WEP Transactions on Economics, Business and Management Research

[T R ISSN: 2960-1789, eISSN: 2960-2254 | Volume 8
MPonioning ] EMEHSS 2024

Research on the application of data mining in the field of
healthcare

Wanwan Ding, Juntao Fang*

School of Management, Tianjin University of Traditional Chinese Medicine, Health Industry Park,
Jinghai District 301617, Tianjin, China

Abstract: The healthcare big data industry is rapidly developing globally, and data mining and
knowledge services in the healthcare field have become one of the core demands for its
development. Data mining in healthcare is beneficial to improve the efficiency of diagnosis and
treatment of patients, which is helpful to formulate more effective treatment plans and reduce medical
costs. In this paper, we searched the core journals on China Knowledge Network and web of science
by subject terms, and eliminated the irrelevant articles for literature counting. In this paper, the
commonly used models and algorithms of data mining in healthcare are firstly elaborated; then the
progress of the application of this technology in assisting medical tasks, optimizing resource
allocation and improving health information services are respectively reviewed, summarizing the
segmentation, classic algorithms and representative studies implied by each application. However,
the application of data mining technology in healthcare also faces some problems, from data
collection, to data cleaning, preprocessing, visualization, to the selection of algorithms and
evaluation of results, each link is full of difficulties and challenges. Finally, this paper proposes future
research directions such as diversifying data sources, strengthening security and privacy protection,
developing visualization and analysis tools, accurately using big data to improve the service level of
healthcare institutions, semanticizing electronic medical records mining, and improving cancer
prevention. At the same time, data mining is deeply integrated with cloud computing, artificial
intelligence and other fields to jointly promote scientific and technological progress in the field of
health care.
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1. Introduction

Big data in healthcare refers to the large amount of data generated by medical activities, medical
research and medical treatment and other activities. This type of data is characterized by large volume,
complex type, low value rate and fast speed, which makes conventional data analysis and processing
difficult. Data mining techniques have been widely researched in health care and other areas because
of their ability to process large-scale, heterogeneous data. Deep mining and analyzing big data can
enhance the process of diagnosis and treatment, increase its application value in health medicine,
develop targeted diagnosis and treatment plans for doctors, and lay the foundation for cooperation
among patients, healthcare workers, researchers and other parties. In this paper, by organizing the
research progress at home and abroad, we describe some important applications of data mining
technology in the field of health medicine, point out the challenges and problems, and discuss the
future research direction, which lays the foundation for future in-depth research on big data in health
medicine.

The source databases and search methods of the review papers are shown in Table 1, which yielded
61 Chinese literature and 352,679 English literature. Since there were too many English literature,
the top 100 most relevant ones were firstly sorted according to relevance; and then 161 literature were
initially screened based on the titles and abstracts of the papers, and literature that was not in the field
of healthcare and those that did not use data mining algorithms were excluded for the Analyze.
Through full-text reading, the literature was categorized according to specific application areas and
purposes, and the more recent and representative literature among similar papers was selected for
review.
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Table 1 Source databases and search methods for review papers

Comprehensive Web of science core CNKI
database collection
Search method TOPICS=data mining AND Topic=Data Mining
medicine OR medical AND Medical
publication date 2019-2023 2019-2023
Source category SCIExpanded, CCR, IC SCI, EI, PKU, CSSCI
Search results 352679 articles 61 articles

2. Data Mining Models and Algorithms

Data mining emerged in 1989, also known as knowledge discovery in databases. It is a product of the
integration of knowledge from multiple disciplines, including machine learning, database application
techniques, statistics, artificial intelligence, and other disciplinary areas of research results[1] . Data
mining is the process of mining interesting patterns and knowledge from a large amount of data, and
common data mining models and algorithms are shown in Figure 1.
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Fig.1 Summary of common data mi ning models and algorithms

Descriptive modeling focuses on describing and summarizing past data by analyzing historical data
to reveal patterns and relationships in the data. Descriptive analysis is the foundation of predictive
analytics, enabling predictive models to more effectively capture correlations in data and make
accurate predictions. Predictive modeling, on the other hand, focuses on using historical data to
predict the future. Specifically, models and algorithms commonly used in healthcare include:

(1) Data description is the basic description, feature summary and comparison of all datasets.Zheng
et al.[2] screened the top 20 most frequently used herbs in databases such as PubMed and Embase,
described the validation information including location, site of use, family, and genus, and analyzed
the classification, medicinal properties, and flavors of all the common medications used to treat
endometriosis.

(2) Association analysis is used to explore the correlation between research objects, which is generally
realized by mining the frequently occurring itemsets in the data, such as Min Shen et al.[3] used the
association rule Apriori algorithm to analyze the data mining on the medication pattern and the effect
of traditional Chinese medicine treatment of allergic rhinitis in children.

(3) Cluster analysis divides similar objects into different groups or subsets by static categorization,
where objects within a group are similar to each other and objects in different groups are
unrelated.Hong M et al.[4] studied the correspondence between etiology and cancer symptom clusters
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in Chinese medicine based on cluster analysis, and found that the core etiology of clinical symptoms
in patients with middle- to late-stage lung adenocarcinoma included qi stagnation and phlegm
obstruction, phlegm and stasis coexistence, qi and yin deficiency, heat damage to the lung collaterals,
and phlegm and stasis, with heat and deficiency as the main pathologic factors; the seven basic types
of symptoms that were common in the classification of the clinical syndromes of patients with late-
stage cancer, including the liver-kidney double-deficiency, spleen-kidney double-deficiency
syndromes, lung deficiency syndromes, and liver-depression syndromes, and so on.

(4) Anomaly detection, in data mining, refers to the identification of items, events, or observations
that do not match the expected pattern or other items in the data set.

(5) Classification prediction reflects how to identify features of common nature of similar things and
features of differences between different things. Classification involves building a classification
model through guided learning training and using the model to classify instances of unknown
classification. Xing Wang et al.[5] obtained a simpler decision tree model for distinguishing between
cold and cough diseases through the description of the algorithm, and used the model to predict other
historical cases, which can be used to achieve diagnostic prediction and assist in diagnosis, and
provide support for medical business as well as scientific research.

(6) Trend forecasting, also known as time series forecasting, is a method of applying mathematical
and statistical methods to arrange historical information in chronological order, and then applying a
certain mathematical model to predict the future. Tapak et al.[6] used support vector machines,
artificial neural networks and random forest time series models to predict the timing of influenza
outbreaks, and the time series models used had good performance.

3. Current status of data mining application in healthcare field
3.1 Paramedical tasks
(1) Prevention

Their prevention can be achieved through effective intervention and early screening for associated
risk factors. The general causative factors are demographic characteristics, family history, patient
signs and lifestyle habits.Chen et al.[7] The Apriori algorithm of association rules for cervical cancer
sample data set showed that age, sexual behavior, smoking status, hormonal contraceptive use, and
birth control placement can lead to the occurrence of STDs or cancers with different levels of support
and confidence, and there is a strong link between STDs and cancer diagnosis, which provides a new
way of thinking about screening and diagnosis of cervical cancer.

(2) Diagnosis

The use of text information and images in electronic medical records can assist in disease
diagnosis.Zheng et al.[8] Epidemiological characteristics of real cases in Sina Weibo were obtained
by analyzing 690 valid cases in Sina Weibo's “Pneumonia patients' help hypertext” from February 4
to 22, 2020 based on Selenium data mining technology.

(3) Treatment

Based on the analysis of big data, hospitals can provide personalized treatment plans for patients,
which is also conducive to the improvement of hospital healthcare.Zhao et al.[9] used data mining
techniques to analyze drug treatment plans for hypertension, identify the key factors affecting the
success of each treatment plan, and consider them as criteria to guide clinicians in prescribing drugs
for patients in order to alleviate patients' pain, improve the quality of healthcare, and save limited
health resources.Chen et al.[10] proposed a data-driven approach to mine typical treatment duration
patterns for rational medication use from electronic medical records, which can recommend
appropriate treatment plans for patients based on their admission information.Wang et al.[11] by
constructing a TCM medical database utilizing multidisciplinary synergistic research to mine the
database for information on the patterns between prescriptions, evidence and diseases, to clarify the
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targeting mechanisms and effect pathways in the TCM diagnostic and treatment process, and to
precision TCM.

3.2 Optimizing resource allocation

Medical resources are the sum of various elements required for medical and health care. In the face
of increasing medical needs, health management is facing serious challenges, and how to effectively
allocate health services is an urgent problem in the current health field.

(1) Hospitalization management

Data mining can be used to analyze the factors influencing hospitalization costs, which in turn leads
to cost prediction and helps in patient decision making. Mo Chen et al.[12] used K-means clustering
and support vector machine to analyze the hospitalization information of urban residents' basic
medical insurance patients with major diseases in a city in Hubei province from January 2016 to May
2017, and the result of the clustering superiority test suggests that the hospitalization cost is divided
into 3 categories of the best, and the main factors of hospitalization cost are the main diagnosis disease,
hospitalization day, hospital level, medical insurance business category and hospital The main factors
of hospitalization cost are main diagnosis disease, hospital day, hospital level, medical insurance
business category and hospital type.

(2) Medical cost management

Medical cost reflects the consumption of medical service resources, and is also the most concerned
issue for patients. Chen Rui et al.[13] Based on the LIME-BP neural network, a medical cost
prediction model was established to predict medical costs and explain their sources of costs, which is
an important reference value for reducing medical costs and improving the doctor-patient relationship.
Lixia Hu et al.[14] Using data mining methods to analyze the changes of various types of costs and
the impact of drug costs on other costs using the cost consumption percentage, monthly sub-average
cost changes, and Pearson's correlation coefficient, respectively, the results of the sub-average total
cost, sub-average cost of western patent medicine, and sub-average cost of traditional Chinese herbs
show an overall decreasing trend, and the costs of various other tests, surgeries, and treatments show
an increasing trend. Jiaying Zhang et al.[15] established a multiple linear stepwise regression model
based on the information of hypertensive hospitalized patients to screen the influencing factors of
hospitalization cost, and used Apriori algorithm to mine the potential strong correlation rules between
each factor and high hospitalization cost. The results showed that the number of hospitalization days
had the greatest impact on the hospitalization costs of hypertensive patients, and 10 of the 12 strong
rules associated with high hospitalization costs mined by the association rule model were related to
the number of hospitalization days, which can provide a reference for reducing the burden of patients'
medical care.

(3) Medical insurance management

Hengliang Wu et al.[16] Combined with the practice of Hubei and other regions to health insurance
audit as an example from the three dimensions of technology, management and modeling, put forward
the “top-down” big data audit implementation path, including big data culture construction, overall
planning, team formation, platform construction, process design and breakthroughs and other five
aspects, aims to provide a reference for the regions to carry out the The purpose is to provide reference
for regions to carry out health insurance big data audit work. Yingliang Zhou et al.[17] Based on the
audit practice in the field of medical insurance, analyze the current status of big data environment
faced by the audit of medical insurance fund, explore the change of auditing method and method
innovation, summarize the experience model of auditing experts, and explore the auditing application
of relational network analysis method and data mining method.

(4) Medical quality and equipment safety
Jie Chen et al.[18] Combining the characteristics of medical quality and safety adverse events,
applying ontology knowledge modeling method to design medical quality and safety adverse events
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knowledge graph, which can be an integrated and fusion tool of medical quality and safety adverse
events related knowledge, and provide support for big data analysis and inference prediction of
medical quality and safety adverse events in the future. Yutong Wu et al.[19] Adopted Apriori model
in association rule mining to mine the device category, department of use, hospital category, whether
it is overdue for use, and the region to which the reporting unit belongs, to explore the risk associated
with medical device adverse events.

3.3 Improving health information services
(1) Provision of health information needs

Health information needs contribute to more targeted health information services.Lin et al.*%l
introduced Natural Language Processing (NLP) to quantify the importance of different mental
disorder descriptions relative to the five reservoirs and two palaces, the stomach and the gallbladder
through the classic medical text Huangdi Neijing, which showed that the most relevant organ to
mental disorders is the heart, while the two most important emotional factors associated with mental
disorders are anger and worry. Therefore, based on this it can be a reference for people who are
concerned about their mental health to pay attention to controlling their emotions in order to avoid
developing mental disorder diseases.

(2) Research on Health Decision Making

Conducting health decision-making research can help physicians decide on treatment options more
efficiently. Xinyu Yang et al.[21] Using random forest and other methods to construct an electronic
medical record data-driven lung cancer metastasis prediction model was compared with the empirical
level of constructing a lung cancer metastasis prediction model using real electronic medical record
data, and the prediction model performs better, which can provide support for clinical treatment.
Zhang et al.[22] Capturing the movement trajectories of sportsmen to determine whether they visit
healthcare centers frequently, healthcare organizations can send personalized and relevant medical
information to people who visit certain healthcare centers regularly, and it will help to detect and
diagnose the patient's disease.Bao Juan et al.[23] Bao Juan et al. proposed a new model of
“multimodal fusion correlation mining analysis and predictive intelligent decision making” for
intelligent healthcare analysis and decision making, and explored a new way of intelligent drug
decision making by researching “intelligent drug decision making method”.

(3) Improved health information mining algorithm

Yu et al.[24] proposed a new medical big data clustering algorithm based on an improved immuno-
evolutionary approach in a cloud computing environment, and this new approach can improve the
accuracy of data classification, reduce the error rate, and improve the performance of data mining and
feature extraction for medical data clustering.Yi et al.[25] proposed an improved version of the
traditional Apriori algorithm, which is mainly based on the computer's fast response to bit-string logic
operations, and is especially superior to the traditional algorithm in terms of running time, frequent
itemset mining, and strong association rules.The improved Apriori algorithm outperforms the existing
algorithms when it is applied to asthma medication and comorbid symptomatic medication data for
association analysis.Yang[26] Taking chronic atrophic gastritis (CAG), a typical gastrointestinal
disease in the plateau region, as a research object, a new BP network model for classification and
prediction of Tibetan medicine symptoms was proposed. In order to overcome the typical
shortcomings of BP networks, including slow convergence and easy overfitting, they used a Gaussian
distribution-based method to improve the initialization of weights, and dynamically adjusted the
learning rate by using the learning rate exponential decay method. The prediction accuracy of the
model is significantly improved.

(4) Securing health information

Data mining, data pre-rule, and all-round digital monitoring of healthcare big data have made the
dilemma of controlling personal privacy prominent, and the protection of health information is crucial
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in the context of the big data era. Hai Gu et al.[27] Addressing Individual Privacy by Enhancing Value
Transparency of Big Data Technologies, Returning and Reinventing Humanism, and Mining Shared
Values to Reduce Conflicts of Interest in Healthcare Big Data Applications.

4. Problems of Data Mining on Healthcare Domain

There are still more problems and limitations in the application of data mining techniques in the
healthcare field, as follows:

(1) Complexity of data types and lack of high-quality data

Currently, healthcare data is often incomplete, unstandardized, and complex in terms of data type, so
an initial assessment of the quality of the data is needed before analysis. Data silos are another major
problem constraining data collection. On the one hand, there are still some healthcare organizations
that are unable to interoperate with each other; on the other hand, most people are reluctant to disclose
their data on mHealth or health monitoring platforms because their willingness to share information
drops sharply when they believe that the extent of their benefit from mHealth is not as great as the
risk of privacy leakage[28,29] .

(2) Dimensional disaster and data imbalance

Healthcare data tends to be of high dimensionality and the data distribution is sparse, so the
preprocessing stage requires the removal of less relevant attributes to improve mining speed or
accuracy. In addition, in the classification prediction task, healthcare data often faces the problem of
extremely unbalanced sample category distribution. Utilizing unbalanced samples for data mining
can lead to higher prediction accuracy for categories with large sample sizes and lower prediction
accuracy for categories with small sample sizes.

(3) Inadequate analytical capabilities for big data in the medical field

Since there are not enough relevant professionals in the healthcare field at present, it will be
impossible to summarize and analyze the big data in a targeted way, so it is impossible to apply the
big data accurately. Mining algorithms are the core of data mining, and when applied to the healthcare
field, researchers should consider the characteristics of the dataset and the mining task to choose
appropriate algorithms. For example, support vector machines are suitable for high-dimensional
datasets, and their performance on low-dimensional datasets is relatively weak; decision trees and
logistic regression have more interpretable results.

(4) Selection of indicators for cross validation and assessment

Model evaluation is an important step in the data mining process. For unsupervised models, one
evaluation method is intuitive analysis, such as randomly drawing samples from each category for
manual evaluation; the other is to analyze its internal information, such as measuring the distance
between sample points in a cluster and measuring whether the distance from a sample to other clusters
is far enough. For supervised models, balanced samples can be obtained by reducing the number of
samples in large sample categories, and k-fold cross-validation methods can also be used to fully
utilize each sample.

(5) Data security issues

At present, the protection of big data in the healthcare field is insufficient and confidentiality is
inadequate, and the development of the network era has made it easier for some hackers to obtain
data related to the healthcare field, so it is increasingly important to strengthen the privacy protection
of big data.

(6) Visualization issues

Analytical tools based on advanced technologies are indispensable for the use of big data in the
healthcare field, and visual analytical tools are now widely used in western developed countries. The
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traditional relational database model handles data in multiple tables according to the usual procedures,
and it is not possible to generate complex reports by processing big data due to the time-consuming
queries.

5. Conclusion and prospect

This paper summarizes the progress of the application of data mining in the field of healthcare by
reviewing the relevant literature at home and abroad. Data mining can not only assist medical tasks
such as prevention, diagnosis, and treatment, but also assist the management of hospitalization,
medical insurance, and medical expenses, so as to optimize the allocation of medical resources, but
also assist doctors in decision-making, and thus improve health information services.

In the future, further research could be conducted in the following areas.

(1) Diverse data sources. There are many types of healthcare data, and most of the medical data come
from the hospital information system (HIS). medical science research data come from specific
medical research and monitoring programs, and their data are of high quality. Measurement data of
human body is mainly based on human physiological characteristics, which is usually acquired in real
time by devices such as wearable terminals. Textual data is usually obtained from health communities,
social networks, etc., and in-depth research on it will be conducive to improving the level of “people-
centered” health services. Most of the existing studies only analyze a single data source, but there are
also studies that combine public health data and search engine data to predict influenza[30]. There
are also studies that combine public health data and search engine data to predict influenza, and the
results show that search data can reflect the latest influenza mutation trends that cannot be predicted
by traditional data, indicating that the information contained in different data is complementary to a
certain extent. How to integrate and mine multi-source data to improve the accuracy and real-time
performance is one of the future research directions.

(2) Development of visual analysis tools. Visual analysis tools store data in a multidimensional
database model that enables online multidimensional processing of big data using an analysis system,
simplifying query procedures and reducing execution time.

(3) Precise use of big data to improve the service level of medical institutions. The proper application
of big data in the field of healthcare cannot be separated from precision medicine. Precision medicine
is an emerging method of disease prevention and treatment that designs personalized treatments for
patients, taking into account the differences in their genes, living environments, and lifestyles. To
make precision medicine highly implementable it is necessary to mine and analyze the big data of
healthcare organizations, using text mining or natural language processing to mine patients' electronic
health information.

(4) Semantic mining of electronic medical records. Currently there are fewer studies on semantic
mining based on electronic medical records, on the one hand, because most of the information in
electronic medical records is stored in the form of unstructured text, which cannot be understood and
processed by computers; on the other hand, because it is of little help to medical activities if only
superficial data mining is performed on electronic medical records. It is possible to construct a
thesaurus of medical terms, establish semantic relationships between medical entities, and perform
data mining at the conceptual level to provide clinical decision-making and support for medical
personnel.

(5) Improving cancer prevention. Healthcare organizations need to pay more attention to the
prevention and treatment of cancer when carrying out precision medicine, fully taking into account
the specificity of the cancer group, and providing targeted treatment for cancer patients through data
mining. At the same time, the lesions of patients are fully grasped, so as to develop a set of
personalized treatment plans for patients.

(6) From a macro perspective, in the future, the application foundation of healthcare data mining
should be strengthened, a comprehensive basic database centered on residents' electronic health
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records, electronic medical records, etc. should be developed, and key technologies such as healthcare
data storage and cleaning, analysis and mining, and security and privacy protection should be
strengthened. At the same time, data mining and cloud computing, artificial intelligence and other
areas of deep integration, together to promote scientific and technological progress in the field of
health care.
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