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Abstract 

Because of its far-reaching effects, diabetes remains a major health problem on a worldwide scale. It's a metabolic 

illness that causes hyperglycemia and a host of other health issues, including cardiovascular disease, renal failure, and 

neuropathy. Many scientists have spent time and energy over the years trying to develop a reliable diabetes prediction 

model. Researchers are forced to adopt big data analytics and machine learning (ML)-based methodologies since there 

are still major open research concerns in this area owing to a lack of acceptable data sets and prediction techniques. 

This study seeks solutions by way of an examination of healthcare predictive analytics. The major purpose of this 

research was to explore the potential applications of big data analytics and machine learning-based approaches in the 

field of diabetes. In this study, we used the neutrosophic AHP as a feature selection method. The neutrosophic AHP 

is used to compute the importance of features, then apply the machine learning methods to these features. This study 

applied logistic regression, support vector machine (SVM), and random forest (RF) to predict the disease of diabetes.   

 

Keywords: Machine Learning; Diabetes Disease; Neutrosophic, Random Forest; Support Vector Machine; Feature 

Selection.  

 

1. Introduction  

These days, diabetes is a major killer in third-world nations. Both authorities and private citizens are funding medical 

research to discover a cure for the deadly illness. In those with diabetes, the inability to produce enough insulin causes 

the amount of sugar in their blood to steadily increase. Diabetic individuals have trouble converting the glucose sugar 

they ingest into the energy they need to carry out their daily tasks. This causes blood sugar levels to rise gradually 

over time. Since not all cells in the body can absorb glucose, it stays in the circulation[1]–[3]. 

The process of diagnosis is the backbone of modern medicine. They approach it from various angles. This approach 

involves sorting a set of data into categories according to predetermined rules[4], [5]. Several variables may determine 

whether a person has diabetes. Diabetes is a disease caused by the body's failure to release enough insulin. Symptoms 

of an insulation problem include increased thirst and hunger, elevated blood sugar, and a need to urinate often. 

Untreated diabetes often leads to other issues that worsen health. To lessen the impact of diabetes, accurate early 

detection is essential[6]–[8]. 
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Predictive analysis may range from simple observations to complex machine learning techniques. This method 

involves categorizing historical data in order to learn anything about the future. Predictive analysis may benefit greatly 

from the use of machine learning and regression approach. Machine learning is often regarded as the most important 

component of AI. It helps the computer system learn from the history without being explicitly programmed. Therefore, 

machine learning is the best option for minimizing manual labor since it allows for automation with almost no room 

for mistake[9]–[11]. 

Machine learning yields preferred findings for diabetes diagnosis. Logistic Regression, Random Forest Classifier, and 

Support Vector Machine are all examples of different machine learning algorithms[12], [13]. The purpose of this study 

is to offer a machine learning model and neutrosophic AHP method for estimating the likelihood that a person has 

diabetes[14], [15]. 

 

The neutrosophic AHP method used as a feature selection method to select feature as a input to machine learning 

method. One of the most well-known MCDM methods, AHP was introduced by Thomas L. Saaty in 1980. In this 

approach, the interdependence of the criteria is taken into account. Real-world criteria rely on one another; therefore, 

their interdependence must be taken into consideration during decision-making. AHP is useful for complex decision-

making situations that include several qualitative and quantitative factors. The foundation of the AHP method is the 

generation of a comparison matrix based on the weights assigned to each pair of factors. The technique's utilization 

of the joy analogy simplifies decision making and computation. Figure 1 shows the proposed model[16], [17].  

 

Figure 1: The steps of the proposed model. 

2. Machine Learning Models  

2.1 Logistic Regression (LR) 

The statistics department's LR algorithms have been got. This approach has been modified to work with statements 

involving issues with binary classification. The primary goal of LR is to find the coefficient values. The LR normalizes 

the range to 0-1 for use. The LR model decides if the provided data instance belongs to the class with a 0 or 1 

probability. while we have several factors to consider while making a prediction, this method might be useful[18], 

[19]. 
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𝐿𝑅 =
1

1+𝑒−(𝛾0+𝛾0𝑥)  

Where x refers to the dataset, and 𝛾0 refers to the constant parameter of LR 

2.2 Support Vector Machine (SVM) 

The technique of SVM is an example of supervised ML. If your data collection is relatively small and has some 

outliers, this approach may be a good fit. Finding the hyperplane that best separates the data points is the key. The 

determined hyperplane will partition a pair of spaces into discrete regions. Similar information kinds will cluster 

together in such a domain[20]. 

|| 𝑥  || = √𝑥1
2 + 𝑥2

2 + 𝑥3
2 + 𝑥4

2 + ⋯ … . . 𝑥𝑛
2  

2.3 Random Forest  

The supervised learning framework includes the ML technique known as "random forest." Multiple decision trees 

representing the many classes in the input data set make up the RF classifier. The mean of the subsets from each tree 

is used to increase the accuracy of predictions. Instead than relying on just one decision tree, RF uses the predictions 

of all of them to arrive at a final forecast. A data-related inquiry is carried out at each node in the decision tree[21]. 

 

3. Neutrosophic Feature Selection  

It's possible that the initial collection of features had both input features that are pertinent to the future of the system 

and those that are not, as well as redundant features[22], [23]. In order to ensure that only useful features are kept for 

creation of models, the choice of features is used to weed out the superfluous ones. Filter methods, wrapper methods, 

and embedding methods are the most common types of feature selection approaches[5], [24]–[26]. 

Better judgements may be made in the actual world with the aid of Neutrosophic Sets (NS), a generalization of crisp, 

fuzzy, and intuitionistic sets. Decisions are better characterized when people shift their preferences among the truth, 

falsity, and indeterminacy functions, even if human thought is not usually articulated in crisp numbers and may be 

unclear, insufficient, incompatible, vague, etc. Multi-Criteria Decision Making (MCDM) assignment approaches for 

dependability have hitherto ignored such data. The resulting relative weight for every component is then utilized in an 

optimization problem to distribute reliabilities to components in a way that maximizes system-wide software 

dependability[27]. 

To combine developer and user feedback, AHP uses a hierarchy developed by Zahedi and Ashrafi. In a Neutrosophic 

setting, consumers, technicians, and developers compare functions, programmers, and modules at various hierarchical 

levels to account for and make use of the accessible knowledge's inherent fuzziness, imprecision, and 

inconsistency[28], [29]. 

 

4. Results  

 

The training dataset is partitioned when all processing is complete. There were four different ML classification 

algorithms used. To get the best outcomes for the available data, we used hyper-parameter tweaking and cross-

validation. The LR, SVM, and RF machine learning techniques were used, as was previously mentioned. Below, we 

detail the models we ran, the hyper-parameters we tuned, and the outcomes we found. Metrics like the B1 score, recall, 

precision, and accuracy are used to assess ML algorithmic effectiveness. Here is the equation in question: 

𝑃𝑃𝑉 =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒
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𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝑇𝑟𝑢𝑟𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒
  

 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒
∗ 100  

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =
𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒
∗ 100  

 

First apply the N-AHP method as a feature selection method. Start with building the pairwise comparison matrix by 

experts. Then normalize the pairwise comparison as shown in Table 1. Then compute the weights of criteria as shown 

in Figure 2. From Figure 2, the lowest criterion will remove.  

Table 1: Normalization matrix by N-AHP. 

 FSC1 FSC2 FSC3 FSC4 FSC5 FSC6 FSC7 FSC8 FSC9 

FSC1 0.047941 0.017704 0.018047 0.028469 0.03607 0.080502 0.080202 0.040626 0.140034 

FSC2 0.159803 0.059013 0.027317 0.015629 0.05133 0.067961 0.064037 0.060483 0.149837 

FSC3 0.217913 0.177216 0.082033 0.073081 0.035714 0.091839 0.031011 0.16141 0.050568 

FSC4 0.123559 0.277056 0.082362 0.073374 0.018038 0.091839 0.029942 0.061212 0.140034 

FSC5 0.068497 0.05925 0.118373 0.209641 0.051536 0.058063 0.010961 0.067224 0.050724 

FSC6 0.060769 0.088608 0.091147 0.081527 0.090573 0.102043 0.032883 0.157767 0.140034 

FSC7 0.053268 0.082122 0.235726 0.218376 0.418991 0.27654 0.089113 0.066677 0.033141 

FSC8 0.214982 0.17775 0.092588 0.218376 0.139664 0.117833 0.243479 0.182179 0.140034 

FSC9 0.053268 0.06128 0.252408 0.081527 0.158085 0.113381 0.418372 0.202421 0.155594 

 

 

Figure 2: The feature importance by the N-AHP. 
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Then apply the machine learning model on diabetes disease dataset from Kaggle. The dataset has nine features. Figure 

3 shows the data in the outcome for two classes.  

 

Figure 3: The outcome class. 

 

Table 2 shows the accuracy of the proposed model. The best accuracy in the RF model and the lowest accuracy in the 

LR model. 

Table 2: The results of the ML models. 

 Accuracy Precision F1 Score 

LR 76% 71% 61% 

SVM 77% 72% 62% 

RF 79% 75% 67% 

 

Figure 4 shows the heatmap between the dataset. Finally, Figure 5 shows the pair plot of the dataset.  
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Figure 4: The heat map. 
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Figure 5: The pair plot of the dataset. 

 

5. Conclusion  

The dataset provides the patient data used in this study. In this research, we constructed an algorithm for diabetes 

diagnosis by employing a number of machine-learning techniques for categorization. The methods used include 

Logistic Regression, Random Forest Classifier, and Support Vector Machine. Additionally, the accuracy of the results 

is measured as a means of gauging the effectiveness of the machine learning method. The neutrosophic sets used in 

this paper with the AHP method to select bets feature as a feature selection. The lowest feature is removed and the 

highest rank is employed in the machine learning model. The dataset has nine features. The random forest has the 

highest rank in accuracy but the logistic regression has the lowest rank. 
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