 
In general, diabetes mellitus disease has symptoms that are almost similar to 

ordinary illness conditions so many people do not realize that they have the disease and 
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even have complications. Therefore, it is very important to do early detection of diabetes 

mellitus disease because if the disease is left too long without treatment it can result in 

dangerous complications such as kidney failure, damage to other organ function to heart 

attack (Anissa et al., 2023). Many ways can be done in early detection of a person 

experiencing diabetes mellitus or not. From a medical point of view, the diagnosis of 
diabetes mellitus can be done through blood tests. However, sometimes from a medical 

point of view, the process of checking blood only looks at one parameter, namely the 

patient's blood sugar level. In cases where a diabetes mellitus patient has low blood 

sugar levels, considering other parameters is crucial for achieving more accurate early 

detection results (Yusnaeni & Widiarina, 2022). 
 From a computer science perspective, the early detection process of diabetes 

mellitus in humans can be accomplished through an information system by applying 

data mining techniques. Data mining involves a series of actions or processes to discover 

meaningful relationships through patterns and trends within large datasets using various 

methods and algorithms (Airi et al., 2023). The advantages of utilizing information 

systems and data mining techniques are the ability to perform early detection of diabetes 
mellitus in humans quickly (Andi et al., 2023). Additionally, with data mining, 

predictions can be made involving multiple parameters, not just relying on a single 

parameter (Robet et al., 2022). Parameters such as age, weight, blood pressure, and other 

relevant factors can be included, resulting in more accurate detection outcomes (Ramayu 

et al., 2022). 
 Research that discusses the analysis of early detection of diabetes mellitus 

through the implementation of data mining has been done before by implementing the 

KNN algorithm (Siregar et al., 2023). Then, the next research combines the KNN 

algorithm with Naïve Bayes in order to increase the accuracy of the results of early 

detection of diabetes mellitus through the proposed model (Ikhromr et al., 2023). 

Subsequent research implements the C4.5 algorithm in the classification and prediction 
of diabetes mellitus in humans (Wahyu et al., 2023). All of the previous studies 

conducted were quite good and obtained a fairly high accuracy. Therefore, this study will 

also take the same approach as previous studies, namely implementing data mining in 

the early detection of diabetes mellitus in humans. 

In this study, the Random Forest algorithm is implemented, which is one of the 
types of machine learning algorithms based on ensemble learning techniques. Ensemble 

learning combines predictions from multiple models (decision trees) to improve 

performance and prediction accuracy (Sari et al., 2023). This study chose the Random 

Forest algorithm because based on previous research that made comparisons between 

the Random Forest, Naïve Bayes, and Decision Tree algorithms, it was found that the 

Random Forest algorithm was superior to the two algorithms in making predictions. 
(Napiah et al., 2023)(Pamuji & Ramadhan, 2021). Additionally, to improve the accuracy of 

the Random Forest algorithm, it will be combined with the Grid Search algorithm, which 

is a technique used to find the best combination of parameters in the model (Kohsasih et 

al., 2022). By using Grid Search, we can search for the optimal parameters in the 

Random Forest algorithm, such as the number of decision trees, the maximum depth of 
the trees, and the criteria for selecting the best features, thereby obtaining a more 

optimal model and enhancing the prediction accuracy in the early detection of diabetes 

mellitus disease (Ramadhan et al., 2017). 

This study contributes to analyzing the performance of the Random Forest and 

Grid Search algorithms in conducting early detection of diabetes mellitus so that it is 

hoped that this model can be implemented in the world of health, especially for the 
community so that they can quickly and accurately detect diabetes mellitus.  
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2. RESEARCH METHOD  

The stages of the research method to be conducted in this study are illustrated in Figure 

1. 

Dataset
Pre-processing 

Data

Applied Data 

Mining Algorithm 

Random Forest 

and Grid Search

Performance 

Evaluation

Comparative 

Analysis
Result

 
Figure 1. Research Method Diagram 

 

From the proposed research framework depicted in Figure 1, it can be explained 

as follows: 
a. Dataset 

The dataset used in this study was taken from the Kaggle website, namely the 

Pima Indians Diabetes Database, with a total of 768 records. The data was split into 70% 

for training and 30% for testing. Table 1 below shows the dataset used in this study. 

 
Table 1. Research Datasets 

No Pregnancies Glucose 
Blood 

Pressure 
Skin 

Thickness 
Insulin BMI 

Diabetes 
Pedigree 
Function 

Age 
Outcom

e 

1 6 148 72 35 0 33.6 0.627 50 1 
2 1 85 66 29 0 26.6 0.351 31 0 
3 8 183 64 0 0 23.3 0.672 32 1 
4 1 89 66 23 94 28.1 0.167 21 0 

5 0 137 40 35 168 43.1 2.288 33 1 
6 5 116 74 0 0 25.6 0.201 30 0 
7 3 78 50 32 88 31 0.248 26 1 
8 10 115 0 0 0 35.3 0.134 29 0 

9 2 197 70 45 543 30.5 0.158 53 1 
… … … … … … … … … … 

766 5 121 72 23 112 26.2 0.245 30 0 
767 1 126 60 0 0 30.1 0.349 47 1 

768 1 93 70 31 0 30.4 0.315 23 0 

 

b. Pre-processing data 

The data pre-processing steps in this study are divided into two parts: (a) 

preprocessing with mean imputation is a method to handle missing data in the dataset 
(Karrar, 2022). In this process, the missing values in a feature (column) will be replaced 

with the mean value of that feature. This method helps to maintain consistency and data 

integrity in the dataset (Prasetya & Priyatno, 2023), (b) preprocessing with feature 

standard scaling is a process in data processing before inputting it into a machine 

learning model. The goal of standard scaling is to transform the values of each feature 

(column) in the dataset to have the same scale so that no feature dominates or has a too 
significant impact on the model (Ambarwari et al., 2020). 

c. Applied data mining algorithm Random Forest and Grid Search: (a) the Random 

Forest algorithm, introduced by Leo Breiman in 2001, is a statistical method and a 

machine learning expert from the University of California. The concept of Random Forest 
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is to combine multiple decision trees (Alhabib et al., 2022). This algorithm combines the 

results from several decision trees built randomly, resulting in a more accurate model. 

The way Random Forest works is by building multiple decision trees in parallel and 

making predictions based on the majority vote of the trees. This ensemble approach helps 

to improve the overall prediction accuracy and reduce the risk of overfitting (Sriyanto & 
Supriyatna, 2023), (b) Grid Search is a method for determining the combination of 

models and hyperparameters by testing each combination one by one and performing 

validation on each combination (Wirasasmita & Anisa, 2023). Hyperparameters are 

variables that can determine the results of a model in data mining. Grid Search is one of 

the techniques used for hyperparameter tuning in machine learning models. When using 
machine learning algorithms, several hyperparameters need to be determined before the 

model can be trained, such as the learning rate and the number of trees in the Random 

Forest. Grid Search works by testing all combinations of predetermined hyperparameter 

values. For example, if there are two hyperparameters (learning rate and number of 

trees), and we want to test 3 learning rate values and 4 number of tree values, then Grid 

Search will test a total of 3 x 4 = 12 combinations of these hyperparameters (Putri et al., 
2023). Each combination will be trained on the training data and evaluated using cross-

validation techniques to measure the model's performance on data that was not used in 

training (Nugroho & Amrullah, 2023). Evaluation metrics such as accuracy or mean 

squared error will be used to select the best combination of hyperparameters that provide 

the most optimal performance for the model (Fatmawati & Rifai, 2023). 

d. Performance evaluation 

The performance evaluation of the proposed model in this research is conducted 

using a Confusion Matrix, which is a cross-tabulation of positive and negative class data 

that are classified into predicted and actual classes (Andi et al., 2021). The Confusion 

Matrix consists of True Positive (TP), False Positive (FP), False Negative (FN), and True 

Negative (TN) (Dikka et al., 2023). The confusion matrix table is presented in Table 2. 
 

Table 2. Confusion Matrix 

Actual Label 
Actual Label 

1 2 

1 TP FP 
2 FN TN 

 

In this study, the positive class represents individuals with diabetes, and the 

negative class represents individuals without diabetes. Based on the Confusion Matrix, 
calculations are performed to determine accuracy, recall, precision, and misclassification 

error values. 

e. Comparative analysis 

At this stage, a comparative analysis is conducted between the research model 

using the Random Forest algorithm before combining it with Grid Search and the 
Decision Tree algorithm. The results of the comparative analysis show the accuracy, 

recall, precision, and misclassification error of each algorithm. 

f. Result 

The results of the research consist of a comprehensive discussion of the 

conducted analysis, elaborated in detail and linked to previous studies. 

3. RESULTS AND DISCUSSIONS 

This research utilized the Python programming language and Google Colab to implement 

the Random Forest and Grid Search algorithms for early detection of diabetes mellitus 

disease. The Grid Search algorithm was applied to find the best parameters for the 
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decision tree, resulting in the optimal settings: max depth of 5, minimum leaf samples of 

4, minimum split samples of 10, and n_estimators of 50. The implementation of both 

algorithms produced a Confusion Matrix, as depicted in Figure 2. 

 
Figure 2. Confusion Matrix Plot 

Based on the Confusion Matrix plot, the performance of the proposed research 

model yielded an accuracy of 77.06%, precision of 71.43%, recall of 47.30%, and a 

misclassification error of 22.94%. The results of this study demonstrate that the Random 

Forest model optimized with Grid Search is capable of providing reasonably accurate 

predictions in the early detection of Diabetes Mellitus. Although the accuracy and 

precision are quite good, the recall value still needs improvement to detect more diabetes 
cases effectively. 

Next, a comparative analysis was conducted with the Decision Tree algorithm and 

the Random Forest algorithm before implementing Grid Search, as shown in Table 3. 

Table 3. Comparative Analysis 
Algorithm Accuracy Precision Recall Misclassification Error 

Decision Tree 71.86 55.84 58.11 28.14 

Random Forest 
Without Grid 

Search 
75.03 69.23 46.44 24.97 

Cat Boost 76.19 64.62 56.76 23.91 

Random Forest 
With Grid Search 

77.06 71.43 47.30 22.94 

 
 Based on Table 3, a comparative analysis of four different machine learning 

algorithms has been tested and evaluated in the early detection of diabetes mellitus 

disease. The four compared algorithms are Decision Tree, Random Forest without Grid 

Search, Cat Boost, and Random Forest with Grid Search. From the evaluation results, it 

can be observed that accuracy is a high evaluation metric for all four algorithms, with 
accuracy ranging from 71.86% to 77.06%. This indicates that all four algorithms have 

good overall classification capabilities. 

 The Random Forest algorithm with Grid Search showed the highest accuracy of 

77.06%. This indicates that the model is capable of correctly classifying data in most 

cases. Next, the second-highest accuracy is achieved by the Cat Boost algorithm, showing 
good performance with an accuracy of 75.03%. The third-highest accuracy is obtained by 

the Random Forest algorithm without Grid Search, with an accuracy of 75.03%. Although 
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the Decision Tree algorithm has a lower accuracy compared to other algorithms, which is 

71.86%, it still demonstrates its ability to perform correct classification. 

 However, when analyzing precision and recall values, there is a significant 

variation among the algorithms. The Decision Tree algorithm has a low precision value of 

55.84%, but it has a better recall value compared to the Random Forest without Grid 
Search. On the other hand, Cat Boost has better precision and recall values than the 

Decision Tree, but slightly lower than the Random Forest without Grid Search. In this 

context, the Random Forest with Grid Search demonstrates the best performance among 

the four algorithms. This algorithm has a high precision rate of 71.43%, indicating that 

most of the cases predicted as positive are indeed cases of diabetes mellitus. Additionally, 
it also has a better recall value than the Cat Boost and Decision Tree algorithms, with a 

value of 47.30%, indicating that this algorithm is quite effective in detecting most cases of 

diabetes. 

 The high accuracy results from these four algorithms indicate that early detection 

of diabetes mellitus using machine learning approaches has the potential to be an 

effective method. By employing data mining and appropriate preprocessing techniques, 
these algorithms can provide better outcomes in detecting and identifying patients at risk 

of developing diabetes early on. It is crucial to continue developing and improving the 

quality of these models to support more effective prevention and treatment efforts for 

diabetes in the future (Iparraguirre-villanueva et al., 2023). 

 The research findings also indicate that the addition of the Grid Search algorithm 
can increase the accuracy of the Random Forest algorithm by 2.03%. This is consistent 

with the research conducted by (Anggoro & Afdallah, 2022) where the findings concluded 

that Grid Search can increase the accuracy of the Random Forest algorithm by 0.1-0.2%. 

 In addition, the researchers also conducted a survey directly to the hospital to 

test the model proposed in this study. From 10 patients suffering from diabetes mellitus, 

samples were taken and then tested on the proposed model. The test results showed that 
the proposed model was able to detect early in 9 out of 10 patients tested in this study. 

4. CONCLUSION 

This research implemented the Random Forest and Grid Search algorithms in the early 

detection of diabetes mellitus patients to assist medical professionals to become more 

modern and effective in utilizing technology. Based on the results of the conducted 
research, an accuracy of 77.06%, precision of 71.43%, recall of 47.30%, and a 

misclassification error of 22.94% were obtained from the proposed research model. 

Furthermore, to provide a more measured evaluation of the proposed research model, a 

comparison was made with several other data mining algorithms such as Decision Tree, 

Random Forest without Grid Search, and Cat Boost. The research findings showed that 

the Random Forest algorithm outperformed the other three data mining algorithms. The 
findings also revealed that the addition of the Grid Search algorithm increased the 

accuracy of the Random Forest algorithm by 2.03%. The implications of this research are 

significant for the early detection of diabetes mellitus patients and the advancement of 

medical technology. The utilization of these algorithms can empower medical 

professionals to make more informed decisions in diagnosing diabetes, potentially leading 
to early interventions and improved patient outcomes. The research highlights the 

importance of incorporating modern data mining techniques in the healthcare domain, as 

it can enhance the accuracy and efficiency of medical diagnoses. However, the study also 

acknowledges the limitations of a relatively small dataset and a limited number of 

detection variables. Therefore, future research endeavors should focus on utilizing larger 

datasets and exploring other advanced algorithms to further enhance the accuracy and 
reliability of early diabetes detection models. This research makes a valuable contribution 

to the field by demonstrating the effectiveness of Random Forest with Grid Search and 
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encouraging the adoption of data-driven approaches in medical diagnosis, paving the way 

for more sophisticated and accurate diabetes detection systems in the future. 
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