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Abstract 

Nowadays, Big data has provided a considerable revolution in the healthcare field; it helped generate a relationship between 
science life and healthcare, leading to connecting doctors, pharmaceuticals, and patients. This revolution will disrupt out health systems 
and will transform the methods of care which will lead ultimately to influence our public health policy. Particularly, Big Data in 
healthcare represents the huge immense and complex data that are related with the healthcare system and which are not easy to be 
managed or analysed with traditional methods.  
The analyses of the data collected from patients permit to integrate the healthcare field with many other scientific areas, such as 
bioinformatics, medical informatics and health informatics. And also, can allow moving from a curative care system to a preventive care 
system by providing recurring systems, detecting the undesirable effects of drugs or the misuse of them and helping as a support clinical 
decision system. 
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1. Introduction 

     Big Data in the field of health references to the patient’s records, collected from different resources to benefit from many 
advantages like: identification of diseases risk factors, helping in diagnosis, monitoring the effectiveness of treatments, 
medicine, epidemiology, and pharmacovigilance. In fact, there are many ways to collect medical data, either via health 
professionals (Patient’s medical records during hospitalization or doctor’s visit, or through clinical trials or DNA analysis), 
or via individuals themselves (Individuals can produce their own data through connected objects such as watches, mobile 
applications etc.). These data generated in various ways produce a strong correlation between the different actors of health 
system. We can even make patient remote monitoring which was impossible before. 

     The increasing use of data in medicine is gradually leading to switch from making diagnoses based on symptoms to 
making prognoses based on the patient’s history. In this new context a number of scientific, ethical and legal questions arise. 
It is then a question of evaluating and managing a risk rather than pathology according to medical, financial, ethical and 
social criteria, which can lead to preventive actions and/or prescriptions that impact the patient’s lifestyle. Nevertheless, Big 
Data in health raises many challenges and constitute many ethical questions. 

1.1 Big Data analytics in Medicine 

    Big Data technology provides many facilities in many fields including healthcare, the collected data of patients helps 
doctors to make preventions and correct decisions [1]. It is easy to collect Data in Healthcare context, either from tests 
results, pharmaceutical data, clinical trials, electronic health records, mobile apps or sensors [2]. 

     There are four Vs primary attribute that identify the Big Data; Volume, Velocity, Variety and Veracity. Volume refers to 
the size, Velocity to the speed, Variety to data collected from different sources, while Veracity refers to the quality; a data 
with a high veracity is a data that has many valuable records to be analysed. A low veracity data is a data that contains 
meaningless or valueless records [3]. 
 
-Clinical Data characteristics: 
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     A patient’s HER (Electronic Health records) has a significant role in health research since it provides an important 
number of clinical data. Over the last few years, we are witnessing a huge growth of data, and it is due to the smart 
wearable devices that can collect people’s health data every day and at any moment (like blood pressure, heart rate etc.) [4]. 
-Clinical Data Types: During a treatment process of a patient, a huge number of information is collected and generated, 
which means that the clinical data is much diversified that it can be divided into three categories: Clinical notes, medical 
images, and all others.   
Clinical notes:  
     In EHRs, text is considered as one of the most important categories, it provides rich information related to the patient’s 
health status such as test results, diagnoses, treatment and drugs. Besides that, other facultative data are also recorded that 
may help in clinical decision support systems and prevent from disease or misuse of treatment like family medical history, 
allergies, etc. 
Medical images:  
     Medical images is the process that helps imaging the interior of a patient’s body for clinical analysis, it is obtained 
commonly from X-rays, Magnetic Resonance Imaging (MRI), microscopy image, Optical Coherence Tomography (OCT), 
or Positron Emission Tomography (PET).[5] 
Other types: Clinical data doesn’t come only in medical notes or images form, there are many other types, such as 
information about payment or insurance, physiological measurements result and demographic results (gender, age, location, 
and marital status), laboratory’s tests results, which are all represented with numeric values [6]. 

1.2 Introduction to CDSS 

     An adult can make many decisions per day, some of them may not really matter, but in healthcare field, it is not the 
same, as one right decision can save a life while the wrong decision can cause critical consequences.  
Clinical Data are expanding more and more, and to achieve full benefits of electronic health records, a good quality CDSS 
is highly recommended. CDSS or Clinical Decision Support System is considered as a program based on computer which 
helps Healthcare personals improving patients care by analysing data and making right clinical decisions. It is an adaptation 
of DSS (Decision Support System) that is used normally in business management. CDSS use knowledge management 
based on patient’s data to provide care plan and assistance recommendations. 
To make the best decisions for patients, health personals must control diverse details and factors under pressure in a short 
time. Now, fortunately, they can do most part of this job with computers, precisely with Clinical Decision Support Systems. 
The first CDSS in the world was built at Stanford University in 1970s, named MYCIN, but due to its slow performance, 
plus ethical and legal issues, it wasn’t put in practice. 
Today, Healthcare uses CDSS for many different tasks such as drugs control, ordering tests and generating alerts. There are 
different CDSS; standalone CDSS that can focus only on one problem for example sending reminding alerts, or a CDSS 
that can assure a large variety of processes [7]. 

 
Fig. 1. Knowledge-based and non-knowledge based CDSS 
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According to the computer science methodology, there are two main groups of Clinical Decision Support Systems; 
Knowledge-based system and non-knowledge-based system [8].  

-Knowledge-Based CDSS: contains 3 main parts, a knowledge base, inference rules and mechanism of 
communication. It is based on IF-THEN statements (IF the medicine A is taken, and medicine B is taken too at the same 
time, THEN the user will get an alert). 

-Non-Knowledge-Based CDSS: it is a system without a knowledge base, based on artificial intelligence, which 
mean that the computer machine finds patterns in clinical data by learning from past experiences [9]. 

2. Methods and algorithms 

2.1 Application of Big data analysis in healthcare. 

     Generous amount of data is generated in systems of healthcare (patient’s demographic, drugs, patient’s medical history, 
insurance information, etc.) which are stored digitally. The use of this big data analysis with efficacious techniques impacts 
positively the healthcare systems and help in making right decisions. Nazari et al. (2021). [10] inspected the framework of 
the six building blocks that the health system is based on. Which are: service delivery, Health workforce, Health 
information systems, Access to essential medicine, financing and leadership/governance. Nazari et al. revealed that 
considering this framework and its dimensions is necessary to provide good healthcare services. Minu et al. (2017). [11] 
showed that the analysis of data in real-time is very important in prediction of emergency cases and clarified that is 
necessary to use Hadoop cluster approaches either the data will be useless.  

2.2 Privacy issues of big data in healthcare. 

     As the number and the volume of medical data in increasing rapidly, the number of security and privacy issues is 
increasing as well. Leyngar et al. (2018) [12] said that the big data do a great role in healthcare since it can provide 
opportunities for development of medical care, but the privacy of patients, doctors and healthcare’s personals is more 
important and concerned. Daniels et al. (2018) [13] inspected the heterogeneous data in healthcare and ontology, and 
conclude that the privacy issue in medical data is quite serious. 

2.3 Solution for Big Data privacy issues in healthcare. 

     Recently, experts and researchers investigated many methods and technologies to solve the problem of privacy in big 
data. Fritchman et al. (2018) [14] discussed that in healthcare field, strict agreements need to be applied for sharing data, 
also strong encryption is recommended to realize the data protection. Gruscka et al. (2018) [15] said that personal data are 
not only the personal identifiers (Full name, ID number) but also include indirect identifiers and information such as phone 
number, address, photos etc. And focused on the GDPR (General Data Protection Regulation) which considered as the most 
important development created to protect data for all individuals in the EU in this century. Bhuiyan et al. (2018). [16] 
suggested a system which is based on block chain technology, a technology that record data in a way that is impossible to 
be changed or hacked, which provide high protection to the medical data. 

2.4 The implementation of a CDSS.  

     The first step for developing a CDSS begins with data since data come in different forms. The categorical data or 
structured data (numeric data) are easy to work with. The data used for CDSS includes medical registries which are 
developed for research purposes and clinical trials that have an important role for predefined research questions. 
     Before using data to build a model, it is necessary to pre-process the data; it is a step where variables are defined from 
raw data that a model can use. It is also important to manage the valuable and relevant variables from data by the experts of 
healthcare. After the extraction of meaningful data, the next step to build a model of CDSS is to use an algorithm. Usually, 
depending on the task’s complexity, the development of the CDSS models contains two phases (Model training and model 
validation), the first phase is for developing a model that fits data, while the second phase is for testing if the model is 
correct and suitable for the tasks wanted.[17] 

2.5 Functionalities of CDSS. 

     The use of big data analysis for Clinical Decision Support Systems provides many functionalities and benefits to 
healthcare system.[18] 
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-Patient safety: CDSS is capable to reduce the risk of medications errors, researches show that up to %65 of patients have 
been exposed at least one time to wrong drugs combinations [19]. CDSS successfully reduce the prescriptions or the 
dosages errors [20]. 
-Clinical management: CDSS shows its ability to organize and assist patient on treatment protocols [21]. And can also send 
alert if patient didn’t follow management plans. 
-Cost containment: CDSS is considered as a practical and worthwhile for healthcare systems [22], since it provides services 
like reducing test duplication, and decreasing timespan of inpatients. 
-Administrative functions: CDSS can help physicians by suggesting diagnostics codes using designed algorithms. 
-Diagnostics support: known also as DDSS (Diagnostic Decision Support System) is a system that present a consultation by 
using data given to return a number of diagnoses possible [23]. This system, unlike the CDSS couldn’t much influence in 
healthcare system due to physician’s negative discrimination [24]. 
Patient decision support: CDSS come up with a dashboard where patients can communicate with doctors, get informed 
about treatments or medications. Additionally, CDSS can be used for actionable insights by collecting data from application 
or wearable devices used by patients [25]. 
     The real aim of Clinical Decision Support System is to make the right decisions by involving a strong relation between 
physicians, patients and scientific evidences. Recently, it is been witnessed a progressive change promoting shared 
decisions made by physicians or health professionals and patients. The structure of shared decisions permits healthcare 
personals to build a relation with patients to choose the right tests and treatment based on patient’s choices and the 
scientific proofs [26]. 

 
Fig. 2. Clinical decision support system Diagram. 
 
     The figure above presents a diagram that describes how CDSS works in healthcare field. The first step starts with the 
healthcare personal/ patient who provide information needed, then the CDSS analyses the data. The CDSS according to the 
patient clinical data (personal information, medical history, test, etc.), plus the domain knowledge (science evidences, 
researches) output the suitable decisions and treatments. 

 

2.6 CDSS in different medical specialties. 

     Nephrology is one of the most important medical specialties, but the use of Big data and CDSS is still limited. Since 
CDSS is deemed as an important tool for decision-making based on evidences, algorithms and models are necessary to get 
good results [27]. A modern CDSS based on web was built by Samal et al. (2017) [28] that can evaluate the risk of kidney 
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failure using data collected from CKD (Chronic kidney disease) patients. But this model still limited in many ways; it is 
asynchronous, since it cannot support a real time decision-making and requires patient’s information at least the night 
before the visit. 
     Oncology is also one of the foremost medical fields that can benefit from the application of big data in Medicine system 
and the implementation of CDSSs to fulfill good results. One of the most known CDSS is IBM Watson For Oncology 
(WFO), it is based on artificial intelligence that can help cancer patients by providing therapeutic options. NCCN (National 
Comprehensive Cancer Network) is integrated by WFO to provide guidelines of treatment and therapeutic options related 
to cancer and supply links of evidences published by scientific researches [29]. 
     There are some programs that support people attaint by different cancers. CancerLinQ is a program that collects data 
from different sources then organizes the data to be used by healthcare personals that are responsible of cancer patients’ 
care [30]. OncoAnalytics supply physicians with necessary information about care tuitions and drug doses [31]. And lastly, 
Tempus program, which have a huge clinical data related to precision medicine that healthcare professionals can use to 
facilitate their decision-making [32]. 
      CDSS programs are not dedicated only to clinicians, but also to patients, like iCanDecide, a program for people who 
have breast cancer where they can navigate, learn about treatment and record their preferences [33]. Decision Board is also 
one of the programs made for cancer patients, it is a platform where doctors explain about treatment options and patient can 
participate in the decision-making.  
 

 
3.Exploratory Data Analysis 

 
     The statistician John W. Tukey [1977] defined the exploratory data analysis as an approach that analyzes and examines 
data sets to discover their main characteristics and to see what the data can communicate us. EDA focuses on 4 keys; the 
measurement of central tendency, the measurement of spread, the shape of distribution and the existence of outliers.  
The EDA approach makes the manipulation of data sources easier for data scientists and helps to get valid results that can 
be applicable to any desired goal. It helps to well understand patterns, identify errors and make interesting relations 
between variables. 

1. The application of EDA  

Exploratory Data analysis can be used to detect anomalies and outliers, to test assumptions, and to gain accurate 
perceptions of data. 

3.1 EDA in Python 

     Exploratory Data Analysis in Python is considered as the first and main step in the process of data analysis. It was 
developed by the statistician John Tukey in the 1970s. Python is used for exploratory data analysis because it is easy and 
simple to learn, it is an open-source language with high data handling capacity, can be run on many platforms, with 
numerous and rich libraries [34]. 
Jupyter notebook: 
     Jupyter notebook is a server-client application that uses web browser to allow running notebook documents. It can be 
either executed on local desktop without need to internet. Or can be used via internet after being installed on a remote 
server. 
 
Pandas:  
     Pandas is a Python library, it is a powerful open-source data analysis tool, it is fast, flexible and most used for data 
science/ data analysis and machine learning tasks. Panda is really a game changer when it comes to manipulating data. It 
helps on cleaning, storing and visualizing data easily. 

3. Application of EDA on a DATA SET 

 
In this chapter, we are going to apply the Exploratory Data analysis on a Data set imported from Kaggle website using 
Python, Jupyter notebook and Pandas library. 
 
Used data set: heart disease patients’ details. 
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Attributes:  
-Age: represents the age of a patient (from 1 to 100) 
-Sex: represents the gender (0: Female, 1: male) 
-Chest: represents the chest pain of a patient  
-Resting_blood_pressure: represents the blood pressure of a patient while resting. (Normal: below 120/80 mm or elevated: 
less than 80 mm Hg or from 120 to 129 mm Hg) 
-Serum_cholestoral: represents the measurement of certain elements in the blood (high- and low-density lipoprotein 
cholesterol (HDL & LDL)) 
-Fasting_blood_sugar: represents the concentration of glucose in the blood (Normal: between 70mg/dl = 3.9 mmol/L and 
100mg/dl=5.6 mmol/L, while fasting: between 100mg/dl = 5.6 mmol/L to 125mg/dl=6.9 mmol/L) 
-Resting_electrocardiographic_results: represents the results of a test that take 5 to 10 mins. No movement is allowed 
during the test to not impact the results of the electrical impulses generated by the heart. 
-Maximum_heart_rate_achieved: representing the maximum number of times that a heart should beat per minute while 
exercising, which can be obtained from subtracting age from 220.  
-Exercice_during_angina: physical activity triggers the angina. While walking, exercising or climbing stairs, the heart 
demands more blood. 
-Old_peak: Exercise relative to rest. 
-Number_of_major_vessels: In heart there are 5 major blood vessels (aorta, the superior vena cava, the inferior vena cava, 
the pulmonary artery, and the pulmonary vein). 
-Thal: Thalassemia is a disorder in blood that causes a deficiency in body’s hemoglobin (Hemoglobin carries oxygen to the 
organs by enabling red blood cells) 
-Result: represents if the patient has a heart disease or no. 
It is time to explore the data set of heart disease patient’s details using Python and its different libraries.  
-Step1: Importing Pandas library, numpy package, seaborn (a Python library for visualizing data in an informative 
statistical graphics), and matplotlib.pyplot( to provide a MATLAB-like way of plotting). 
 

 
Fig. 3. Importing Pandas library and necessaire packages 
 
-Step 2: Importing the data of heart disease patients details that is stored in a CSV file. And visualizing the first 5 rows.  

 
Fig. 4. Importing data file and showing the 5 first rows of dataset. 
 
-Step 3: starting the exploration and visualization of data using different functions. 
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Fig. 5. A summary describes of data frame. 
 

 
Fig. 6. the columns of the dataset. 
 

 
Fig. 7. Types of the attributes 
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Fig. 8. Reg plot and scatter plot between maximum_heart_rate_achieved and serum_cholestoral  
 

 
Fig. 9. Heatmap of the data set. 

 
Fig. 10. Count plot between sex and resting_blood_sugar 
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 Fig. 11. The occurrence of heart disease patients according to age  
 
 

 
Fig. 12. The occurrence of heart disease patients according to age and sex(gender) 
 

 
Fig .13. Histogram of patient’s age 
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The figures [4,5,6,7,8,9,10,11,12,13,14 &15] show how using Exploratory Data Analysis can help in exploring data related 
to healthcare (heart disease patients in our case) and well understand it to make important benefits and good decisions. 
Various functions used while the exploration of data;  
-Correlation: Define the pairwise of data columns, Figure-9. 
-Regplot:  Plot data and help emphasizing patterns in a dataset while exploring data, Figure-10. 
-Heatmap: Shows higher values with dark color shades, and lower values with lighter shades, Figure-11. 
-Countplot: Uses bars to show the observation counts in each categorical bin, Figure-12, Figure-13. 
-Relplot: Uses semantic mapping of subsets to draw relational plots between two variables, Figure-14. 
-Histplot: Based on matplotlib in Python, it represents the distribution and variation in data, Figure-15. 
 

4. Conclusion 

 
     Big Data analytics is used almost in all sectors, and healthcare is considered as the most benefitted. collecting data in 
healthcare can be time consuming with traditional methods, but thanks to technology, today it becomes easy to collect and 
store data, and also use it to improve clinicians and healthcare system. 
     The researches made in this paper indicated that the application of big data analytics in medicine improved the quality of 
this field and enhanced the decision-making process. Additionally, the use of Clinical Decision support systems is 
considered as a good weapon that contributed to develop healthcare system against diseases. Admittedly, there still the 
problem related to the privacy that is not completely solved, but the collaboration of big data analysis, CDSSs, image 
processing and deep learning can help in diagnosis of many vital diseases such as chronic kidney diseases, viral bacterial 
infections [35], heart attacks, and cancers [36,37,38,39,40]. Additionally, the changes in human’s life standards effect its 
metabolism and can provoke some rare diseases, allergies and disorders, which mean there will be always a need to 
technology in healthcare systems, it is a confrontation against the illnesses that may threaten human’s life [41,42]. 
     The research approached also the application of Exploratory Data analysis in healthcare which is really important, since 
its purpose is to better understand data, verify obvious errors, provide relations between variable and detect if there are any 
anomalous events.  
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