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Abstract - Integration of wearable Internet of Things
(1oT) devices and cloud storage revolutionized the real time
health monitoring field which open new horizon for
personalized and proactive healthcare. In this review paper,
we explore the state of the art, issues, and future directions
of such real time health monitoring systems using wearable
10T devices and cloud based data management. Continuous
collection of vital health parameters including heart rate,
blood pressure, temperature, and oxygen saturation are
supported from wearable IoT devices (i.e. smartwatches,
fitness bands, biosensors). Robust comunication protocols
like Bluetooth, Wi-Fi and Zigbee used to trasfrom data in a
reasonable linear seasion therefore without losing any at all
in the air, Data trasfered to the cloud, which is where the
data is collected, processed and analysed. Health data can
be stored with scalable, secure, and available solution for
cloud storage for managing enormous tonnes of data,
advanced analytics and remote access for healthcare
providers. Nevertheless, there are many reasons behind
implementing such systems, such as data privacy concerns,
power consumption, latency, and interoperability issues. In
the view of deploying wearable I[oT devices with cloud
storage, real-time health monitoring, this paper reviews the
architecture of the real time health monitoring system and
discusses the technical and ethic challenges of the
deployment in the system. Challenges that real-time health
monitoring systems are facing, and the application of
emerging technologies can lead to successful real time
health monitoring systems that will change the ways of
delivering healthcare, and improve patients’ outcomes and
reduce the burden on the healthcare system. Finally, we
hope this review helps gain a comprehensive understanding
of the current status of the art and drives innovation in this
rapidly growing field.
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1.INTRODUCTION
1.1.Background
Realtime health monitoring has become a very critical

innovation area in the healthcare industry and the
technology continues to advance in speed, changing the

way healthcare providers offer their services. Health
monitoring systems that are real - time, allow continuous
monitoring of vital health parameters and helps in early
detection of abnormalities and timely medical
intervention. As the stakes are particularly high when it
comes to chronic diseases, postoperative care and elderly
health monitoring, where small time differences can
generate significant improvement in patient outcomes,
this capability of epidemiology appears to be very
important. The need for such systems arises from the
demand for personal, available, and efficient healthcare
solutions to alleviate the burden on existing healthcare
infrastructure and improve the quality of life of the
individuals.
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Figure-1: Real Time Tracking.
1.2.Importance of IoT in healthcare

One of the strongholds of revolutionizing the healthcare
by IoT is the enhanced connectivity between various
devices such as sensors, data platforms, all through the
Internet of Things (IoT) enabling seamless connectivity
between devices, sensors, and data platforms. The
development of wearables using the Internet of Things
(IoT) devices like smart watches, fitness bands, and
biosensors, has gained a great momentum for the
purposes of tracking the evolution of health metrics,
including heart rate, blood pressure, temperature, and
oxygen levels. These devices collect data in real time and
send it to cloud based platforms for storage and analysis
giving healthcare professionals data to work with.
Integration of [oT healthcare goes beyond providing better
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care to patients and can help in remote monitoring while
minimizing the requirement of patients to visit the
hospital very frequently or even proactively carry out
their health.

=

h

(e

Pressure sensor
Electrochemical
sensor <
| ®
2 = =
RN

Temperature
sensor %)

Figure-2: Importance of IoT in healthcare

1.3.Challenges in traditional health monitoring
systems

However, actual health monitoring systems are challenged
by a number of difficulties that hinder their effectiveness.
The conventional methods generally involve periodic
inspecting and by hand taking data, which can result in
delay for diagnosis and treatment. Also, these systems are
often costly and require specific equipment and human
support, cutting them off from a large part of the
population, especially from those living in remote or
underserved areas. In addition, due to the limited real
time data processing and the inability to integrate with
modern technologies, the service is unable to deliver
timely and accurate health assessment. It is for this reason
that there is an urgent demand for novel solutions
employing IoT and cloud computing that circumvent these
limitations.

1.4.0bjectives of the Review Paper

The major aim of the review paper is to summarize the
health monitoring systems using wearable IoT based
devices and cloud storage. This paper attempts to explore
the architecture, functionality and benefits of these
systems and the technical and ethical challenges regarding
its implementation. Furthermore, it aims at identifying
future research lines, by considering, among others, the
development of energy efficient wearable devices and the
integration of artificial intelligence (AI) and machine
learning (ML) for predictive analytics.

1.5.Scope and Organization of the Paper
In this paper, we organize this topic in order to have a

complete understanding of the topic starting from review
on existing literature and the evolution of wearable IoT

devices in healthcare. It then explores how cloud storage
helps to manage health data, and then goes into the
architecture of the real time health monitoring systems. In
addition, the challenges and future directions in this field
are also discussed in the paper as well as the summary of
main findings and some recommended future research.
This review intends to add to the literature on how
technology can be used to improve healthcare delivery
and enhance patient outcomes through its focus on
addressing these aspects.

2.LITERATURE REVIEW

2.1.0verview of Existing Research on Health
Monitoring Systems

In the past few decades, there has been a tremendous
growth in the field of health monitoring systems due to
growth in sensor, wireless communication, and data
analytics. The power of real time health monitoring
systems to transform healthcare is already well depicted
by existing research in which essential vital signs can be
continuously tracked and health issues sought to be
detected at an early stage. These systems have been
studied to show they are effective at managing chronic
diseases such as diabetes, cardiovascular condition and
post surgical care and elderly health monitoring. While
researchers have taken on many different ways of
integrating wearable devices with cloud based platforms,
they have chosen to focus on real time data processing
with remote accessibility. Yet, though progress was made
in this work, a thorough review integrating the
conclusions of these studies still remains to be conducted,
together with recognition of points for additional avenues
of research.
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Figure-3: Patient Monitoring System.

2.2.Evolution of wearable IoT devices in

healthcare

The significant progress in technological advances and
increasing adoption of wearable IoT devices in healthcare
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over the years signifies the evolution of the concept of
these devices. Initially, early wearable devices were
strictly limited in functionality, the availability of single
parameter such as, step counting, heart rate monitoring.
These devices are much more sophisticated than they
were over time, having included multiple sensors to
measure a lot of health metrics such as blood pressure,
oxygen saturation, and even truly electrocardiogram
(ECG) readings. The integration of IoT connectivity has
enabled their data transmission capability to smartphones
and cloud platforms. It has been driven by the increasing
need for personalized healthcare solutions and for
continuous monitoring beyond clinical settings. This,
therefore, led to the adoption of wearable IoT devices
which have since been indispensable tools both for the
patients and the health care personnel; providing real time
health condition insights and timely interventions.

2.3. Cloud Storage Management of Health Data

Managing the vast amount of data generated by wearable
[oT devices can no longer live in the cloud and cloud
storage has become a key part in this process. It has
revolutionized the way healthcare is used, being able to
store, processed and analyzed health data in the cloud
allows for remote monitoring and use of data driven
decision making. The scalability of large datasets is
ensured with the help of cloud platforms as these offer
solutions that are secure enough for handling such
datasets and also providing access for healthcare
professionals to patient information at any time and from
any place. It also provides cloud based analytics tools
which support extraction of meaningful insights from raw
data for early diagnosis and personalized treatment plans.
However, the use of cloud storage in healthcare has
brought up issue about security and the protection of
private data as confidential health information operates to
be free from unwanted accessibility as well as breaches. In
order to diffuse the use of cloud based health monitoring
systems these challenges must be addressed.
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Figure-4: Role of cloud storage in managing health
data

2.4.Comparative Analysis of Different Real-Time
Health Monitoring Systems

Different approaches and technologies are taken up in a
comparative analysis of different real time health
monitoring systems. Some systems are used to monitor
specific health parameters, e.g. heart rate, glucoses levels,
while others cover wide range of many parameters.
However, the router systems choices of the
communication protocols, such as Bluetooth, Wi-Fi, Zigbee
etc., also varies in terms of its performance and usability.
Moreover, the Al and machine learning algorithms
integration gave birth to more advanced data analysis
through predictive analytics and anomaly detection.
However, the usefulness of these systems depends on
accuracy, reliability and the user-friendliness. This review
compares strengths and limitations of different systems
and provides a clearer picture of the space we are in and
what would constitute it as a good real time health
monitoring solution.

3.WEARABLE 10T DEVICES FOR HEALTH
MONITORING
3.1.Types of wearable IoT devices (e.g.,

smartwatches, fitness bands, biosensors)

Nowadays, wearable IoT devices have been widely used in
the field of modern healthcare as a powerful tool to
monitor and manage the real time health. The format of
these devices can include smartwatches, fitness bands,
biosensors, or even smart clothing. How about
smartwatches and fitness bands, which are equally
popular and offer the user continuous tracking of physical
activity, heart rate and sleep patterns. On the other hand,
biosensors are most frequently constructed to function in
certain medical applications, such as glucose monitoring
for the diabetic and ECG monitoring for the cardiac
patient. Considering the wearables, there is a newer
segment of them which is Smart clothing, which are the
clothes embedded with sensors to capture the
physiological signals without the additional device. The
variety of wearable [oT devices caters to the diverse
needs, and hence can be used as versatile devices, toggling
its general wellness and specialized medical care needs.

3.2.Key features and functionalities

It is the essential attributes and features of wearable [oT
devices that make them inevitable part of health
monitoring. These devices have extremely advanced
sensors that can take a number of different health metrics:
heart rate, blood pressure, body temperature, oxygen
saturation (Sp02), and even an electrocardiogram (ECG).
GPS is also usually part of the feature set of many
wearables for tracking physical activity, as well as
environmental sensors such as UV exposure or air quality.
In addition to data collection, such devices are normally
packaged with a companion mobile application, which is
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designed to provide users with knowledge on their health
based on the collected data, by recommendations and
alerts. Even some advanced models can be integrated with
telemedicine platforms so that users' health data can be
shared directly with healthcare providers for remote
consultations.

3.3.Used sensors for wearable devices (heart
rate, temperature, Sp02, ECG)

Within wearable IoT devices, the functionality of these
devices is based around the sensors used. Blood flow
measurement through the heart rate sensors, which are
generally based on photoplethysmography (PPG), and
body temperature measurement using the temperature
sensors for detecting the fever or other abnormal
conditions are assessed. Usually, it is useful for patients to
have respiratory conditions. These sensors use light-based
technology to measure blood oxygen levels. Some high end
wearables have ECG sensors which give a deep dive into
cardiac activity to detect arrythmias and other heart
related problems. Both these sensors work together to
create a complete picture of the health of the user and help
in early diagnosis of problems and prompt medical action.

3.4.Communication protocols (e.g., Bluetooth,
Zigbee, Wi-Fi)

The task of communication protocol in the wearable IoT
devices is to allow data being acquired by them to be
transmitted efficiently & securely to other devices or to
cloud platforms. Most commonly used protocol is
Bluetooth for low power consumption and support for
widely available smartphones and tablets. It is often the
case that Wi-Fi is used for faster data transmission, more
so when a large number of data needs to be uploaded to
the cloud. Another low power protocol is Zigbee and it is
used in some specialized applications where multiple
devices have to communicate in a network. The reason of
choosing the communication protocol depends on the
various factors like data volume, transmission range and
power efficiency etc., which significantly affect the overall
performance of the wearable device.

3.5.Differing power consumption, accuracy, and
user comfort problems in wearable IoT device
design.

However, wearable IoT devices come with several
advantages and are considered a real challenge to design.
The inherent concern is their power consumption as these
devices are usually battery powered and require having to
operate for hours without much recharging. To ensure the
user convenience, designers should strike the balance
between the functionality and energy efficiency. It is also
critically important because getting wildly inaccurate
readings could result in giving the wrong health

user trust is dependent on the reliability and correct
calibration of sensors. Further, the presentable and
comfortable design, wearing it with a relatively
lightweight, ergonomic, and nonintrusive item is another
major consideration to encourage dynamic user
involvement. As these challenges exist, innovative
engineering solutions and well understood user needs are
needed to see wearable [oT devices provide both
performance and usability in the real world.

4.CLOUD STORAGE
MANAGEMENT

FOR HEALTH DATA

4.1.0verview of cloud storage technologies

The cloud storage technologies has been a staple solution
for health monitoring related modern systems due to their
highly scalable and efficient nature for handling the very
large data generated by wearable IoT devices. Health data
can be stored remotely, on servers of a third party
provider of cloud storage with no need for local storage
infrastructure. As it utilizes distributed systems to
guarantee availability of data, reliability, and fault
tolerance, this technology is a suitable choice for
processing important and sensitive health information.
Cloud storage made it possible to store terabytes of data
and to allow real time access that enabled health data to
be managed differently, with seamless integration to other
healthcare technologies and platforms.

4.2.Advantages of cloud storage in health

monitoring systems

Its important characteristic characteristic is the ability of
the cloud storage in health monitoring systems to be
scalable. The proliferation of wearable devices that are
connected and, consequently, the amounts of health data
that are being generated, will only increase. This
increasing data load is easily scalable for cloud storage,
which staff and patients can still easily access without
interruption. Moreover, cloud storage facilitates remote
access from anywhere for accessing the data, which makes
healthcare professionals monitor patients in live, where
they are at the moment wherever in the world. This is
most helpful for telemedicine and remote patient
monitoring use cases where getting health data as quickly
as possible is important for the best outcomes.
Additionally, cloud platforms tend to offer already present
data analytics tools for processing and visualization of
health data that can aid in the process of making decisions
and personalized care.

4.3.Data security and privacy concerns

Although cloud storage has many advantages, the use of
cloud storage in healthcare brings up grave security and
privacy issues. The health data is extremely sensitive and
the exposure of it to unauthorized access or breach could

assessment and even bad decision making. This means cause serious implications to the patients and healthcare
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providers. Confidentiality, integrity and availability of
stored health data in the cloud is of the highest concern.
Data encryption is commonly used to prevent
unauthorized access to data while in transit or at rest.
Furthermore, since cloud storage services may be subject
to various legal and regulatory frameworks, they must
adhere to laws like the Health Insurance Portability and
Accountability Act (HIPAA) or the General Data Protection
Regulation (GDPR) to guarantee that cloud storage
providers maintain strict security and privacy controls.
These concerns should be addressed by a robust
combination of technical measures, legal and ethical
guidelines.

4.4.Cloud platforms used for healthcare (e.g.,
AWS, Google Cloud, Microsoft Azure)

There are several cloud platforms for the healthcare
industry already emerged as leaders in health monitoring
systems, with their peculiar services specifically adapted
to such purposes. There are many different platforms that
are common to the user community, and of these, Amazon
Web Services (AWS), Google Cloud, and Microsoft Azure
are the largest and most commonly used with data
storage, processing, and analytics tools available. In fact,
these platforms have such healthcare specific solutions in
hand like HIPAA compliant storage and machine learning
tools for predictive analytics. For instance, Amazon
HealthLake is a service offered by AWS to store, transform,
and analyze health data at scale. In the same way, Google
Cloud provides Healthcare API for integrating health data
from different sources. The Microsoft Azure machine
learning service and Internet of Things (IIoT) Hub are also
used quite widely for building scalable and intelligent
health monitoring platforms. Health care platforms using
the cloud allow health care institutions to have the power
of the cloud while guaranteeing data complacency and
security.

4.5. Cloud for Data processing and Analytics

The modern health monitoring systems include data
processing and analytics in the cloud. After the health data
is stored in the cloud, advanced algorithms can be used to
process this data and extract the valuable insights. For
example, machine learning models can utilize the heart
rate or blood pressure data to learn patterns and predict
the potential arising health issues beforehand. Real time
monitoring and visualization of health data by healthcare
professionals also becomes possible with the help of
analytics tools running on the cloud. Furthermore, the
cloud enables combining of data from various sources
including wearable devices, electronic health records
(EHR’s) and laboratory results into a complete picture of a
patient’s health. It enables more data processing and
analytics in a holistic manner that enables the delivery of
more personalized and proactive care leading to better
patient outcomes and reduced costs of healthcare.

5.REAL-TIME HEALTH MONITORING SYSTEM
ARCHITECTURE

5.1.System architecture and components

A real-time health monitoring system is a complex yet a
well organised framework of architecture to collect,
transmit, process and analyse health data seamlessly. The
system is comprised mainly of three parts: wearable IoT
devices, a communication network and cloud storage and
processing platforms. The data collection layer consists of
wearable devices like smartwatches, fitness bands,
biosensors, etc. which collect data in the form of the
mentioned vital health metrics- heart rate, blood pressure,
temperature, and the oxygen saturation values. These
devices are full of sensors and microprocessor that permit
continuous monitoring and preliminary data processing.
The wearable devices use communication network that is
protocols such as Bluetooth, Wi-Fi and Zigbee to act as a
bridge for the wearable devices with the cloud so that the
data is will be transmitted safely and securely. Lastly, the
cloud platform acts as the core system of the system as it
possesses storage, advanced data processing, and
analytics capabilities. These elements are stitched
together to create a unified architecture capable of
collecting user and provider actionable insights in
realtime.

5.2.Data gathering and sending from the
wearable devices to the cloud storage.

In a real time health monitoring system, the data flow
starts from the wearable devices where the same are
continuously collecting health related data from the user.
Short range communication protocols like Bluetooth are
used to transmit this data to a gateway device which can
be a smartphone or a dedicated hub. This allows the
gateway to serve as an intermediary, collecting data from
many wearables and sending it to the cloud over the
internet. After that, the data is put into a large server
called cloud where it is stored in safe databases which are
processed using advanced algorithms. Data processing in
real time is an important component of the system in that
it allows for the instantaneous discovery of abnormal or
critical health conditions. For example, when a wearable
device spots an irregular heart rate, the system can
immediately reach out to the user and/or to their
healthcare provider to address it immediately. However,
such a smooth flow of data from wearable devices to the
cloud allows for continuous and responsive health
monitoring.

5.3.Real-time data processing and analysis

At the core of the system’s capabilities are real-time data
processing and analysis supported by the delivery of
actionable insights and decision-making capabilities. Once
data is put in the cloud, after that it passes through various
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stages of handling containing filtering, normalization and
analysis. Often data is ‘crunched’ by machine learning
algorithms and/or artificial intelligence (AI) tools to
identify patterns, trends, and anomalies in the data. For
instance, predictive analytics can help predict future
health issues from the historical data, and anomaly
detection algorithms can raise suspicion when readings
are abnormal. Real time processing also enables
generation of alerts and notifications that can be pushed to
users or healthcare providers via mobile or web
application. Through this ability, important health
situations are dealt with right away, thereby minimizing
the possibility of complications and enhancing general
results.

5.4.Integration with mobile and web applications

A key feature of real time-health monitoring systems is
integration with mobile and web applications to enable
easy access to health data and insights to users and
healthcare providers. The primary interface for the users
is via mobile applications by which they can look at their
health metrics, get alerts and track their progress over
time. They are popular because many apps tend to have
features like goal setting, reminders and consequently
personalized recommendations that increase the user
engagement with the health plan. However, web
applications are intended for healthcare providers and
provide a deeper view of a patient's data and sophisticated
analytics tools. These applications are integrated with the
cloud platform in a way that ensures that when the data is
synchronized between these devices, all the stakeholders
involved have access to it. The seamless connectivity these
solution provide is improving user experience, and also
ensure optimal collaboration with patients and healthcare
providers.

5.5.Case studies of existing systems

Insights on the design, implementation and impact from
existing realtime health monitoring systems are based on
case studies. We know that the Apple Watch is one device
that has been widely adopted for monitoring heart rate,
detecting irregular rhythms, and even performing ECG
readings. The Health app and cloud-based services
integration also enables users to track their health data
over time and share it with hospitals. An example of note
is the Philips HealthSuite Digital Platform that makes use
of cloud storage and analytics to derive personalized
health insights and remote monitoring solutions. Likewise,
the Fitbit ecosystem is composed of wearables, mobile app
and cloud platform to provide end to end health and
fitness tracking. Gleans from these case studies have
proved that real time health monitoring systems can be
used to improve health outcomes, and can also be further
innovated. This examination of the examples can help
researchers and developers to zero in on best practices as
well as hurdles that they can overcome to develop even
more advanced, more user friendly systems in the future.

6.CHALLENGES AND FUTURE DIRECTIONS

6.1.Technical challenges (e.g., latency, scalability,
interoperability)

Despite the substantial progress toward developing such
real time health monitoring systems there are still a few
technical issues that need to be addressed before their
wide use and effectiveness. Latency is one of the primary
challenges because real time systems imply that a system
should process and respond to the data in real time,
instantaneously. For example, delays of transmission or
analysis of data may interfere with the system’s capability
to issue timely alerts in cases that are of critical health
importance. Another big issue is scalability — while the
amount of interconnected devices continues to grow and
the health data volume rises, the infrastructure must be
able to scale to many large operations. If DHTs do not have
interoperability then they can be unable to communicate
with one another without polymorphous protocols and
data formats. In recognizing that there are technical
challenges to overcome in order to make the above a
reality, new technologies and methods have to be
developed to help solve these existing issues.

6.2. Data privacy / consent / legal and ethical
issues

However real time health monitoring system poses some
ethical or legal issues in its implementation especially
relating to data privacy and consent. Since the health data
is sensitive by nature, its misuse or unauthorized access
could have severe ramifications to individual people.
Without a doubt, cryptography provides the appropriate
encryption methods of this data that must be considered
sensitive and the need for strict access controls to ensure
the confidentiality and security of such data. Aside from
that, the ethical issue of obtaining informed consent from
users for data collection and sharing is also a complicated
one, especially for vulnerable populations like the elderly
or those with cognitive impairments. Addressing these
concerns involves complying to regulations like the Health
Insurance Portability and Accountability Act (HIPAA) and
the General Data Protection Regulation (GDPR) which in
turn, adds layers of complexity to system design and
implementation. To approach this critically, there is the
need to balance the benefits of usage of real time health
monitoring with the wupkeep of user privacy and
autonomy.

6.3.Wearable 10T devices. We can analyze future
trends in the wearable IoT devices and cloud
storage as soon as possible.

Wearable IoT devices and cloud storage regarding health
monitoring are ready for further development in the
future provided that technology is evolving to meet the
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ever growing needs of the user. The sensors in wearable
devices will become more sophisticated while offering a
greater amount of health metric measurement and
batteries will improve, allowing for greater usage. Also,
the creation of wearables based on flexible and
biocompatible materials might result in a new type of
wearables, which are more comfortable and less intrusive.
Advances in edge computing and fog computing on the
cloud storage front are most likely to make data
processing efficiency faster and latency reduced, making
real time monitoring possible faster and more reliably.
Furthermore, blockchain technology adoption could also
make the data more secure and transparent thereby
resolving some of the privacy issues relating to cloud
storage. In this light, these trends account for a future
when wearable 10T devices and cloud storage will work
more harmoniously together for providing more
personalized, proactive, and home based healthcare.

6.4.Potential advancements in Al and machine
learning for health monitoring

The purpose of artificial intelligence (Al) and machine
learning (ML) is to revolutionize health monitoring
systems by making more in depth data analysis and
prediction of the situation possible. By analyzing huge
amounts of health data, Al algorithms are able to detect
patterns and trends that are not obvious to human
observers, thus making it possible to detect diseases in
their earliest stages and map individual treatment plans.
Users and healthcare providers can then assess health
outcomes based on these predictions or use the
predictions to make decisions based on prior data. For
instance, Al systems might be able to tell whether it's at
risk for having a heart attack or stroke based on actual
data from wearable devices at that moment in time and
prevent it from occurring. In addition, with the
incorporation of Al and ML into health monitoring
systems, these systems can likewise serve as a means for
automated decision making and remote diagnosis,
improving efficiency and effectiveness of healthcare
delivery.

7.CONCLUSION

The conclusion of this review paper therefore discusses
the disruptive nature for health monitoring systems that
rely on wearable IoT devices and cloud storage. Important
points that were noted are the effectiveness of wearable
devices in gathering continuous health data, significance of
cloud storage in managing and analyzing the data, and
integration of these technologies for users and healthcare
providers to find actionable insights. The advanced
communication protocols and real time data processing
help these systems architecture to support timely
detection of health anomalies and can facilitate proactive
healthcare interventions. But these systems face
challenges including latency, scalability, data privacy, and

interoperability before the full potential of the system can
be embraced. Health monitoring is further augmented by
the integration of Al and machine learning to provide
predictions and personalized care solutions.

In modern healthcare, real-time health monitoring
systems have the responsibility of saving many lives. They
offer these systems that enable an individual to manage
his or her wellbeing by being continuously informed and
personalized about his or her health and the associated
states. For healthcare providers, they are powerful tools
for remote patient monitoring, allowing to reduce the
need for recurrent trips to the hospital and to take action
at the earliest stages of critical situations. Real time health
monitoring system is a gap bridging system between
patients and healthcare professionals with the ability for
improvement of health outcomes, reduction of health cost
and improvement of the quality of healthcare. As a result
of their role in the management of chronic diseases,
support of elderly care as well as their use in delivering
preventive healthcare, they are necessary to tackle the
problems of the modern healthcare systems.
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