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Abstract

Diabetes is a chronic metabolic disorder associated with high blood sugar that can adversely affect the eyes, heart,
kidneys, and nerves of our body. Early prediction can be valuable for effective management and better treatment of the
disease. Here, machine learning plays a significant role in analyzing large amounts of data and finding hidden
information from it and predicting outcomes accordingly. This study reviews various classification and preprocessing
techniques used for diabetes prediction in recent years. It covers machine learning methods, including decision trees,
Naive Bayes, Support Vector Machine, random forests, ensemble learning methods, deep learning methods like
Convolutional Neural Network and Long Short-Term Memory. It also discusses the impact of various preprocessing
techniques like missing value imputation, data balancing, and feature selection on model performance. Visualization
charts of related work are also presented for better understanding. Small dataset, limited features, quality of data, and
lack of model interpretability are some key challenges in this area. Future research in the area should focus on improving
these challenges and provide a better tool for early management and treatment of diabetes.
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Introduction And Background

Diabetes is a health issue characterized by high blood sugar (glucose) levels, with glucose originating from the
carbohydrates present in our diet, acting as the primary energy source for the body. Insulin, a hormone, plays a vital role
in controlling blood sugar levels within the body. The pancreas releases insulin into the bloodstream, lowering the
amount of sugar. When the pancreas body does not make enough insulin or cannot use it effectively, sugar levels start
increasing in your bloodstream, which is called hyperglycemia. It affects people of all ages. Diabetes is a chronic disease
that can result in long-term complications, such as cardiovascular disease, nerve damage, kidney problems, vision issues,
and foot-related complications [1]. In India, with a population of approx. 1.3 billion, 75 million diabetes cases are reported
with a prevalence rate of 9.6%. It is also noted that 43.9 million cases are undiagnosed. The mean health expenditure on
diabetes is $92 per person annually. One million deaths happen in India each year just because of diabetes. Globally, it is
around 7.9 billion, and there are 537 million diabetes cases reported with a prevalence rate of 10.5% among adults.
Worldwide, 232 million cases remain undiagnosed. Healthcare expenditure on diabetes varies by country. Diabetes is the
cause of approx. 6.7 million deaths annually worldwide. The statistical analysis shows that non-communicable diseases
like diabetes contribute significantly to the overall disease burden and mortality in both India and the world. It
emphasizes the need for early detection and accurate prediction for effective management and to address the growing
public health concern associated with the disease [2,3]. Diabetes is of different types - Type 1 diabetes, Type 2 diabetes,
prediabetes, and gestational diabetes. Type 1 diabetes occurs mainly in infancy. In Type 1 diabetes, the body generates

How to cite this article:

Goyal M, Singh D (June 22, 2026) Machine Learning and Data Preprocessing Methods for Diabetes Prediction: A Systematic

Review With Visual Insights. Cureus J Comput Sci 3 : es44389-026-00130-x. DOI https://doi.org/10.7759/s44389-026-00130-

X Page 1 of 21


https://cureusjournals.com/users/78209-meenu-goyal
https://cureusjournals.com/users/78209-meenu-goyal
mailto:meenuphd285@cdlu.ac.in
mailto:meenuphd285@cdlu.ac.in
https://cureusjournals.com/users/78210-dilbag-singh
https://cureusjournals.com/users/78210-dilbag-singh
javascript:void(0)
javascript:void(0)

Machine Learning and Data Preprocessing Methods for Diabetes Prediction: A Systematic Review With Visual Insights

no insulin or very little insulin. To control diabetes insulin injection is needed. Type 1 diabetes increases the chances of
heart-related disease and stroke. The main symptoms of Type 1 diabetes include thirst, hunger, and eye-related disorders.
Type 2 diabetes mainly occurs in adults, and it results when the body does not react to insulin. Type 2 diabetes also
increases the chances of heart-related problems. Type 2 diabetes symptoms include high blood pressure and weight
gain. Prediabetes occurs if the blood glucose level increases from the normal level, but symptoms are very low and
difficult for the doctors to identify. With the help of exercise and weight loss, the risk of prediabetes can be lowered.
Prediabetes increases the chances of heart-related problems and Type 2 diabetes. Gestational diabetes occurs during
pregnancy in women [4]. Type 2 diabetes adds up to approximately 90% of all diabetes cases. This form of the disease is
defined by persistent high blood sugar levels and the body's inability to effectively regulate glucose levels, resulting in
excessive amounts of sugar in the blood stream. Type 2 diabetes is more common in older adults and is often associated
with obesity or being overweight. Early detection of the disease can significantly improve the chances of successful
management and recovery. Advancements in technology, including machine learning (ML) and deep learning (DL)
methods have become valuable tools in the early prediction and analysis of this condition [5].

With the advancements in technology, ML plays an important role to enhance the accuracy of medical diagnoses,
personalize healthcare, and find critical insights from large datasets provided by the healthcare industry. These numerous
datasets are analyzed using ML algorithms to identify important patterns and forecast results. The use of ML algorithms
can help healthcare providers to improve decision-making, thereby advancing the quality of healthcare. In the healthcare
sector, ML can be used in many different forms [6]. ML techniques can analyze data from various sources, like electronic
health records, to identify the likelihood of hospital readmission or the development of chronic conditions. It helps in the
identification of patients with high risk and provides a complete plan to avoid serious issues. ML algorithms trained on
medical data, such as electronic health records and medical imaging like X-rays and Computed Tomography (CT) scan,
help in diagnosing the disease and deciding appropriate treatment strategies. ML techniques can be integrated with
clinical decision systems that help healthcare professionals make better-informed decisions about patient care [7].

The study discusses a detailed review of numerous classification and preprocessing techniques used in diabetes
prediction. Also, the impact of preprocessing techniques to improve the model performance by improving the data
quality is highlighted.

The study contributes to:

- Systematic analysis of recent ML/DL-based diabetes prediction studies.
- Comparing preprocessing strategies and their impact on performance.
« Presenting visual insights to highlight research trends.

- Identifying gaps related to dataset diversity and explainability.

Methodology

The study followed a structured approach to analyze various techniques used in diabetes prediction. The study
conducted a review using papers collected from Scopus (Elsevier), selected as the primary database due to its extensive
multidisciplinary coverage, including indirect indexing of content from major sources such as PubMed (biomedical
literature), Web of Science (multidisciplinary sciences), and IEEE Xplore (engineering and computing). Furthermore,
preprocessing and classification techniques used in the paper are analyzed in detail. Finally, a comparative discussion is
conducted based on the findings and key insights of the study. In the end, the work is concluded with the future scope of
the study.

The study selection process is shown in Figure 7.

Search Strategy
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Primary "Early diabetes prediction'" OR '"blood sugar prediction"
Keywords "diabetes prediction"
using (OR)
AND
Secondary "Machine Learning' OR '""Deep learning"
Keywords
with (OR)

FIGURE 1: Primary and secondary keywords used in search.

Eligibility Criteria

Inclusion criteria: The inclusion criteria are as follows:

- Studies published from 2018 onwards (to capture recent advancements in ML/DL for diabetes prediction)
« Studies written in English.

- Peer-reviewed journal or conference articles (ensuring rigorous validation and reproducibility).

- Studies available in open access (for equitable full-text review and accessibility).

- Studies that focus on ML, DL, preprocessing techniques, or equivalent Artificial Intelligence (Al) methods for the
prediction of diabetes mellitus (including early detection or blood sugar forecasting).

Exclusion criteria: The exclusion criteria are as follows:

- Studies published earlier than 2018.

« Studies not written in English.

- Studies other than peer-reviewed journal or conference articles (e.g., books, reviews, editorials, or preprints).
- Studies not available in open access.

- Studies that do not apply ML, DL, preprocessing techniques, or equivalent Al methods for the prediction of diabetes
mellitus (e.g., non-predictive or traditional statistical analyses only).
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Figure 2 presents the distribution of articles included in the systematic review. Out of a total of 98 references included in
this study, 95 studies were considered for the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) and systematic review process. The remaining three references consist of general background, including
diabetes facts and Intent Detection Framework (IDF) reports, and were therefore not included in the PRISMA study count.

Identification of studies via databases ]

Records removed before
screening:
Records that are not related
to Computer science and
Engineering field (n = 37)

Records excluded (Oher than
English language):
(n=3)

Records excluded after eligibility
assessment: (n=489)
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FIGURE 2: PRISMA flow diagram of study search and selection.
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Review

Researchers developed various models using ML techniques such as logistic regression, XGBoost, Random Forest (RF),
Support Vector Machine (SVM), Decision Tree (DT), K-Nearest Neighbor (KNN), Naive Bayes, and gradient boosting for
diabetes prediction. Ensemble learning techniques such as bagging and boosting ensemble models are effective for the
classification. DL techniques such as deep neural networks (DNN) are also used for diabetes prediction and have shown
better performance. Different feature selection methods are studied to find the most significant features for diabetes
prediction. The challenges related to imbalanced and missing datasets are handled using different imputation
techniques and data augmentation methods, as discussed in the studies given below.

El-Sofany et al. [8] proposed a system for diabetes prediction at its early stage, using distinct ML approaches. The publicly
available Pima dataset was used for the study, having 768 samples and 8 attributes. The dataset consists of
missing values, and these missing values are imputed by the mean value, and it is an imbalanced dataset, having 268
positive samples and 500 negative samples. The Synthetic Minority Oversampling Technique (SMOTE) is used to handle
the imbalanced dataset. The experiment was performed with and without SMOTE, and there was a large difference in the
performance. With balanced data using SMOTE, it gives much better performance. Out of all the ML techniques used in
the study, XG Boost performed the best. Additionally, a mobile app had been created to predict diabetes symptoms on
the spot. Although the study has some limitations, such as dataset size, imbalanced classes, and selection of the best
algorithm, this limitation will be addressed in future research by incorporating advanced techniques for improving
accuracy and usability [8].

Tripathy et al. [9] used distinct ML and DL algorithms for diabetes prediction. The Pima dataset was used to conduct the
experiment. The study then concluded that the performance of the Long Short-Term Memory (LSTM) model was better
than the standard ML algorithm in the prediction of diabetes. The performance of the model can be further enhanced
with correct preprocessing and increased data size.

Prabhakar et al. [10] developed a framework for diabetes prediction using a cloud-based ensemble learning technique
(DPUCE). A bagging ensemble classifier with three base learners, DT, SVM, and Artificial Neural Network (ANN), and the
Pima dataset were used for the study. The proposed ensemble model gives good results as compared to single classifiers.
The work can be extended with multiple classes of datasets and also used image and textual datasets [10].

Alnowaiser proposed a tri-ensemble approach to diagnose the disease at its early stage that is necessary for timely
treatment. In the tri-ensemble model, three different classifiers (XGB, ETC, RF) with voting mechanisms are used. For any
model to achieve good performance, handling the missing values of the data is necessary. In that study, the research's
main focus was on the missing values of the Pima dataset. To handle the missing value, the KNN imputation method was
used. The Pima dataset with deleted missing values and with KNN-imputed missing values is trained on the proposed tri-
ensemble classifier. It was found that the KNN imputation method gave better results. Furthermore, to improve the
performance, explore DL techniques and use a large dataset with large dimensions [11].

El-Bashbishy & El-Bakry [12] proposed a diabetes prediction model based on DL technique. The dataset collected for the
study from MUCHD Hospital consists of 548 samples and 18 attributes, and missing values of the data are replaced with
the mean. Standardization and normalization methods are used for feature scaling. For feature selection, the Pearson
correlation method was used and found that seven features are most significant and relevant. The Deep Neural Network
(DNN)-based Multi-Layer Perceptron (MLP) method was used for prediction with batch size of 10, a 50-epoch size, and
Stochastic Gradient Descent (SGD) optimizer to tune the parameters of DNN algorithm. Two activation functions,
Rectified Linear Unit (ReLU) and Sigmoid, are used for 1 to 9 hidden layers. The relay activation function was used, and for
the 10th hidden layer, the sigmoid function was used. The proposed model showed better performance. To achieve
further improvement, the model is trained with a large dataset. The work is extended to determine the type of diabetes. It
is also advised to explore the system by combining it with other medical scan images of eyes, chest, etc. [12].

Tiwaskar et al. [13] mainly focused on imputation methods for medical datasets. There are two approaches to handle the
missing values in the dataset. First, eliminate the missing values, and second is to impute the missing values with some
imputation techniques. The first method has some limitations, such as reduction of data size, elimination of some
important row and wastage of effort, time, and cost of the data collection. The alternate approach to impute the missing
value was used in that study. For imputation, three methods, KNNI, MICE, Miss Forest, were used on the Pima dataset with
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complete dataset and imputed dataset. Four classifiers named SVM, RF, AdaBoost, and XGBoost and 11 evaluation metrics
were used to measure the performance. It was found that the Pearson correlation coefficient (PCC) is the best criterion for
finding the relation before and after imputation. The Miss Forest imputation method achieves best result with the SVM
classifier.

Ma et al. [14] proposed a system to predict coronary heart disease (CHD) in diabetic patients. For that experiment, a
dataset was collected from Luzhou Hospital in China. It consists of 300,089 samples with 9,851 positive samples, 290,238
negative samples, and 76 attributes. Duplicate and irrelevant records are removed from the data. Analysis of Variance
(ANOVA) and IF feature selection methods are used, and the top 9 features are selected. To train the dataset, XGB, LR, and
RF methods were used, and RF achieved the best performance. Findings from the study help to understand the risk
factors for CHD related to diabetes. In that study, an imbalanced dataset and limited features were used; in the future,
explore DL-based ensemble learning methods to overcome the problems.

Qi et al. [15] proposed an ensemble framework to predict diabetes on fusion of key features (KF Predict Framework). Pima
dataset was used and the missing value of the data was imputed with the mean. For feature selection, the correlation
coefficient method was used, and three features were chosen as key features and five were chosen as second features. A
further multi-input-based neural network was used to fuse the key features and secondary features for classification.
Finally, the soft voting ensemble classifier containing three methods (SVM, RF, and KNN) is used for prediction and
achieves good performance. The study was biased towards only one gender, so use a different gender dataset and the
blood glucose fluctuation problem.

Chandramouli et al. [16] proposed a hybrid bagging classifier for diabetes prediction on a Kaggle dataset. The median
value is used for missing-value imputation, and optimal features are selected using the Recursive Feature Elimination
(RFE) technique. The hybrid bagging classifier has the highest accuracy of 92%.

Houari et al. [17] proposed an automated diabetes prediction system with risk factor assessment using algorithms such as
SVM, KNN, DT, and LR. The dataset used in the study was collected from Algeria. For data preprocessing, median values
are used for missing-value imputation, and the ANOVA and RFE methods were used for optimal feature selection. It is
observed that KNN method gave the best result due to its advantage of the nearest-neighbor approach.

Roobini et al. [18] proposed a diabetes prediction model and analyzed it with two datasets. Different ML classifiers, DT,
NB, MLP, and RF are experimented with Pima and SYLHET datasets. It is observed that the RF classifier had the best
performance.

Atif et al. [19] conducted a study to determine the best model for early diabetes prediction on the SYLHET dataset. They
used different ML and ensemble learning classifiers to measure the performance. The chi-square technique was used to
select the optimal features. It is observed that ensemble learning classifiers such as gradient boosting, AdaBoost, and
random forests gave the best results.

Saihood & Sonuc [20] developed a diabetes prediction model based on three stages: data preprocessing, hyperparameter
tuning, and ensemble learning. In data preprocessing, the mean value is used for missing-value imputation, RFE is used
for optimal feature selection, SMOTE techniques are used for data balancing, and the grid search method was used for
hyperparameter tuning. The experiment was performed on the Pima dataset. It is observed that the stacking ensemble
method gave the best performance.

Sharma et al. [21] proposed an automated cloud-based e-health system for diabetes detection at an early stage. Extreme
Learning Machine (ELM, a type of ANN) method was used for training. The Pima dataset was used for the study, and
optimal features are selected by Principal Component Analysis (PCA). The experiment was conducted in a local
environment as well as in a cloud-based environment. It is observed that the proposed model gave an accuracy of 90%
and performed faster in a cloud-based environment.

Assegie et al. [22] developed a gestational diabetes prediction model using the KNN method. The Pima dataset was used
for the study. It is observed that KNN method with grid search gave an accuracy of 82.5%.

Flores et al. [23] compared different ML approaches for early-stage diabetes prediction. Here, the classifiers that are used
are RF, SVM, and NN. The SYLHET Bangladesh dataset was used for the study and relied on the method used for optimal
feature selection. It is observed that RF had the best performance.

Yadav et al. [24] proposed a model for diabetes risk prediction to make clinical decision. The experiment was performed
on multiple datasets using ML and ensemble learning classifiers. Optimal features are selected using Boruta approach,

How to cite this article:

Goyal M, Singh D (June 22, 2026) Machine Learning and Data Preprocessing Methods for Diabetes Prediction: A Systematic

Review With Visual Insights. Cureus J Comput Sci 3 : es44389-026-00130-x. DOI https://doi.org/10.7759/s44389-026-00130-

X Page 6 of 21


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Machine Learning and Data Preprocessing Methods for Diabetes Prediction: A Systematic Review With Visual Insights

SMOTE used for data balancing, and GS_GWO method was used for hyperparameter tuning. It is observed that staking
classifier had the best performance.

Vijiyakumar et al. [25] proposed a model to predict diabetes using feature importance-based fusion technique. The
experiment performed on a private dataset was collected from Saudi Hospital using ML and ensemble learning classifiers.
Permutation, SHapley Additive exPlanation (SHAP), and Internet Gateway (IG)-based fusion method was used for features
selection. It is observed that SVM and RF gave the best performance. Shimpi et al. [26] developed decision-level fusion-
based hybrid classifier for diabetes prediction. Pima dataset was used for the study. Different ML classifier for training and
Program-Specific Outcome (PSO) was used for hyperparameter tuning. It is observed that SVM, KNN, RF based fusion had
the best performance. Li et al. [27] proposed a model to find the key influential factors of diabetes. LR model was used for
the study, and the dataset was collected from China Hospital. Root-Mean-Square Error (RMSE) with LR model had the
accuracy of 93%, age and blood sugar are key influencing factor. Dogru et al. [28] proposed a hybrid super ensemble
model for early-stage diabetes prediction on Pima and SYLHET dataset. Chi-square approach was used for feature
selection and grid search-based hyperparameter tuning was performed. It is observed that proposed Super learning
model [at level 0 base learners (LR, RF, GB, DT) are used and at level 1 SVM meta learner is used] had the best
performance. Zhou et al. [29] proposed BROUTE-based features selection method and ensemble learning for early
diabetes prediction on Pima and SYLHET dataset. It is observed that proposed model provides best results as compared
to traditional method. Zohair et al. [30] proposed diabetes prediction model in binary and multiclass classification using
fusion-based approach. It is observed that stacking ensemble method had the best performance. Kakoly et al. [31]
proposed diabetes prediction using ML and features selection technique on Bangladesh dataset. It is observed that LR
obtained 82.2% accuracy after balancing the dataset using SMOTE and glucose is the most relevant factor. Gupta et al.
[32] DL model for diabetes prediction suing Pima dataset and obtained 84.42% accuracy. Rupapara et al. [33] proposed
ensemble learning model based on logistic regression and extra tree classifier for diabetes prediction on Pima dataset.
Proposed model obtained 85% accuracy. AlZu'bi et al. [34] experimented with different classifier on Pima dataset and
obtained highest accuracy of 82% using Adaboost technique. Priyanka et al. [35] focused on diabetes prediction using
DL-based Computational Neural Network (CNN) approach with Pima dataset and it improved the performance.

Aslan & Sabanci [36] proposed DL technique for diabetes prediction. In this study, numerical Pima dataset is converted
into Image dataset and CNN-SVM-based model is used for training. The proposed model obtained accuracy of 92.19%.
Alghamdi study predicts diabetes using different data mining classification techniques. Using the XGB model on the Pima
dataset, it obtained 89% accuracy [37].

Healthcare Engineering used different ML classifiers on the Pima dataset. Using grid search with LR model, it obtained
86% accuracy [38].

Roobini & Lakshmi [39] used the DL-based model LSTM for diabetes prediction. Along with LSTM PCA and grid search
used for feature selection and hyperparameter tuning. The proposed model reduces the execution time and achieves the
best performance.

Ahamed et al. [40] proposed a diabetes prediction model with feature augmentation. The Pima dataset was used, and the
random oversampling method was used and obtained 89.5% without augmentation and 92.5% with augmentation.

Naz et al. [41] proposed a hybrid model based on DT-DL and the SMOTE method for diabetes prediction on the Pima
dataset. The proposed method shows better performance compared to the individual.

Alex et al. [42] focused on diabetes prediction using deep CNN. The Pima dataset was used with removed missing values
and balanced using the SMOTE method. The proposed model with the Adam optimizer obtained 86.29% accuracy.

Dutta et al. [43] applied ensemble learning methods on the DDC-2011 and DDC-2017 datasets. The experiment was
performed with multiple preprocessing techniques. The proposed ensemble model with grid search optimization
obtained 73.5% accuracy.

Jagini et al. [44] used ANN on Pima dataset and obtained 86.2% accuracy with 20 neurons in two hidden layers. Li et al.
[45] focused on the ML and neural network method for diabetes prediction using the Pima dataset. Genetic algorithm
used for feature selection. The neural network with two hidden layers obtained the highest accuracy of 88.6%.
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Model References
LR [27,31,38,46,47,48,49]
DT [50,51]
SVM [13,25,36,52,53,54,55,56]
KNN [17,22]
RF [14,18,23,25,57,58,59,60,61,62,63,64,65]
Ensemble Learning (Bagging, Boosting, Stacking, XGB, GB, SGB, [8,10,11,15,16,19,20,24,26,28,29,30,34,37,40,43,45,66,33,67,68,69,7
LGB, AdaBoost) 0,71,72,73,74,75,76,77,78 ,79,80,81,82,83,84]
ANN [21,44,85,86]
MLP [12,87,88]
DNN [32,57,89,90,91,92,93,94]
CNN [35,36,42,95,96]
LST™M [9,39,97]
DT-DL [41]

TABLE 1: Different classifiers used for early diabetes prediction.

LR, Logistic Regression; DT, Decision Tree; SVM, Support Vector Machine; KNN, K-Nearest Neighbor; SGB, Stochastic Gradient
Boosting; LGB, Light Gradient Boosting; ANN, Artificial Neural Network; DNN, Deep Neural Network; CNN, Convolutional Neural
Network; LSTM, Long Short-Term Memory; DT-DL, Decision Tree-Deep Learning

Figure 3 shows the frequency of different classification techniques used in diabetes prediction studies.
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Different ML and DL techniques used in the
Study

Ensemble Learning (Bagging, Boosting,...
RF (Random Forest)
DNN (Deep Neural Network)
SVM (Support Vector Machine)
LR (Logistic Regression)
CNN (Convolutional Neural Network)
ANN (Artificial Neural Network)
LSTM (Long Short-Term Memory)
MLP (Multi-Layer Perceptron)
KNN (K-Nearest Neighbors)
DT (Decision Tree)
DT-DL (Decision Tree-Deep Learning)
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FIGURE 3: Frequency of different classification techniques used in the studies.

LR, Logistic Regression; DT, Decision Tree; SVM, Support Vector Machine; KNN, K-Nearest Neighbor; ANN, Artificial Neural Network;
DNN, Deep Neural Network; CNN, Convolutional Neural Network; LSTM, Long Short-Term Memory; DT-DL, Decision Tree-Deep
Learning
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[83] SYLHET BANGLADESH KNN IMPUTER = =

[84] PIDD - - GWO, APGWO

[85] PIDD MEDIAN - -

[86] PIDD MEAN - PEARSON
CORRELATION

[88] FIMMG = = APCA

[93] PIDD - - FEATURE IMPORTANT
SCORE

[94] NHANES = = BIVARIATE ANALYSIS
USING LOGISTIC
REGRESSION

[95] PIDD MEAN - -

[96] PIDD ® = SAE, VAE

[97] CGMS - SMOTE INFORMATION GAIN

[98] PIDD, SYLHET = SMOTE T-DISTRIBUTED SNE

BANGLADESH

TABLE 2: Different preprocessing techniques used in the studies.

LR, Logistic Regression; LGB, Light Gradient Boosting; SMOTE, Synthetic Minority Oversampling Technique; ANOVA, Analysis of
Variance; PCA, Principal Component Analysis; RFE, Recursive Feature Elimination; RPE, Reward Prediction Errors; SHAP, SHapley
Additive exPlanations; RMSE, Root-Mean-Square Error; RF, Random Forest; ICA, Independent Component Analysis; SAE, Sparse
Autoencoders; VAE, Variational Autoencoder; SNE, Stochastic Neighbor Embedding

Figure 4 shows datasets and preprocessing techniques used in the reviewed literature.

How to cite this article:

Goyal M, Singh D (June 22, 2026) Machine Learning and Data Preprocessing Methods for Diabetes Prediction: A

Systematic Review With Visual Insights. Cureus J Comput Sci 3 : es44389-026-00130-x. DOI

https://doi.org/10.7759/s44389-026-00130-x Page 12 of 21


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Machine Learning and Data Preprocessing Methods for Diabetes Prediction: A Systematic Review With Visual Insights

Datasets Data balancing Techniques used
in the Study
mPIDD
40
W SYLHET 30
BANGLADESH
20
u NHANES
OTHERS 0
Smote others none
Missing Value Handling techniques Features Selection Techniques
used in the Study used in the Study
30 15
25
10
20
15 5
5 .
0 - v av (\q’b ¥ \)Jb(?x © \_}O(\' Qf;(' x e:f'r eo(&
W a0
Mean Median KNNI Miss  MICR None v \('\\bu ée'\ ©
&) e

forest

FIGURE 4: Dataset and different preprocessing techniques used in literature.

ANOVA, Analysis of Variance; SMOTE, Synthetic Minority Oversampling Technique; RFE, Recursive Feature Elimination; PCA,
Principal Component Analysis

Discussion
Dataset

The majority of studies in the field of diabetes prediction have utilized the publicly available Pima Indian Diabetes
Dataset. It was referred to as PIMA or PIDD. The Pima Indian repository dataset is one of the oldest datasets available in
the repository. It contains 768 samples; out of it, 268 are positive samples and 500 are negative samples. It consists of
eight variables that are used to predict diabetes, including the number of pregnancies (PRG), triceps skin-fold thickness
(thickness), insulin level (insulin), family history (pedigree), diastolic blood pressure (BP), plasma glucose concentration
after 2 hours of oral glucose tolerance test (OGTT; plasma), age, and body mass index (BMI; body), and one output
variable, diabetes (yes or no). The sample size of the Pima dataset is very small. Along with it, some researchers use
different private and public datasets.

Data quality issues: raw datasets face several challenges that should be addressed before applying machine learning
classifiers for disease prediction. And to solve the challenges, different techniques are used in the literature as discussed

further.

Missing Value
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Missing values are simply the data that have no value, and they are denoted by “N/A” or null. Sometimes missing values
are caused by human error during data entry, or the patient does not provide that information. Large numbers of missing
values in datasets affect the performance of the model. It is important to handle the missing data effectively. One way to
handle the missing values is to simply remove the missing data, but in most cases that is not suitable. There is another
method, the imputation process, to impute the missing value. In literature, several imputation techniques are used to
impute the missing data. In literature, different imputation techniques are used to handle missing values, like mean
[8,12], median [16,17], and KNN imputation [11]. The study [11] used the KNN imputation method and improved the

accuracy by 7%.
Data Balancing

When the samples in different classes are uneven, the problem will occur. In the medical dataset, mostly healthy patients
are more than unhealthy patients, and it is divided into two classes: minority class and majority class. It affects the
model's performance as the model performs poorly on the minority class and is biased towards the majority class. In
literature, to handle imbalanced data, the SMOTE technique is used as given in El-Sofany et al., Saihood & Sonug, and
Kakoly et al. [8,20,31], and the El-Sofany et al. study [8] showed significant improvement in performance after balancing
the dataset, as shown in Figure 5.

Performance of Ensemble Model With/ Without
Smote Technique

100
90
80
70
Ensemble Model Ensemble Model
(XGBOOST) (XGBOOST) with
Smote

FIGURE 5: Ensemble model performance with or without missing-value imputation in literature.

Feature Selection and Extraction

Feature engineering is a process to find out the most relevant features that contribute to the prediction and remove
irrelevant, redundant, or noisy features that are not contributing to the prediction process. It simplifies the model for
interpretation and reduces the training time. In literature, different feature selection techniques are used, such as chi-
square, ANOVA, correlation analysis, RFE, etc. Feature extraction involves converting the original set of attributes into a
new set to reduce the dimensionality of the data. In literature, various techniques were used for feature selection.
Chandramouli et al. [16] used the RFE method to select a maximum of nine features for training. Houari et al. [17] used
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ANOVA and RFE methods to choose relevant features for the study and selected nine optimal features based on the Pima
dataset. There is a significant improvement in the performance after applying feature selection. The performance of KNN
was 92.80% (ACC), whereas with ANOVA it was 97.60% and with RFE it was 95.2%. Atif et al. [19] used the Chi-square
feature selection method to remove two features with the least Chi-square value. Sharma et al. [21] used PCA and
selected five optimal features. Assegie et al. [23] used the relief-based feature selection method, and one attribute
weakness was eliminated because of unlikely symptoms of diabetes, affecting the results. Dogru et al. [28] selected five
and nine features using the Chi-square value method.

Algorithm Selection

There is a need to improve the performance of an algorithm for better diabetes prediction and monitoring. Thus,
optimization techniques are an essential part of the working of ML algorithms. Optimization techniques are important for
tuning parameters of a model in a manner to minimize the loss function. A loss function is a way of measuring how good
the model performs by determining the difference between the predicted and actual values. Hence, it is an iterative
approach to adjusting the parameters of fine-tuning the model. Suitable parameter adjustments ultimately provide
better cumulative performance. El-Sofany et al. [8] used the ensemble learning technique XGBoost, Alnowaiser [11] used
a tri-ensemble classifier, Saihood & Sonug [20] used a stacked model, FLores et al. [23] applied the RF method, and in
Verma et al. [67], the gradient boosting approach outperforms traditional ML algorithms. In addition, DL techniques were
used. Tripathy et al. and Roobini & Lakshmi [9,39] used the LSTM, El-Bashbishy & El-Bakry study [12] used the
MLP method, and Priyanka et al. [35] used the CNN method and showed better performance compared to traditional
machine learning techniques. For hyperparameter tuning, different optimizer techniques were used. El-Bashbishy & El-
Bakrystudy and Singh et al. [12,78] used the SGD optimizer, in Kakoly et al. and Saihood & Sonug [20,31] grid search-
based methods were used, in Dutta et al. and Patro et al. [95,43] the Adam optimizer was used, and in Joseph et
al. [98] the AdaGrad optimizer was used to adjust the hyperparameters effectively. The frequency of the best-performing
models is shown in Figure 6.

60
50
40
30
20
10
) - - l l ‘m
N < Q > Q& & R SN
D VG AR G
‘Q\e’
e@

<&
B Total count M Best performed

FIGURE 6: Frequency of best performed model in literature.

LR, Logistic Regression; RF, Random Forest; SVM, Support Vector Machine; ANN, Artificial Neural Network; DNN, Deep Neural
Network; CNN, Convolutional Neural Network; LSTM, Long Short-Term Memory; MLP, Multi-Layer Perceptron
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Conclusions

A detailed review of diabetes prediction using various ML methods has been analyzed in the study. Literature provides
different ML, ensemble learning, and DL methods. Ensemble learning techniques have shown promising results, as they
combine multiple base learners that overcome the weaknesses of single classifiers and provide good results.
DL techniques also perform better. Secondly, the quality of the dataset is a major factor in achieving the best results with
the minimum prediction error. It is found from the literature that by imputing missing values, accuracy increased by 7%,
and with balancing the data, performance improved by 14%. Thus, data quality plays a major role in model performance.
To reduce the dimensionality of the dataset, various feature selection techniques are used to select the most relevant
features and remove others on the basis of the respective technique used in the study. There are several challenges that
should be focused on in future studies.

Future work should prioritize developing a more generalized and robust model that can perform well on multi-center
datasets. Use advanced techniques like ensemble methods with deep learning methods as a base learner and
explainable Al to enhance the performance and interpretability of the model. The black-box nature of the Al system
affects transparency, interpretability, and trust in the model. These models just provide the predictions but do not give
the reasoning behind the prediction that creates a gap between the machine and humans. To develop a user-oriented
system, integration of the model with explainable Al is needed in critical fields like healthcare, where each decision
should be taken very precisely. By addressing these challenges, the diabetes prediction field can progress in creating
models that not only provide accurate predictions but also provide insights that help in effective disease management
and prevention and improve the overall healthcare sector.
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