
Data Mining in Healthcare: An Overview of Applications, Techniques, and Challenges 

 

1 

Copyright © 2024 IJAIMS International Journal of Artificial Intelligence and Mathematical Sciences, Volume3, Issue 01 

 

Data Mining in Healthcare: An Overview of Applications, Techniques, and 

Challenges 

Naseer Ahmed1, Rustum Ameer2, Afrasiyab Khan2, Nooruddin2, Saba Gull1 

1Department of Computer Science, Balochistan University of Engineering & Technology, Khuzdar, 89120, Pakistan 
2Department of Software Engineering, Balochistan University of Engineering & Technology, Khuzdar, 89120, Pakistan  
 

 

E-mails: naseerbajoi@gmail.com, ameerrustum@gmail.com, afrasiiyabkhan@gmail.com, nooruddin4201sn@gmail.com 

,sabanaseerbajoi@gmail.com 

 

 

Corresponding Author: Rustum Ameer: ameerrustum@gmail.com  

 

Received: 01-02-2024; Accepted: 01-05-2024; Published: 01-07-2024 

 

Abstract: Artificial intelligence (AI) and the widespread use of electronic health records (EHRs) are driving a data-driven 

revolution in the healthcare sector mining techniques are extremely useful for deriving significant insights from the large 

and intricate datasets shaped in healthcare environments. The state-of-the-art uses of data mining in healthcare are 

examined in this paper, with a focus on AI and machine learning for personalized medicine, risk assessment, disease 

detection, and therapy optimization. We explore the difficulties that come with data mining for healthcare, including the 

requirement for interpretable models, data quality, heterogeneity, and privacy data mining and artificial intelligence work 

together in a way that has the potential to completely transform healthcare delivery, improving patient outcomes, cutting 

costs, and speeding up medical research. But it's still critical to address ethical issues and make sure data usage is 

transparent while recognizing the challenges involved, this study emphasizes the revolutionary potential of data mining 

in healthcare and offers insightful advice for practitioners and scholars in this quickly developing sector. 
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1. Introduction 

Healthcare data is expanding at an unprecedented rate as a result of the increasing use of electronic health records, or 

EHRs. Although scholars and physicians can get a lot of knowledge from this, advanced data mining techniques are necessary 

to extract relevant insights due to the volume and complexity of EHR data. Data mining has emerged as a powerful tool in 

all disciplines, data is composed of Things accumulated at a breakneck speed It is increasingly necessary to develop new 

computational theories and methods to help people extract useful knowledge derived from the vast volumes of digital data. 

The use of certain data mining techniques for pattern recognition and extraction forms the basis of the procedure[1] [2]. 

Generalization, characterization, classification, clustering, association, evolution, pattern matching, visualization of data, and 

meta-rule-guided mining are recent advancements in data mining technology[3] [4]. Healthcare is undergoing an evolution 

because of data mining and artificial intelligence (AI), which make it possible to extract insightful information from massive 

amounts of patient data [5]. Healthcare could be transformed by data mining techniques and artificial intelligence [6], 

[7]Patterns and correlations in the massive amount of healthcare data are sometimes obscured from traditional analysis[8], 

[9]  AI algorithms, particularly machine learning models, excel at uncovering complex relationships within medical datasets 

[10], [11], [12] Predictive analytics for early disease identification, individualized treatment regimens, and efficient hospital 

operations can be powered by these findings. By obtaining, purifying, and processing the raw data, data mining offers the 

fundamental framework around which A models are constructed [13], [14], [15], [16], [17].   

The healthcare sector is about to undergo a significant transformation because of data mining. Data mining techniques 

have the potential to transform illness diagnosis, treatment, and patient care by revealing hidden patterns and insights through 

the processing of large amounts of complex data. Healthcare data is expanding at an unprecedented rate as a result of the 

increasing use of electronic health records, or EHRs. Although academics and physicians can get a lot of knowledge from 

this, advanced data mining techniques are necessary to extract relevant insights due to the volume and complexity of EHR 

data. The synergistic collaboration of AI and data mining from drug discovery to patient risk evaluation boosts proactive 
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decision-making in healthcare behavior based on data. [18], [19], [20], [21], [22]. This convergence of technology can 

provide improved patients, lead to fewer healthcare costs, and quicken medical research [23], [24], [25], [26], [27]. As AI 

algorithms become increasingly sophisticated and widely accessible, their ethical connotations and the demand to make its 

data consumption more straightforward will be among the most critical considerations to consider, transforming it into an 

outstanding tool for the healthcare sector [28], [29], [30], [31], [32], [33].   

This can result in PH tools such as forecasting models for early diagnosis of the disease, algorithms to develop patient-

specific treatment plans and help hospitals optimize resource distribution. [34], [35], [36], [37]. This revolution's main engine 

is data mining, which gathers, purifies and organizes the unprocessed data that powers AI models.[38], [39], [40], [41]. This 

review delves into the state-of-the-art applications of data mining in healthcare, with a specific focus on Artificial Intelligence 

and Machine learning to help full for the researcher develop an AI tool related to healthcare. This data, which includes genetic 

information, electronic health records, and medical images, has enormous promise for enhancing diagnosis, estimating the 

risk of disease, enhancing treatment regimens, and customizing medicine. These complicated data can be analyzed by data 

mining technologies, such as machine learning and deep learning, to find hidden patterns, forecast patient outcomes, and 

develop intelligent decision support systems [42], [43], [44]. A data mining technique that is currently under investigation. 

Literature analysis and classification of articles published between 2019 to 2023 are used to analyse the progress of data 

mining techniques. The period is important because it coincides with a rise in the use of data mining techniques in the 

healthcare industry, where technology has been essential, particularly in the creation of systems for data collection from 

online databases. Using the keyword indices on the online databases Science Direct, Springer Link, Google Scholar, and 

IEEE Xplore, the search for this literature review began in 2019. There were 200 articles between 2019 to 2023. Search a 

complete article containing the phrases "data mining approaches, techniques and challenges in healthcare. The papers for 

this study were chosen from a pool of 90 publications use of data mining techniques and challenges in healthcare. 

2. DATA MINING AN OVERVIEW  

Data mining in healthcare is a rapidly developing discipline with enormous potential to revolutionize healthcare delivery, 

according to a study of the literature in this area. The first steps toward investigating the potential applications of data mining 

techniques to healthcare data were taken by Fayyad et al. and Koh and Tan [45]. indicating how well data mining works to 

forecast readmission rates in hospitals. Additionally, AI-powered data mining is proving valuable in disease detection[46] 

Singh et al. investigate its usage in cancer categorization, while [44] highlight its use in heart disease early detection. Data 

mining has the potential for tailored medicine that goes beyond diagnosis [47].  From day to day, the size of data is generally 

increasing. In all realms of technology, business, and research, the requirement to comprehend huge, complicated, 

information-rich data sets has grown. With such a big volume of data. In today's competitive climate, the ability to extract 

relevant knowledge from it and act on that knowledge is becoming increasingly important. The practice of extracting 

knowledge from data utilizing a computer-based information system (CBIS) and unique approaches is known as data mining 

[48]. 

 

2.1. FIELDS ADOPTING THE DATA MINING   

Machine Learning Method [49].Applications of Artificial Intelligence [50].Predictions of Probability [51]. and Statistics 

[52] provide the foundation for data mining. Figure 1 shows above summarizes the fields recognized in the studies evaluated. 

The disciplines referenced in the papers evaluated are shown in Figure 1.  
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Figure 1 The different disciplines reviewed for data Mining in Health Care 
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Figure 1 also shows the number of documents reviewed for different disciplines relevant to data mining in healthcare.  

The line graph depicts how many documents were reviewed across various disciplines in data mining applied to healthcare. 

The x-axis represents these disciplines, while the y-axis indicates the document count. Machine learning appears to have the 

most reviewed documents, followed by artificial intelligence and statistical probability. 

 

2.2. Models of Data Mining  

There are two main types of data mining models such as descriptive predictive and Predictive models are particularly 

useful for forecasting future or unknown values of variables of interest. To glean insightful information from massive 

volumes of patient data, healthcare data mining primarily depends on a variety of models. Conventional models such as 

regression analysis [1], are used to find correlations between variables, which helps with jobs like forecasting readmissions 

to hospitals [2]. Classification models [3], play a vital part in the diagnosis of disease by classifying patients according to 

their attributes. Clustering techniques, detailed by Han and Kamber [4], assemble similar data points to allow for the 

identification of patient subgroups with different treatment outcomes or risk factors.  The discipline has seen the introduction 

of strong new models due to the growth of artificial intelligence. Besides that, feed-forward architectures for deep learning 

[5], have excellent image analysis abilities, which benefit the field of cancer diagnosis [6]. On the other hand, due to their 

excellent skills in the management of sequential data RNNs [7], recurrent neural networks. this indicates that they are suited 

to tasks like the analysis of risk and prediction errors based on, say, patient medical records [8]. Finally, ensemble methods 

[9], can harness the strengths of multiple models, increasing robustness and accuracy. Naturally, the specific data properties 

and the task determine the best model to be used. However, issues like bias mitigation and model interpretability [10] still 

exist. All aforementioned models use supervised OL techniques to learn from previous data and make predictions on the new 

presented. For example, predictive models predict customer behavior, stock performance, and even the upcoming weather. 

On the contrary, descriptive models are used to determine certain patterns or correlations between various datasets but are 

not meant to forecast the value in the future. They are essential for better understanding the nature of the data and revealing 

unknown trends and relations. Descriptive models can be applied to the data grouping to find similarities or search for 

connections among the causality variables [8]. 

 

The quantity of research papers evaluated for different data analysis tasks is shown in Figure 2. The most reviewed studies 

were on classification tasks (18), then association (10), and clustering (8). This suggests that there was more of an emphasis 

on classification in the study that was examined, maybe as a result of things like more widely available data or a higher 

estimation of the significance of classification tasks. 

 

2.3. Tasks of Data Mining  

 

 

A model is typically put into action by carrying out a certain job. Examples include the frequent use of Clustering [9], 

Association Rules [53], and Correlation Analysis [54]techniques in Descriptive models. On the other hand, predictive 

models rely on methods like classification [55]. Regression [56]and categorization [57]  is a list of the tasks obtained from 

the publications under examination in Table 1. 
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3. Literature Review  

Once a data mining task and model have been selected, specific data mining methodologies are used to develop 

appropriate techniques, depending on the discipline under consideration. Various techniques are used for anomaly detection, 

including Gaussian mixture models, density-induced support vector data description, and standard support vector data 

description. The vector quantization technique is frequently utilized in clustering. There are several methods available for 

classification jobs, including statistical techniques, discriminant analysis, decision trees, Markov models, swarm intelligence, 

genetic classifiers, artificial neural networks, support vector machines, and association rules. These methods can be tailored 

to suit the specific data and desired outcomes and may involve the use of different algorithms, tools, and techniques. It's 

worth noting that data mining methodologies and techniques are constantly evolving, with new approaches and tools 

emerging all the time [88]-[89]. As such, it's important for the data miners to InTouch with the new techniques, by doing so, 

they can help ensure that they can effectively tackle complex data mining challenges and deliver meaningful insights [90]. 

 

Sr# Description Algorithm Author/s Reference 

1 An approach for detecting the maximum 

impactful variations in a data set is anomaly 

detection. A balanced dataset has an average 

result of 93.59 percent.  

Anomaly 

Detection 
Bo Lie et al [57], [58] 

2 The process of classifying involves 

identifying a predictive learning function 

that divides a batch of data into some 

specified classes. 

Classification 

 
Clustering Rui Velosoa [[59], [60], [61] 

3 The class is predicted using discriminant 

analysis and measurements taken from 

brand-new, unlabelled observations. 

Discriminant 

Analysis 

Armañanzas et al. and 

Jen et al 
[62], [63] 

4 The decision tree cannot be used to suggest 

predicted decisions to address imbalanced 

problems since it recursively divides 

observations into branches to construct a 

tree. 

Decision Tree 
Sharma & Om Wang et 

al and Zolbanin et al 
[64], [65], [66] 

5 In large search spaces, the particle swarm 

optimization (PSO) method can quickly 

find optimal or nearly optimal solutions. 

Swarm 

Intelligence 

Yeh et al. and Abdi & 

Giveki 
[67], [68] 

6 The method assumes that all instances are 

points in the n-dimensional space RN and 

that the parameter units are the operation's 

samples. 

K-NN 

García-Laencina  jen et 

al.  rmañanzas et alBagui 

et al and aŞahan et al 

[69], [70], [71] 

7 
It is uncomplicated to use and produces 

competitive results. 

Logistic 

Regression 

Mamiya et al. Su et 

alThompson et al and 

amanta et Zolbanin et al. 

[72], [73], [74] 

8 its intuitive and effective handling of 

missing data, as well as its computational 

effectiveness. Due to this advantage, both 

authors' models have demonstrated great 

forecast accuracy. 

Bayesian 

Classifier 

Bandyopadhyay et al. 

Armañanzas et al. Wang 

et al 

[75], [76] 

9 The method lowers the upper bound of the 

generalization error by using the structural 

risk reduction concept. In the same way that 

SVM training can be used to solve the 

original problem, it can also be used to solve 

a linear restricted quadratic programming 

problem. 

Support Vector 

Zheng et al. Kang et al 

and Su et al and García-

Laencina et al 

[77], [78], [79] 

Table 1 shows different algorithms used in data mining healthcare  
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Anomaly Detection, Classification, Discriminant Analysis, Decision Tree, Swarm Intelligence, K-NN, Logistic 

Regression, Bayesian Classifier, and Support Vector Machines are among the data mining methods utilized in the healthcare 

industry that are listed in Table 1. It includes writers who have studied various methods as well as succinct explanations of 

the goals of each algorithm. The table also contains references, which most likely lead to particular research articles linked 

to the listed authors and algorithms. Algorithms belonging to Data Mining are used in healthcare.  Healthcare encompasses 

the diagnosis, prevention, and treatment of illnesses, injuries, and other corporal and mental conditions in people [77]. The 

industry of healthcare is experiencing rapid change in many countries, with the advent of new technologies and practices. 

Given the vast amount of data generated by the healthcare sector, comprising administrative data, benchmarking statistics, 

and electronic medical records, it is often referred to as a "data-rich environment" Despite this wealth of data, it is often 

underutilized. Data mining has the potential to uncover valuable insights from these vast data sets, as described in section 

2.0. By analysing this data, data mining can help doctors make more informed clinical decisions and improve patient care. 

Consequently, data mining is becoming increasingly prevalent in the healthcare industry [80]. 

4. Challenges in Healthcare Data Mining 

Data mining holds immense potential to transform the healthcare sector, but its application still faces significant 

challenges. Data quality issues, such as missing values, inconsistencies, and noise, can hinder the reliability and accuracy of 

models [[81] [82] The heterogeneous and complex nature of healthcare data, encompassing structured records, unstructured 

notes, and medical images, adds to the complexity of data preprocessing and integration [83], [84]Privacy and security 

concerns remain paramount due to the sensitive nature of personal health information, and ethical considerations in data use 

must be meticulously addressed  [85]. Moreover, the interpretability of data mining models for the healthcare provider is a 

vital factor. Complicated “black box” models are often poorly understood and thus do not foster trust on the part of clinicians 

[86], [87]. 

 

5. Discussion 

This studied research reiterates many of the challenges that continue to persist when data mining is used in health and 

poor-quality data insecurity. Some of the features of poor data quality include noise, inconsistencies, and missing values, all 

of which hinder the dependability of generated models. The data in healthcare is complex, with unstructured notes, structured 

records, and various medical pictures all contributing to making data integration more difficult. Additionally, ethical and 

technological safeguards must be implemented in large-scale data undertakings to safeguard patient information. Lastly, the 

implementation of complicated data mining algorithms in clinical contexts may be hampered by their intrinsic lack of 

interpretability. Future studies should give special attention to data governance, sophisticated data integration methods, 

privacy-preserving technologies, and the creation of explainable AI models in the healthcare industry to fully realize the 

promise of data mining. According to the studies analyzed Data mining as previously noted, the accuracy of approaches 

varies between the training and testing sets, based on the properties of the size of the data sets.  Highly unbalanced data sets 

are common in healthcare, and unbalanced majority and minority classifiers lead to erroneous predictions when the classifiers 

are run. Another element to examine is the presence of missing values in healthcare data sets. The sample size of the data is 

usually regarded as another feature because the data is frequently on a tiny scale. There is no single data mining method that 

can solve all of these issues. 

6. Conclusion 

Data mining is being used more and more in the healthcare industry, showcasing its ability to analyze illnesses, aid in 

medical diagnosis, and forecast health outcomes. Even if data mining has enormous benefits, difficulties still exist. To 

guarantee trustworthy and useful insights, data quality, complexity, privacy issues, and model interpretability must all be 

properly taken into consideration. Investing in explainable AI, advanced integration techniques, privacy-preserving 

technology, and data governance is crucial to achieving optimal accuracy and confidence in health diagnosis. The use of data 

mining in healthcare will probably require a careful balancing act between addressing its inherent challenges and maximizing 

its potential withstanding these difficulties, there is no denying data mining's revolutionary potential in the medical field. 

Through sustained investment in research, development, and ethical implementation, the potential to improve patient care 

can be fully realized. 
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