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ABSTRACT:

"Big Data Analytics in Healthcare Industry" is an in-depth exploration into how data-driven insights can
revolutionize the health sector. With the burgeoning availability of health data, the significance of big data
analytics is more essential than ever in the healthcare landscape. The paper elucidates the potential of these
analytics in improving patient outcomes, enhancing operational efficiency, and fostering innovation. It also
addresses the challenges that the industry faces in harnessing the potential of big data fully, such as data privacy,
management, and governance issues. The integration of big data techniques, coupled with the power of Al and
machine learning, points towards a future where personalized, efficient, and proactive healthcare is not just a
possibility, but a reality. Through this study, healthcare professionals, policymakers, and technologists can glean
insight into the opportunities that big data analytics affords, driving forward the future of the healthcare industry.

INTRODUCTION

It is imperative that, in a digital world,
healthcare organizations must focus on developing
integrated data platforms with communication
methods and innovative data access tools.
Modernized data platforms can be customized to
enable communication between various systems in a
healthcare lifecycle. Big Data Analytics holds a
pivotal role in transforming healthcare sector
through Improved patient care, Predictive analysis,
enhance operational efficiency, Data analytical
research and development and many more.

Modern Integrated data Platforms in
healthcare sector have opened growth opportunities
for providers and healthcare products and services
by providing access to insightful data and assisting in
decision making. Many organizations are investing in
building big data applications for providing
personalized healthcare for patients with health
conditions, value-based programs for healthcare
providers, identifying clinical errors, claims fraud.
Availability of accurate and quality data can also
provide advanced ability to implement Al/ML
models for automated decision making and
predictive analysis.

Big data technology stacks are designed to
handle large volumes of structured and unstructured
data in a far more cost-effective manner compared
to traditional systems. Here's how these
technologies can reduce costs:

Scalability: Big data platforms like Hadoop or Spark
can process large data volumes on distributed
computing systems unlike traditional systems that
require high-power, high-cost hardware. As a result,
organizations can inexpensively expand their data
storage and processing capacity.

Efficiency: Big data technologies handle data
processing and analysis more efficiently than
traditional systems. They support parallel processing,
which speeds up data analysis while reducing the
cost associated with time-intensive tasks.

Real-Time Analysis: Traditional systems often
require data to be moved to a dedicated analytics
system, which can be costly. Conversely, big data
technologies can analyze data in real-time, leading
to faster decision making and cost savings.

Open-Source Software: Many big data technologies
are open-source, meaning there are no licensing
costs. HDF5, Apache Hadoop, and Apache Flink are
examples of such tools, which stand in stark contrast
to expensive traditional software.

Data Compression: Big data technologies such as
columnar storage can dramatically reduce the
storage space required for large datasets, resulting
in significant cost savings.

Lower Maintenance: Since big data systems use
distributed computing that operates over a cluster of
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inexpensive servers, hardware maintenance and
replacement costs are kept relatively low.

Cost-effective Data Lakes: Big data technologies
enable the creation of data lakes, where raw data is
stored in its native format until needed, which can
be more cost-effective than creating and
maintaining large data warehouses.

Remember, while transitioning to a big data
technology stack can help reduce costs, it's crucial to
plan the transition carefully considering factors like
data security, governance, and compatibility to
ensure the most efficient and cost-effective
implementation.
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1. Hadoop Architecture [1]

The Hadoop Architecture Mainly consists of 4
components.

e MapReduce

e HDFS(Hadoop Distributed File System)

e YARN(Yet Another Resource Negotiator)
e Common Utilities or Hadoop Common
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Fig. 2. Big Data Platform Architecture

Building Data Platform involves
consolidating structure, unstructured data from
disparate sources in an Integrated data repository.
The architecture includes several data layers that

goes through stages of storing raw data, Data
cleansing and pre-processing, Data standardization,
Data curation, Data transformation.

DATA PLATFORM ZONES
Data Ingestion Layer:

Data ingestion refers to the process of
obtaining and importing data for immediate use or
storage in a database. This can involve importing
data from various sources and formats and moving it
into a system where it can be centrally accessed and
analyzed. The data may be streamed in real time or
ingested in batches depending on the specific
requirements. There are several techniques for data
ingestion, each suited to specific needs, data types,
and system requirements. These include:

ELT (Extract, Load, Transform): This method is like
ETL, but it loads the raw data into the system before
it is transformed. This approach is generally
preferred when working with cloud-based data
storage and big data.

Streaming: Also known as real-time data ingestion,
this technique involves processing data on the fly as
it arrives. This approach is used when real-time or
near-real-time insights are required.

API-Based Ingestion: Data can be ingested using
APIs, which allow different software programs to
communicate and exchange data with each other.

Change Data Capture (CDC): This method captures
or logs changes in the data source and transfers only
the changed data, thus saving resources in situations
where data sizes are huge, and updates are frequent.

Database Replication: This involves making a copy of
a database from a server (the master) to another
server (or multiple servers, the slaves). This is often
used to spread load between servers.

Data Standardization:

Data standardization is the process of
bringing disparate data into a common format so
that it is accessible and usable. This process is crucial
when dealing with data from various sources, which
may be in different formats or follow different
conventions. Standardization ensures that all data
entries of a similar nature fall within a defined range
or format, adhering to certain rules that make them
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comparable and compatible. For example, dates
could be standardized to a 'YYYY-MM-DD' format or
addresses could be standardized to have 'Street, City,
State, ZIP' format.

The end goal of data standardization is to
improve data quality, enhance data integrity, and
facilitate easier data integration, ensuring that the
data is more reliable and more valuable to its end
users.

Data Transformation:

Data transformation is the process of converting
data from one format or structure into another. It is
a crucial step in the data management process,
especially in an ETL (Extract, Transform, Load)
workflow. During data transformation, various
operations can be performed such as:

e Cleaning: Removing inaccuracies or errors in
the data to improve its quality.

e  Aggregating: Summarizing or grouping data
for analytical purposes.

e Normalizing: Scaling numeric data to fall
within a smaller, common range.

e Discretizing: Converting continuous fields to
discrete ones.

e Integrating: Combining data from different
sources into a unified view.

e Encoding: Turning categories or non-
numerical fields into numerical form for
machine learning purposes.

These operations allow data to be analyzed and
used more effectively, making it possible for
businesses to derive meaningful insights from
collected data. The transformed data is usually
loaded into a data warehouse or a data lake where it
can be accessed for further analysis or reporting.

Data Publishing:

Data publishing refers to the action of
making data available for public use or for specific
stakeholders like teams, departments, or partner
organizations. This can involve several activities like
preparing data, setting up proper data formats,
defining access permissions, and organizing the data
in a way that it can be easily discovered and used.

Data publishing often requires careful
consideration of data privacy and security concerns,

to ensure that sensitive information isn't exposed to
unauthorized individuals. It is a significant step in
open science and open research initiatives, making
datasets available for other researchers to validate
findings, reproduce experiments, or extract new
insights.

In a commercial context, data publishing
can also refer to the process of distributing datasets
as products or as a basis for services such as API-
based data services. Published data can enable an
organization to make more informed decisions,
provide better services, or generate new revenue
streams.

Data Catalog:

A data catalog is a structured collection of
metadata that provides a consolidated view of all
the data assets in an organization. It serves as an
inventory, allowing users to find, understand, and
use the data that's available to them. A data catalog
typically includes information like:

Datasets descriptions: It provides context and clarity
about each dataset, such as what the data
represents, its source, format, and other
characteristics.

Data lineage: This provides a history of the data,
including where it came from, how it was
transformed, and what systems it has passed
through.

Data usage: This can include information like who
has accessed the data, how often it's accessed, and
how it's been used in the past.

Data quality: This includes metrics or scores about
the reliability, completeness, or accuracy of the data
sets.

A data catalog can make data more
accessible, promote data sharing, and help ensure
that data is used in a way that's ethical, legal, and
efficient. It's especially important in large
organizations and for businesses that are heavily
invested in data-driven decision making.

Data Engineering Frameworks in Big Data Platform:

Several Data engineering frameworks can
be developed to manage data storage, ingestion,
transformation, Publication, and analytics. Each
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framework can be effortlessly deployed like plug-
and-play applications, tailored to the respective use-
case. Multi-Tenant application frameworks s
incorporated to serve multiple users from shared
instance. The main advantage of multi-tenancy is
cost savings as infrastructure and maintenance costs
are shared across multiple tenants. It's also easier to
manage updates and improvements because they
only need to be applied to one central application
rather than individual instances. However, it requires
careful consideration of security and data
segregation mechanisms to ensure each tenant's
data remains private and secure.

Modernized data platforms take advantage
of a variety of storage mechanisms from an
infrastructure  perspective. This  multi-storage
approach ensures flexibility, scalability, and optimal
performance by allowing data to be stored in the
most suitable format and location based on its type,
volume, and intended use. This can include choices
between on-premises servers, cloud storage, data
warehouses, or hybrid combinations thereof.
Various formats such as relational databases, NoSQL
databases, data lakes, or even distributed file
systems like Hadoop may be employed. Overall, this
multi-faceted storage strategy helps ensure efficient
data management, quicker data processing, and
robust data security in a modernized data platform.

Challenges in Implementing Big Data Platform:

Establishing big data platforms is very
complex in nature due to variety of factors as stated
below.

Variety of Data Sources: Big data platforms need to
deal with data from diverse sources, such as
structured databases, unstructured text files, loT
devices, social media, and more. Managing and
integrating this varied data can be challenging.

Volume and Velocity: The sheer volume of data and
the speed at which it is generated can make
establishing an effective big data platform difficult.
Storage, processing, and real-time analysis of large
datasets require sophisticated strategies and
technologies.

Security and Privacy: Protecting sensitive
information when dealing with large datasets is
crucial. Implementing robust security measures

without compromising data accessibility is a
demanding task.

Data Quality: Ensuring data accuracy and
consistency across large datasets from various
sources can be complex. Cleaning and standardizing
data often requires sophisticated software and
considerable processing power.

Scalability: A big data platform needs to be scalable
to accommodate growth in data volume over time.
Designing a platform that can easily scale up or
down based on demand can be challenging.

Technological Changes: Rapid advances in
technology can lead to frequent updates or changes
in big data tools, frameworks, and practices. Staying
updated with these changes and incorporating them
into the platform is complex.

To incorporate advanced data analytics on a
platform, it should encompass multiple domain data
sets. In a healthcare sector, an advanced pharmacy
data platform should contain, claims data, member
enrollment information, Health plan and benefit
data, benefit pricing, drug formulary, drug
authorization, prescription, online shopping, finance
& rebates data, medical images, provider
credentialing data.

Advanced Analytics in healthcare platform

Advanced analytics on a data platform
refers to the techniques used to predict, automate,
and optimize data to make informed, proactive
business decisions.

On a data platform, advanced analytics may involve
practices such as:

Predictive Analytics: Using historical data to forecast
future events. Techniques like machine learning,
regression models, and forecasting algorithms can
help predict customer behavior, market trends, and
other future events. Predictive Analysis on
healthcare sector can provide insights into
identifying claim errors, claims fraud, identifying
patterns in pend claims and applying auto
corrections for improved claims auto adjudication
rate. Predictive models help identify personalized
treatments by using in claims, clinical and social data
of patients with underlying conditions. [2]
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Prescriptive Analytics: This goes a step further than
predictive analytics by suggesting actions that can be
taken to affect those outcomes, using optimization
and simulation algorithms. Based on patient’s
specific condition, medical history, demographics
suggesting best possible lifestyle changes and
treatment plan can be recommended. To achieve this,
claims data with accurate diagnosis codes, patient
demographics data, heath plan benefit information is
critical.

Another use case would be on prior authorization for
specialty drugs, The data driven from this process is
essential in tracking any new clinical findings,
identifying drug services, therapies, or treatments
where Prior Authorization could potentially be
eliminated. The platform will be proved vital for
decisive and efficient healthcare management.

Machine Learning: This technique allows systems to
learn from data, identify patterns, and make
decisions with minimal human intervention.

Machine learning algorithms can analyze medical
images to detect diseases at a very early stage,
improving prognosis. [3]

Real-time Analytics: This involves processing data as
it enters the database and extracting insights
immediately. Real-time analytics of member data
can enable healthcare providers to better manage
and allocate resources, reduce wait times,
streamline the patient flow, and improve the overall
patient care process. These advanced analytics
techniques can provide businesses with a deeper
understanding of their data, enabling them to
identify patterns, trends, and insights for making
data-driven decisions and predictions.

Key Performance indicators are very essential in
determining success of big data initiative in
healthcare.

Big data analytics involves handling vast datasets
comprising structured, semi-structured, or
unstructured data. Therefore, it's critical to ensure
that workflows and processes are well-organized and
efficient. This requirement is paramount in
managing the complexity and volume of big data,
enabling timely and accurate insights. Proper data
management practices, including data cleansing,

validation, and standardization, are crucial in this
process. Equally important is having an efficient data
architecture to ensure optimal storage, processing,
and retrieval of data. With streamlined and efficient
design, big data analytics can become a powerful
tool for informatics, accelerating decision-making,
uncovering hidden patterns, and providing valuable
insights.

The regular collection of metrics on data accuracy is
key to maintaining high data quality. This process
involves tracking data errors or missing information
to identify, quantify, and correct any issues that may
affect data reliability and usefulness. This proactive
approach ensures that any deviations from the
expected data quality standards are quickly detected
and fixed. This can involve techniques such as
validation checks, data audits, and data profiling.
With these metrics at hand, data stewards can take
timely corrective actions, such as fixing inaccurate
entries, imputing missing data, or even identifying
and rectifying the root causes of data quality issues.
Through these continuous improvements, an
organization can ensure the consistency, reliability,
and accuracy of its data.

Timely availability of data can significantly impact
healthcare decisions. In healthcare, quick access to
accurate, up-to-date patient information is vital for
effective diagnosis and treatment planning. Real-
time data can enable healthcare providers to make
informed decisions instantly, improving patient
outcomes. It can also assist in identifying health
trends or outbreaks, facilitating proactive public
health interventions. Additionally, in the case of
emergency care, immediate access to critical patient
information can be lifesaving. Therefore, ensuring
the swift availability of data is a key aspect of
healthcare data management.

Automated applications can significantly reduce
downstream costs by enhancing operational
efficiency. Features such as automated email
notifications and systematic user reporting can
facilitate more efficient workflows, saving time, and
reducing the need for manual intervention.

These automated systems can also boost decision-
making capabilities by providing real-time insights
and alerts, enabling quicker responses to emerging
issues or opportunities.
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Measuring cost savings from these automations
provides valuable insights into business efficiency. By
comparing costs before and after the introduction of
automated systems, organizations can quantify the
financial benefits of automation. Indicators could
include reduced labor hours, lower error rates,
faster response times, and improved resource
utilization.

Measure the efficiency of data-related processes,
such as speed of data integration, processing, and
reporting.

Data Security, Measures on compliance to data
privacy rules, the responsiveness to breaches, and
the effectiveness of data security measures.

Big Data Analytics Challenges in Healthcare

In Healthcare sector, the sheer amount of data being
generated in healthcare from various sources like
Electronic Health Records (EHRs), imaging devices,
wearable technology, and genomics research can be
overwhelming and difficult to manage. Healthcare
data can come in various forms — structed, semi
structured, and unstructured. Identifying validity of
data and extracting clean data will be resource
intensive and time taking process. With the
increased reliability on real time systems,
unavailability of data can lead to poor quality
healthcare services.

Healthcare data often includes sensitive patient
information. Ensuring this data is properly secured
to maintain patient privacy and comply with
regulations such as the Health Insurance Portability
and Accountability Act (HIPAA) is a primary concern.
Data security measures like tokenizing or encrypting
Personal health information, clinical data set,
personal identifiable information in data exchange
processes is very important. Authorizing data access
to personnel based on roles must be implemented.

Benefits of Big Data Analytics in healthcare

In a research article authored by Andrea Devries,
Sonali Shambhu, they identified that patient who
had experienced severe COVID-19 are significantly at
higher risk of heart problems and mortality. [4]

Study and analysis of large data sets can identify
underlying problems, improve diagnosis and gives
opportunities for personalized health care.

The capability to automatically analyze substantial
volumes of clinical data with decision-making models
can save time, enabling physicians to allocate more
of their attention to patient care.

Predictive Analytics on large datasets can reveal
regional outbreak of epidemics, improve quality of
life, avoid preventable diseases, and even reduce the
cost of healthcare services.

Digital heath applications on Big Data platform
opens opportunities for more people to have
healthcare access. Real time accurate data
availability can increase virtual care as doctors can
make informed decisions, with enhanced patient
safety and lowering operational costs. [5]

Big data analytics can also streamline healthcare
administration and management, improving
scheduling, resource allocation, and other
operational activities.

Hospitals that effectively utilize healthcare data
analytics can make better decisions benefiting
patients and improving financial outcomes. The data
stems from various sources, such as patient surveys,
claims, electronic health records, clinical trials, and
more, leading to hundreds of data points in every
healthcare  interaction.  Although  capturing,
managing, and analyzing these structured and
unstructured data forms is a significant task,
successful execution leads to improved
outcomes. [6]

CONCLUSION

In conclusion, as we enter an era where health data
is increasingly abundant, the value of big data
analytics as an indispensable tool in healthcare
cannot be overstated. This study details how these
analytic methods can significantly enhance patient
outcomes, streamline operations, and drive
innovation. Despite the challenges that lie in data
privacy, management, and governance, the
combination of big data analytics with Al and
machine learning heralds a future of personalized
and efficient healthcare that is driven by proactive
decision-making. The insights offered here serve as a
valuable resource for healthcare professionals,
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policymakers, and technologists seeking to unlock
the vast potential of big data analytics and propel
the healthcare industry into a data-driven future.

Big Data platform architecture was defined. Each
data layer purpose and use were defined. Big data
Analytics use cases in healthcare sector was
illustrated. Big data technology stack design for
different types of sources was discussed.

Benefits and challenges of Big Data analytics was
discussed. Key performance indicators defining
success of big data analytics was discussed. The
research article by Andrea Devries and Sonali
Shambhu amplifies the understanding that severe
COVID-19 patients significantly face a higher risk of
heart complications and mortality. This underscores
the value of large dataset analytics in uncovering
underlying health issues, enhancing diagnosis, and
offering personalized healthcare opportunities.
Furthermore, the automation of massive clinical data
analysis brings efficiency to the healthcare sector,
conserving time for physicians to dedicate more to
patient care. Leveraging predictive analytics on

extensive datasets can be instrumental in
preempting epidemics, bettering quality of life,
preventing avoidable diseases, and curtailing
healthcare costs. Digital health applications built on
big data platforms widen the accessibility of
healthcare, with real-time, precise data availability
potentially boosting virtual care. This capacity assists
doctors in making well-informed decisions,
improving patient safety, and reducing operational
expenses. Big data analytics also help streamline
healthcare  administration and management,
enhancing operational tasks such as scheduling and
resource allocation. Hospitals that effectively
capitalize on healthcare data analytics stand to gain,
as they can make superior patient-benefiting
decisions and bolster their financial results. The data
harnessed from numerous sources leads to an
abundance of data points in each healthcare
interaction, demanding significant effort but
rewarding successful execution with improved
outcomes. Hence, the potential of big data in
transfiguring  healthcare is immense, from
personalized patient care to optimized operational
efficiency and beyond.
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