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Background & Aim: Today, with the advent of technology, due to the growing data in the field of health 

care, it is difficult to manage and analyze this type of data known as the Big Data. This analysis has many 

capabilities to improve the quality of care, reduce errors and reduce costs in care services. 

Methods: This study is based on search of databases (PubMed, Google Scholar, Science Direct, and Scopus). 

This investigation has done with the websites and the specialized books with standard key words. After a 

careful study, 50 sources were in the final article.  

Results: Since the Big Data Analysis in the field of health has been growing and also considered in recent 

years, this survey identified the necessity of these analyses, the definition of the Big Data, the benefits, 

resources, architecture, applications, analysis, platforms, Examples and challenges in the field of health care. 

Conclusions: Familiarity with the big data concepts in the field of healthcare can help researchers in 

conducting applied research and thus improve the quality of health care services and reduce costs. 

 

 

 

 

Introduction 

Today, with the advent of various 

technologies in the healthcare industry and 

the use of information systems such as EHR 

(Electronic Health Record) for storing 

information, the production of digital data in 

this area is increasing [1]. The California 

Health Network believes its EHR system has 

26.5 to 44 petabytes (1015 terabytes) [2]. This 

type of data, in addition to its large volume, 
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has other features and known as Big Data. 

Big Data in Healthcare refers to an electronic 

dataset that is large, sophisticated, varied and 

has a fast producing speed and cannot be 

manage with old software/hardware [2-4]. 

These analyzes are very important in the field 

of health care and have become a hot topic, 

as population aging, increasing the 

prevalence of chronic diseases and increasing 

the cost of medical technologies have 
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increased the magnitude of the cost of public 

health care and long-term care. As a result, 

these analyzes reduce costs [5], improving 

the quality of health care processes, including 

prevention, diagnosis, sharing of 

information, discovery of knowledge and the 

use of evidence-based medicine, will 

improve decision making [3,6-8]. 

Therefore, given the importance of Big Data 

Analysis in health care, which has been very 

much considered in recent years, this survey 

introduced the services of health care, the 

need for Big Data Analysis, how Big Data is 

formed, Big Data Definition, benefits, 

resources, architecture, applications, 

analysis, platforms, examples and challenges 

in the field of health care. 

 

Health care field 

The health care field has always been serving 

various levels of care, including prevention, 

diagnosis and treatment. Today, provision of 

optimal services by healthcare providers, 

including physicians, nurses, insurers and others, 

has come with introduction of new technologies. 

For this reason, health care costs have risen more 

than before and are rising with age of population 

and chronic diseases [9, 10]. On the other hand, it 

is always emphasized on diagnosis and treatment 

using updated clinical data and Evidence-base 

[11]. Also, given the fact that individual 

characteristics of each patient, such as family 

factors, lifestyle and factors affecting his life in 

the process of diagnosis and treatment should not 

be overlooked by importance of Personalize 

medicine [12, 13]. 

Need for Appropriate Medical Decision 

Making and Big Data Analysis 

Decision making in some areas is more 

decisive; For example, in a field like 

medicine, which is related to human life, 

decision-making process should be done with 

sufficient accuracy and as far as possible 

without making mistakes so that the results of 

a correct decision can be taken to improve the 

quality of health care [14]. In the meantime, 

the importance of group decision making in 

medical profession should not be ignored, 

because in many cases, this kind of decision 

will help to provide useful treatment to 

patients [15-17]. Because this type of system 

provides a shared system to health care 

providers and the quality of health care 

services is facilitated and improved, and thus 

savings in healthcare costs for caregivers and 

patients [14]. This will not be possible except 

by performing a Big Data Analysis and 

creating a shared database. The question now 

is why the Big Data Analysis is essential for 

medical applications? Big Data extracts 

useful patterns from a large amount of data 

and can use these analytical results to make 

decisions. Since any decision in health care is 

related to human life, analyzing it can have a 

great impact on improving quality of care and 

reducing costs. It is also possible to share 

information to make a decision about the 

appropriate diagnosis between different 

specialists [18-21]. Consequently, new 

evidence for diagnosis and treatment should 

be used. This new attitude will require and 

demand much to make Big Data analysis [6, 

2]. 

 

How Do Big Data Appear in Health Care? 

Today, healthcare industry, like other 

industries, uses information and 

communication technologies such as 

computers, Internet and other modern 

equipment to improve care services. For 

example, today's patient information is not 
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same as the past, and hospital information 

systems and electronic health record system 

are used to store and retrieve their digital and 

lifelong information [22, 23]. Computers, 

robots and other electronic devices have 

come for diagnosis and treatment to help the 

health care providers. For example, medical 

imaging with MRI (Magnetic Resonance 

Imaging), CT (Computed Tomography) is 

used and CAD (Computer Aided Diagnosis) 

is used to analyze these images [24]. Apps 

and games on cell phones and tablets can help 

patients track their illnesses, especially in 

chronic diseases and rehabilitation [25, 26]. 

Internet provides a rich source of information 

in form of social networks and recommender 

systems to patients and physicians. 

Therefore, considering the expansion 

influence of technology and the need for care 

providers to provide higher quality services 

with the help of these technologies, they 

generate massive amounts of data in this area 

and are constantly increasing [27-30]. 

Big Data Definitions in the Field of Health 

Care 

 Big data in the field of health care includes a 

set of digital data related to the field of care, 

which is a large and complex set of data, and 

difficult to manage with old software and 

hardware [2]. 

 Big data in the field of health has features 

such as high volume, a diverse clinical 

environment, and a health connection at one 

or more points [31]. 

 In the area of health, Big Data refers to 

complex data of a large size that is difficult to 

extract knowledge. 

 Big Data in the field of health refers to data 

in different formats and come from different 

sources [8]. 

 

Big Data Benefits in Health Care 

The benefits of Big Data in healthcare 

include specifically improve operational 

efficiencies, help predict and plan response to 

disease epidemics, improve the quality of 

clinical trials  and optimize healthcare 

spending at all levels from patients to hospital 

systems to governments [1]. The major 

benefit of managing Big Data in health care 

is to improve the quality of care and 

efficiency, including: 

• Big Data has the capacity to generate new 

knowledge. Managing undocumented 

medical data using computational techniques 

such as natural language processing will 

provide valuable information. 

• Big Data can transfer the basic medical 

information of each individual to clinical 

sites. For example, a biology system will link 

to EHR data. 

• Big Data can help transfer knowledge. Due to 

the difficulty in accessing resources, 

physicians prefer to stay in their current state 

of information. By digitizing the medical 

texts, access to the manuals and related 

material is facilitated, but sort of information 

becomes very complex for finding patients 

with a few chronic illnesses to find the right 

treatment method. This problem can help 

physicians make a correct decision by 

conducting analyzes on the EHR and 

designing a dashboard. 

• Big Data, by transmitting health care 

information to patients, enables them to play 

a greater role in the care of their illness. It 

also improves the data in medical records, 

linking the patient's previous data, such as the 

drug list and family history, and personal data 
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such as eating habits, exercise schedules, 

education and income [6]. 

Applications of Big Data Analysis 

Big Data on providing patient-centered 

services, early diagnosis, hospital quality 

monitoring, improved therapeutic 

approaches, as well as in the field of 

information technology (IT) infrastructure, 

operational, organizational, managerial and 

strategic area Health is applicable [33]. The 

Big Data Analysis is useful in supporting 

information, admin and delivery, behavior / 

consumer, clinical decision support, clinical 

information [34]. Also, in the context of 

individual analytics, it has been applied for a 

patient profile, personalized medicine, 

performance-based pricing for staff, and 

analysis of disease patterns, improving public 

health, PHR (Personal Health Record) and 

EHR [3]. The EHR has a huge amount of 

data, which is very valuable, including 

quantitative data (laboratory data), 

qualitative data (textual and demographic 

data), and transaction data (drug delivery 

records). Managing these data is done using 

computer science techniques, especially 

machine learning. Most data are in non-

structured formats such as textual data that 

make up the basis for better decision-making 

in medicine [6]. By using Big Data Analysis, 

multiple expert decisions can be made at the 

same time in digital health analysis. With 

real-time analysis, large volumes of rapidly 

growing data are being collected from in-

hospital and in-home devices for monitoring 

safety and predicting adverse events. EBM 

(Evidence Base Medicine) is used to provide 

effective care and to provide models for 

anticipating R & D in medications and 

discovering side effects before entering the 

market and treating [2]. 

Big Data sources in health care 

Big Data analysis in the field of health care 

includes management data, test results, 

Medical images (x-ray, MRI image etc.), 

history, diet, medications and surgical 

instruments, biomedical signals (EEG, ECG, 

EMG, etc.), physician note, genetic 

information and physician information. 

These data are available from internal 

sources such as EMR (Electronic Medical 

Record), CDSS (Clinical Decision Support 

System), CPOE (Computerized Physician 

Order Entry) and EHR. It also comes from 

external sources such as government 

resources, insurance companies, laboratories, 

HMO (Health Maintenance Organization), 

Web and social media (from Facebook, 

Twitter, LinkedIn) or data from apps and 

smartphones, sensors, and biometrics (finger, 

genetic, handwriting). These data have 

different formats (flat files, .csv, relational 

tables, ASCII / text, etc.) and from different 

places (geographic locations, different health 

care providers, different applications, 

databases, and various transactions) 

[8,35,32,2]. 

Architecture of the Big Data Functional Steps 

in Health Care: 

An example of Big Data Architecture in the 

field of healthcare is shown below: 
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Figure 1 - a sample of big data architecture for healthcare [35] 

As is clear from the figure, the stages of the 

Big Data analysis include three stages of 

capture, transformation and consumption. 

Capture 

The data layer is included in health care at the 

capture stage and includes three types of 

structured data, semi structured data and 

unstructured data that cover each category of 

data as follows: 

• Structured Data: This type of data is 

displayed in predefined format, such as titled 

column and rows (such as database records). 

This type can be easily processed using 

traditional data processing tools (for 

example, using a relational database, files, 

etc.) 

• Semi-structured Data: This type of data does 

not follow the relational database format. 

Includes tags that isolate semantic elements, 

including emails and HTML (Hyper Text 

Markup Language) and XML (Extensible 

Markup Language) documents. 

• Unstructured Data: This type of data is not 

predefined and is not organized predefined. 

Examples of this type of data include text, 

video, audio, images and social media. 

Transformation 

The data aggregation layer is responsible for 

obtaining data from diverse data sources and 

converting it into a specific standard for data 

analysis. The analytics layer of the 

transformation phase is responsible for 

performing the appropriate analyzes on the 

aggregated data based on the analytical 

objectives. 
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Consumption 

How to use and consume after a data analysis 

step that is visual, real-time, and clinical 

decisions. The data management layer is the 

component that manages other logical layers. 

Guarantees the availability of data for 

processing and privacy of the owners [35]. 

Big Data Analysis 

Clustering analyzes are used to determine a 

high-risk group of obesity. Data mining 

techniques are also used to monitor 

abnormalities and identify effective factors. 

The statistical techniques, graph analysis is 

used to assess the quality of hospital efficacy. 

Also, machine learning is used to predict a 

disease risk, from NLP to improve the 

effectiveness of care and control costs, 

predictive future illness and treatment 

improvement. [36] In addition, data retrieval 

techniques such as text mining and semantic 

analyzes, as well as simulations and analyzes 

of survival, optimization, visualization, 

virtual reality, pattern recognition and expert 

system of AI are also used. The methods of 

regression, Decision Tree, NN(Neural 

Network), association rule mining, 

PSO(Particle Swarm Optimization), Deep 

learning and the fuzzy logic are used 

[35,8,37,38]. 

The Common platform 

In some studies, Map Reduce and Hadoop 

have been used for health care analyzes. It is 

a distributed platform used to refine protein 

structure alignments with a high degree of 

precision, also to improve neural signal 

processing. For discovery drug, clinical 

research, genomics, Precision Medicine and 

the prognosis of diseases such as diabetes, 

heart disease  and the outbreak of the flu, [36] 

and the provision of general health services 

were used [8,39] from other platforms, such 

as spark and flink, are also due to the type of 

analysis can be used [40,41]. 

Examples of Big Data Analysis 

 94% of US hospitals have adopted the EHR. 

McKinsey, in a report on Big Data in health 

care, points out that aggregated systems have 

an improved outcome in cardiovascular 

disease and cost $1 billion to reduce spending 

on visits and test labs. 

 The Michigan healthcare system conducted 

blood transfusion management using the Big 

Data analysis, with a 31% reduction in blood 

transfusion and $ 200,000 in spending per 

month. 

 In the Rizzoli Orthopedic Institute in 

Bologna, Italy, Big Data analysis was used to 

diagnose orthopedic diagnosis, resulting in a 

30% reduction in hospitalization rates and a 

60% reduction in imaging tests. 

 At Harvard Medical School and Harvard 

Pilgrim Health Care, doctors have proven 

that EHR has the potential to identify and 

group diabetic patients into two categories 

for monitoring general health care using the 

Big Data analytical techniques. 

 In the business processes, Blue Cross Blue 

Shield of Massachusetts (BCBSMA) used 

Big Data analysis methods to make financial 

and medical decisions to help with decision 

making. By this, risk groups were identified, 

the risk was minimized and the outcomes of 

the patient improved. For example, this 

preventive therapeutic protocol was 

introduced in the group of patients with high 

cholesterol and was resisted against 

cardiovascular disease. 
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 In Sick Kids in Toronto, Big Data analysis 

methods were used to improve the outcomes 

of childhood exposure to nosocomial 

infections. Advanced analysis methods based 

on collected data from bedside monitoring 

devices were used to identify potential 

symptoms of infection [2]. 

Here's an example of Big Data applications: 

In 2012, the Obama administration 

announced more than $ 200 million to 

research and develop tools and methods for 

accessing, organizing and collecting data 

from massive digital data at National 

Institutes of Health, Department of Defense, 

Department of Energy and the United States 

Geological Survey [7]. It also published a 

report on this type of data, in which the 

McKinsey Global Institute (MGI) lists the 

job opportunities that make Big Data in some 

areas. These areas are as follows: 

 a potential value of $300 billion in the US 

health care 

 $149 billion in European government 

administration or improving the operating 

margin of retailer companies by 60 percent 

[42]. 

According to a report, Big Data analysis in 

health care saves $ 450-350 billion. $ 70-100 

billion in disease management and 

prevention (Right living), 90-110 $ billion in 

medical sector and use of Evidence-base 

treatment for each patient to improve the 

outcomes of patient and reduce medical error 

(Right care), $ 50-70 billion to improve 

provider selection tailored to patient's needs 

and lower acceptance rates (Right provider), 

50 - 100 $ billion in determining the cost-

effectiveness of health care through various 

methods such as Outcome-patient 

reimbursement and elimination of fraud and 

misuse (Right value), $ 40-70 billion to 

improve and innovate in healthcare (Right 

innovation), which shows the necessity and 

importance of performing these analyzes in 

health care [43,44]. 

Challenges 

Despite the great benefits, health care 

industry is still at the nascent of Big Data 

analysis. There is not enough knowledge 

about which data should be used for the 

purpose. There is no proper IT infrastructure. 

There is not enough knowledge about which 

algorithm is appropriate and what tools are 

suitable for analysis. An expert on 

interpretation of Big Data Output does not 

exist, which leads to an error-based 

conclusion. The other challenge is the great 

variety of data, scalability, missing data, 

uncertainty, fuzziness, complexity and high-

speed production. The security, privacy and 

trust issue, cost, data access and sharing and 

lack of data quality are another challenge in 

Big Data [8, 3, 45, 46]. 

Conclusion 

Nowadays, with the growing trend of data 

generation in the field of health, the Big Data 

Analysis has been given much attention to 

reduce costs and the improvement of the 

quality of care services. These analyzes have 

numerous applications in various areas of 

health care such as prevention, diagnosis and 

treatment. Many studies indicate the 

importance of these analyzes in the field of 

health care. Recently, attention has been paid 

to various aspects of the area of health 

including medical image processing, medical 

signal processing, medical diagnosis, 

primary care, rehabilitation, genetic data 

analysis, recommendatory systems for 
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controlling chronic diseases, etc. [27, 47-51]. 

At the same time, it faces challenges such as 

lack of data quality, lack of expert 

knowledge, lack of knowledge of the method 

and tools that should be taken into 

consideration to extract useful information 

from this type of data. Also, this type of data 

has certain characteristics such as diversity, 

complexity, and high-speed production, it 

requires the use of appropriate platforms for 

managing these features. Future studies can 

examine different platforms and use 

appropriate tools for analysis. While the Big 

Data analysis is developing, rapid advances 

in platforms and tools can accelerate the 

maturity process. It is also important to use 

the appropriate analysis method to provide 

useful results. One of these techniques used 

to manage scalability and uncertainty in the 

Big Data is the Decision Fusion method, 

which has many applications in computer 

science, mathematics, statistics, Machine 

learning and data mining. The development 

of this technique is necessary to combine 

various information from diverse sources 

Also, providing frameworks in this area can 

be very helpful. 
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