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Preface

This book primarily introduces the importance of data science in the field of healthcare.
Data science has proven to be a gamechanger in the optimization of disease preven-
tion, drug discovery, diagnosis, treatment, hospital operation, and post-care monitoring.
Initially, the basic concepts, applications, and challenges related to data science will be
covered to lay down a strong foundation for its importance in healthcare. A large vol-
ume of data is generated in healthcare in processes primarily from clinical trials, genetic
information, electronic medical records (EMRs), billing, wearable data, care management
databases, scientific articles, social media, and internet research. A global pandemic like
COVID-19 has dramatically increased the need and the importance of data science and
analytics.Data science in healthcare industry is mainly used for predictive analysis that
uses artificial intelligence, machine learning, deep learning to predict possibility of an
event occurring in the future based on known present variables and facts. The various
available and emerging tools and techniques to manage this voluminous healthcare data
results in improving patient outcomes and reduce healthcare costs. Various techniques
such asregression and classification have been covered here for better insights into health-
care data analysis and its related advantages. This book also focuses on the importance of
visual analytics to observe the medical history of a patient for further courses of action to
cure the diseases. This book is also meant to enlighten the importance of data science in
drug discovery, pandemic like COVID-19 needs fast simulation techniques to observe the
reaction of drugs inthe body so that the drug can be approved by competent authorities
and used to cure the disease.

In nutshell, the tools and techniques of data science have changed the way to man-
age, analyze, and leverage healthcare data for better and optimized prediction.The main
motive of this book is to bring the research and findings together for clear directions for
future work.

vii
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1.2.2 Patient Sentiment and Behavior Data

Mobility sensor data includes sensor data or streaming data from home monitoring,
medical monitoring, telehealth, smart devices, and sensor-based wireless. Biometric data
includes fingerprints, handwriting, and iris scans.

1.2.3 Clinical Information and Notes

Eighty percent of health information is unstructured, consisting of photos, papers, tran-
scribed notes, and clinical notes. These semi-structured to unstructured clinical records
(patient discharge summaries, medical photographs, diagnostic testing reports, etc.) and
papers constitute novel data sources.

1.2.4 Web- and Social Networking-Based Data

Google and other search engines, Internet consumer use, and social networking sites all
contribute to web-based statistics (Twitter, LinkedIn, Facebook, blog, smartphones, and
health plan websites).

1.2.5 Genomic Data

Genomic data represents a large volume of new gene-sequencing information. Genotyping,
gene expression, and DNA sequencing are all examples of genomic data.

1.3 Big Data 5 V’s in Healthcare

Gartner identified eight important sources of big data in health in 2016 [5]. The four V’s
Veracity, Volume, Velocity, and Variety have been coined by Ernst & Young and others to
describe it. Similarly, McKinsey also identified five “rights” that it may provide: “right pro-

LT} LT} i

vider”, “right living”, “right care”, “right value”, and “right innovation” [6].

1.3.1 Volume

Terabytes and petabytes of data are used by healthcare systems. Personal information, 3D
imaging, genomics, personal medical records, radiological images, and biometric sensor
readings are all stored in these systems [7]. This complicated data structure may now be
managed and analyzed by healthcare systems. Storage, manipulation, and use of such
complicated data are now possible due to the advent of cloud computing. According to
KPMG (Klynveld Peat Marwick Goerdeler) report, healthcare data had surpassed 150 exa-
bytes in 2013 and is growing at a speedy rate of 1.2-2.4 exabytes each year [8].

1.3.2 Velocity

The underlying explanation for data’s exponential increase is velocity [9], which states how
quickly data is generated. Data is being generated at an ever-increasing rate. Due to the
amount and diversity of data acquired, the speed with which unstructured and structured
data is generated forces a conclusion based on its outcome.
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1.3.3 Veracity

Data veracity refers to the degree of certainty that a data interpretation is consistent. Varied
data sources have different levels of data reliability and dependability [10]. Unsupervised
machine learning algorithms, however, are employed in healthcare to make choices that
data may be useless or ambiguous [11]. The purpose of healthcare analytics is to extract
useful insights from this data so that patients can be treated effectively and the best deci-
sions can be made.

1.3.4 Variety

It refers to the data’s format, whether it’s unstructured or structured, medical images,
video, audio, text, or sensor data. Clinical data is structured data that must be collected,
stored, and analyzed using specialized equipment. Structured data accounts for only 5%
to 10% of overall healthcare data. Images, audios, videos, e-mails, and healthcare data,
such as prescriptions, hospital medical reports, radiographic films, and physician’s obser-
vations, are examples of unstructured or semi-structured data [12].

1.3.5 Value

This V, unlike the other 4Vs, is too unique since it reflects the anticipated results of big
data processing. We're continuously looking for new ways to collect and extract the true
value from the vast data. Investment should be the one to store data as the quality of the
governance strategy and approach determines the value of data. Another important con-
sideration is that certain data has a different risk value at the time of collection, but that
risk can change with time [13].

Five more key traits have been identified by researchers, totaling 10V’s of big data. Variability,
Validity, Vulnerability, Volatility, and Visualization are the five extra traits. Healthcare data
is separated into structured and unstructured data, which includes Electronic Medical
Records (EMR) reports, medical photographs, and so on [14]. A large amount of data helps
improve the worth of healthcare by utilizing creative analyses. The huge volume of data
associated to healthcare can be analyzed by distributing the process using cloud centers and
big data. Not only have big data increased the size of data but it has also increased the value
that can be derived from it. To put it in another way, big data has shifted the focus of Business
Intelligence away from reporting and decision-making toward prediction. Understanding
innovative diseases and therapies, predicting results early, taking instantaneous decisions,
improving health, boosting treatment, lowering expenses, and improving healthcare quality
and worth are all instances of a value in healthcare.

1.4 Big Data Analysis in Healthcare Industry

Big data analysis can change the healthcare scenario. The ability to use technological
equipment by healthcare professionals and make decisions about their clinical and other
data streams has been changed for better comprehend. The five processes that make up
big data healthcare analytics include data acquisition, data storage, data management, data
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FIGURE 1.2 The process of big data analytics in healthcare [32].

analytics, and data visualization and reporting. Figure 1.2 depicts the process of big data
analysis in healthcare management.

1.4.1 Data Acquisition

The type of data can be classified into unstructured, structured, or semi-structured, and
it comes from both primary such as clinical decision support systems, electronic health
records (EHRs), and Computerized Provider Order Entry (CPOE) and secondary resources
such as laboratories, pharmacies, Health Maintenance Organization (HMOs), government
sources, and insurance companies [15]. In healthcare, EHRSs, social media, image pro-
cessing, web-based data, and smartphones, among other things, are the most significant
sources of big data.

1.4.2 Data Storage

In this epoch of technology, storage is crucial. Since the amount of data in the healthcare
industry grows, we need a storage platform that is both efficient and huge. With such a
big number of users, cloud computing is the most promising technology. Clouds offer the
scalability and capabilities needed to obtain access to data, boost awareness, speed up the
development of scalable analytics solutions, and generate income. It reduces the necessity
of maintaining expensive computing gear and software.

1.4.3 Data Management

In healthcare, it encompasses structuring, cleansing, mining, and controlling the data. It
also contains a mechanism for determining whether any row or omitted data exist. That
information must be handled in a proper way. It aids in the risk assessment of patients and
the creation of a customized discharge plan. Apache Ambari and HCatalog are the two
important data management solutions. The process of obtaining files or important infor-
mation from big healthcare databases is known as data retrieval. In healthcare, big data
analysis usually includes information recovery and data mining [16].

1.4.4 Data Analytics

Data analytics is the procedure of converting raw data into information. The four forms
of big data analytics applied in healthcare are descriptive, diagnostic, predictive, and pre-
scriptive analytics [17].
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The descriptive analysis offers specific information on each attribute such as features,
number of features, and the size of the data set.

Predictive analysis aids in the “forecasting” of future events based on current data. It
deciphers data insights and provides useful information to businesses in the form of rec-
ommendations. It also provides probabilistic estimates of future outcomes [18].

Prescriptive analytics makes use of predictive data outcomes to allow persons to
“prescribe/determine” numerous activities to take and steer them toward a result. Before
making a decision, it aims to assess the impact of future decisions and provide advice on
alternative outcomes.

1.4.5 Data Visualization

Data visualization is the process of displaying analytic conclusions from healthcare data
in a graphical layout to make better decisions. It can be used to interpret data patterns and
associations.

1.5 Big Data Analytics Tools in Healthcare

Big data analytics is used to process the unprocessed data. The data, which is still unpro-
cessed, is accessed, retrieved, and processed using service-oriented architecture. Another
technique is data warehousing, which involves gathering data from a variety of sources
and preparing it for processing, even if the data isn’t available in real time. From several
sources, data is processed and prepared. Although the data is unstructured or structured,
the big data analytics platform can accept a variety of data formats [19]. Some of the analyt-
ics tools are listed below (Table 1.1).

1.6 Applications of Big Data in Healthcare
1.6.1 Data Analytics in COVID-19

Big data technology can save a lot of data on people who have been infected with COVID-19.
It assists in gaining a complete understanding of the nature of the virus. In future, the
knowledge acquired can be used to teach new preventive actions. This technology is used to
save data from COVID-19 affected instances of all types (recovered, infected, and expired).
This information can be used to track down cases and provide resources for better public
health protection. Patient physiology, patient-reported travel, patient location, comorbidity,
proximity, and existing symptoms are just a few examples of digital data modalities that
can be used to provide insights at the community and population levels [24].

1.6.2 Hadoop-Based Applications

Because most of the data is unstructured, extracting relevant information about clinical
operations, patient care, and research is a huge problem for the business. The Hadoop can
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TABLE 1.1

Various Big data Platforms in Healthcare [20]

Platform/

Technology Description

MapReduce It is a programming archetype for forming Big Data applications that execute in parallel
across multiple nodes. It's a method for analyzing big amounts of complex data [21].

Hadoop Apache Hadoop is a distributed platform to deal with huge datasets through clusters of
computers ranging in size from one to thousands [22].

Pig and Pig To work with a wide range of data types, Pig’s programming language is used. The PigLatin

Latin programming language and its runtime version, which executes PigLatin code, are the two

main modules.

Hive Apache Hive is a query and analysis tool that runs on top of the Hadoop databases and file
systems. Hive is an SQL-like Hadoop database and file system querying tool [23].

Cassandra It is a standalone database system. It’s a complex system that’s meant to deal with massive
volumes of data spread over several utility servers. Also, it offers continuous service and
eliminates the possibility of a single point of failure.

Jaql It is a query language for analyzing bulky data collections. It transforms “high-level queries”
into “low-level queries” for parallel execution of MapReduce jobs.

Lucene Lucene has been included in several open-source projects and is widely used for text
analytics and searches. Its scope comprises the library and full-text indexing search within a
Java program.

Mahout Mahout is an open-source Apache project aimed at developing scalable machine learning

models for Hadoop-based big data analytics.

assist the healthcare sector in managing this massive volume of data. In the healthcare
sector, following are some of the applications of Hadoop ecosystem:

* Genomics and Cancer Treatment: To struggle against cancer, it is important to
organize massive amounts of data efficiently. Individual genetics has an impact
on cancer mutation patterns and responses, which helps to explain why some
tumors are incurable. When recognizing cancer patterns, it is discovered that it
is vital to provide customized therapy for certain malignancies based on patient’s
genetic composition. For mapping three billion DNA base pairs, researchers can
use Hadoop’s MapReduce technology to discover the best cancer therapy for indi-
vidual patients.

* Fraud Prevention and Detection: In the first few years, health-based insurance
companies used a variety of approaches to detect fraud and develop methods to
prevent it. Companies utilize Hadoop to identify fraudsters by using data from
prior health claims, voice recordings, earnings, and demographics to create apps
based on a prediction model. By combining authentic medical claim bills, real-time
Hadoop-based health apps, voice data recordings, weather forecasting data, and
other data sources, Hadoop NoSQL database can assist in avoiding medical claim
fraud at an early stage.

* Network in Hospital: Hadoop NoSQL database is used by various hospitals to
accumulate and manage massive volumes of data from a variety of origins linked
to patient care, payroll, and finances allowing them to detect risky patients along
with deducting daily costs.
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* Patient’s Vital Monitoring: Using bigdata technologies, hospital employees
around the world can connect their job output. Several hospitals in many parts of
the world use Hadoop-based components in the Hadoop Distributed File System,
such as the Impala, HBase, Hive, Spark, and Flume frameworks, to convert massive
amounts of unstructured data generated by sensors that take patient vital signs,
heartbeats per minute, blood pressure, blood sugar level, and respiratory rate into
structured data. Without Hadoop, these healthcare professionals would be unable
to analyze the unstructured data supplied by patient healthcare systems.

1.6.3 Big Data in Public Health and Behavior Research

In public behavior and health, big data concentrates on biological data collected by por-
table equipment, for instance vitals, electrocardiograms, wearable devices, contagion, and
daily health records.

* Electrocardiogram: Traditional electrocardiographic tracing investigations are
essential for understanding the reasons and mechanisms of arrhythmias and
other related disorders; however, the data does not allow for the prediction of
the initiation of cardiac damage before it occurs. As a result, new metrics must be
established for use in various preclinical cardiovascular diagnoses. The introduc-
tion of Big Data which collects higher complexity information characterized by
volume, variety, and velocity is making a significant contribution to the control,
contrast, and management of big data sets [24].

* Omics Data: The term “omics” refers to large records in the molecular and organic
sciences (e.g. macrobiotics, metabolomics, proteomics, genomics, etc.). The pur-
pose of using big data is to recognize ill approaches and improve the precision of
medical therapy. The advancement of genomics, proteomics, metabolomics, and
other kinds of Omics knowledge in earlier eras has resulted in a massive amount
of data related to molecular biology [25].

1.6.4 Source of Valuable Data

In the healthcare industry, technological advancements in the utilization of gadgets have
brought with them the new possibilities for generating and collecting data. Most data
repositories in healthcare, such as those in other industries and organizations, combine
data from a diversity of sources, including social media, EHRs, and medical devices [26].

* EHRs: In a more organized sense, data in a healthcare facility is stored in EHRs
to offer a multifaceted view of patients” records. The EHR is a database of elec-
tronic healthcare data that generally pertains to individuals, medical records,
and administrative information. Sub-schemes such as admission, discharge, and
transfer of patients’ schema, recurring engagements and planning schema, the
technique for inputting prescription schema, and notes on routine medical checks
are all included in a traditional EHR framework [27].

* Medical Supplies and Equipment: Medical devices and sensors such as pulse
oximeters, blood pressure monitors, glucose monitors, and other sensors gener-
ate massive amounts of data that might reveal important information about a
patient’s physical condition. One of the motivating factors for embracing big data
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in healthcare is the explosion of the Internet of Things and its ability to provide
speedy access to medical needs. Body Sensor Networks and their continued
application in healthcare will offer healthcare providers the ability to scan critical
parameters and, as a result, precisely predict imminent medical hazards such as
epidemics and pandemics [28].

* Social Media: In the healthcare industry, social media is also a valuable source
of information. Patient behavior data and sentiment data on patient recovery
are collected. Furthermore, social media posts such as blogs, Twitter feeds,
Facebook status updates, and web pages can expose and provide an indica-
tor of a person’s health, mood, and state of mind, which is important to health
professionals.

1.6.5 Big Data in Medical Experiment

Molecular biology is concerned with the communication and supervision of biological activ-
ity inside cells, for example, communications between proteins, RNA, and DNA. It is an
important aspect of both biological and medical research. The study of proteins and genes
has a secure interaction with the features of genetics and biochemistry. Macromolecule
blotting and probing, polymerase chain reaction, molecular cloning, microarrays, and
other techniques are used in molecular biology. A person’s body comprises organs, tissues,
and cells, along with cross-sectional images of tissues and organs, which is used to display
the structure of the human body for considering medical measures. Biological laboratory
specimens, such as human body data sets, are collected from human bodies and stored
in biorepositories. Before a new medicine, vaccine, or piece of medical equipment is used,
clinical trials must be performed. A medical experiment is a form of test or study used in
clinical or medical research to determine the efficacy of a new medical therapy on humans
[29].

1.6.6 Medical Research Using Big Data

Research articles and organized knowledge are currently produced at a rapid rate as the
medical/clinical area has developed. There are also a lot of obsolete materials under the
clinical/medical section. The study creates a substantial involvement to the subject of big
data in healthcare.

1.7 Challenges with Healthcare Data Management
1.7.1 Challenges Associated with Manpower

* Human Interaction: Despite technological advancements, there are still some
areas where a human could achieve better outcomes than a machine. As a result,
humans must be involved at every level of big data analytics. To offer meaning-
ful solutions, experts from various fields (those who understand the problem and
data storage) must interact with big data tools. The scarcity of skilled and knowl-
edgeable individuals is once again an impediment to the implementation of big
data analytics [30].
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* Keeping Big Data Experts: Even though corporations may discover the great-
est big data professionals with healthcare experience, hiring them is tough and
expensive. Given the severe competition, retaining highly skilled data scientists
and analysts is also difficult [17,31].

* Deficiency of Talent: When businesses choose to use big data technology, a need
for qualified data analysts who can understand healthcare data arises [15]. Data
scientists and analysts with experience in the healthcare field and those who can
apply the right tools to the data, generate results, and analyze them to give action-
able insights are in high demand. However, only a few people have the essential
skills and abilities to apply analytics to healthcare [16].

1.7.2 Challenges in Data and Process

* Data Integrity: The authenticity and integrity of healthcare data is an issue when
combining multiple forms from various origins [1,8,6]. Data from X-rays, physi-
ological pathology reports, bedside monitors, and recordings from various tests
may be used to compile patient data. Before analyzing this large amount of data,
an information extraction method is required, which extracts the necessary data
and delivers in an acceptable format to analyze the data. It’s a technical difficulty
to guarantee the accuracy and thoroughness of this process. Furthermore, sen-
sor malfunctions and human errors may result in inadequate and incorrect data,
which could result in severe health concerns and unpleasant occurrences for
patients [11]. Furthermore, errors caused by poor data quality are to blame for
increased expenses for healthcare companies. As a result, data cleaning and nor-
malization, which involves removing noise and unnecessary data, is difficult in
making effective utilization of data.

* Big Data Privacy and Security: Patient record is stored in a variety of places
and can be accessed through a variety of endpoints, including medical records,
pathology reports, and insurance claim information. To track patient health and
enable the transmission of patient data across various parties, a variety of appli-
cations are utilized, each with varying levels of security. Out-of-date software
can jeopardize the security of health data, leaving it vulnerable to cyber-attacks.
Personal information, such as a person’s name, occupation, and income, can cost
healthcare providers a lot of money if it is accessed and misused [30]. Furthermore,
disclosing private health data raises privacy concerns for patients [8,32]. Because
of the unconstrained actions of data breaches, managing large data security and
privacy remains a technical concern, even with the technical controls and mea-
sures in place.

* Interoperability: The issue of interoperability occurs when data is generated by
multiple healthcare equipment and devices [1,12,5]. Because these devices use dif-
ferent platforms and software, the data they generate is in different formats. To
make full use of this data, the devices must be able to interact and exchange data
in a common format that is interoperable with other devices.

* Data Storage and Linkage: Traditional IT equipment in organizations were not
capable to handle such vast amounts of data as the volume of healthcare data rises
exponentially [8]. Furthermore, data redundancy difficulties arise as a result of
data storage among multiple departments within an organization [9]. Analyzing
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data that is fragmented and incomplete becomes tough. Even the most advanced
algorithms fail to cope with disintegrating data. The huge volume and a variety
of data from various sources make it difficult to combine and aggregate these
sources into repositories [10].

Data Collection: Healthcare data is multidimensional and highly segmented, and
it comes from a variety of sources [1]. Due to a lack of synchronization across sev-
eral data sources, there may be gaps in the information provided. Furthermore,
the organization of the data available from these sources varies greatly. Healthcare
data, however, contains organized patient’s demographic information, physician
observations, diagnostic metaphors such as MRI and CT scans, and visuals that
are not in a structured format. As a result, bringing together disparate data silos
from many sources and transforming them into a uniform format suitable for stor-
age in the system is difficult [14]. Furthermore, continuous data collection is dif-
ficult due to real-time or near-real-time data production [8].

1.7.3 Overall Organizational Challenges

Actionable Insights at the Right Time: With correct tools and analytics solutions,
big data could manage huge information or data than intuition. Actionable intu-
itions are much important than simple responses to the questions posed because
of the activities they stimulate. As a result, the priority is to gain timely insights
that inspire action. Given the importance of timely healthcare choices, another
problem to consider is the development of triable information in realtime [33].

The Discrepancy in Technology: Despite the increased interest in healthcare digi-
tization, most businesses continue to rely on outdated technologies. It's a challenge
to replace a historical data storage and management system with cutting-edge
technology. Due to the large volume of data held in physical records in healthcare,
digitalization would necessitate a significant amount of effort, human resources,
and time. Another difficult task is to bridge the technological divide [34].

Unknown Purpose: Lack of clarity in the aim of big data analytics to an organi-
zation has also become a hurdle in its advancement. Organizations use big data
technologies as a source of competitive advantage without clearly defining their
business goals. Force-fitting new technologies will result in a lack of direction. It’s
once again difficult to define the business goals for using big data analytics [35].

Identifying Useful Information and Tools: The next step is to find and store
relevant data once firms become familiar with commercial use cases for big data
technology. As a result, the appropriate tools for working with such data must be
discovered. It’s also difficult to figure out what tools and solutions are available.

Sharing: Data sharing is another stumbling block to the successful deployment of
big data analytics. Organizations must exchange data with other healthcare orga-
nizations to reap the benefits of big data technology for the community. Although
more openness and data availability would allow for faster judgments, firms are
wary of sharing data due to competitive pressures. This obstructs the effective use
of big data analytics in healthcare.

Economic: The most critical initial difficulty for healthcare businesses adopting
a data-driven culture is managing the expense of data warehouses and infra-
structure required to hold massive amounts of data. In reality, the required
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computational resources also increase initial investment for performing big data
analysis. Hence, for small and medium organizations, it would be costly, while
major businesses are wary of making such an investment without knowing what
they would get in return.

1.8 Conclusion

Big data analytics, which makes use of a plethora of heterogeneous, unstructured, and
structured data sources, has a critical responsibility in the future of healthcare. A vari-
ety of analytics is already being used to aid the healthcare workers and patients. Genetic
data processing, physiological signal processing, and medical image analysis are the
major areas of interest. The exponential growth in the volume of healthcare data com-
pels computer scientists to devise novel ways to process such a massive amount of data
in a manageable amount of time. Big data analytics brings heterogeneous data together
from various domains including medical informatics, medical imaging, sensor informat-
ics, computational biomedicine, bioinformatics, and health informatics. Furthermore, the
properties of big data give an excellent foundation in healthcare and medicine for develop-
ing applications to use promising software platforms.

Data scientists face hurdles in integrating and implementing a large volume of medi-
cal data acquired across multiple platforms. As a result, it is suggested that a healthcare
revolution is required to bring analytics, health informatics, and bioinformatics together
to encourage tailored and additional effective therapies.
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