
 Federated Learning in Healthcare Security Domain  |  1



2  |  Federated Learning in Healthcare Security Domain

Abstract

The Internet of Medical Things (IoMT) is rapidly transforming healthcare, offering 
unprecedented opportunities for real-time monitoring, improved diagnos- tics, and 
enhanced patient care. By connecting devices like wearable sensors, im- plantable medical 
devices, and hospital equipment to the internet, IoMT enables seamless data collection, 
sharing, and analysis. While this revolution in healthcare delivery has significant benefits, 
it also introduces critical vulnerabilities.

This white paper explores the emerging cybersecurity challenges in IoMT, fo- cusing on 
vulnerabilities within connected medical devices, the growing threat land- scape, and 
industry-specific solutions. The paper also details solutions ranging from device-specific 
encryption to AI/ML-based threat detection, edge computing, and federated learning. It 
includes an in-depth look at the Indian regulatory framework, such as the National Digital 
Health Mission (NDHM) and Personal Data Protection Bill (PDPB), and their alignment 
with global standards like HIPAA and GDPR.

This paper targets healthcare professionals, IoMT manufacturers, cybersecurity experts, 
and policymakers, offering comprehensive insights into securing IoMT de- vices while 
highlighting the business and collaborative opportunities in this domain.
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Context
IoT Revolution in Healthcare

The Internet of Things (IoT) is 
fundamentally transforming healthcare 
by integrating smart devices and 
advanced communication technologies 
into medical systems, creating the 
Internet of Medical Things (IoMT). The 
convergence of medical equipment, sen- 
sors, and healthcare services with IoT 
technology is improving patient care, 
enhancing operational efficiency, and 
enabling remote health management. 
IoMT devices leverage interconnected 
medical devices, software applications, and 
communication technologies to collect 
and share patient data in real time. This 
seamless connectivity allows health- care 
providers to continuously monitor patient 
health, streamline clinical workflows, and 
make data-driven decisions. For example, 
connected wearables like smartwatches 
and fitness trackers monitor vital signs 
such as heart rate, blood oxygen levels, 
and activity patterns, providing clinicians 
with detailed insights into a patient’s 
health, even when they are not physically 
present in a healthcare facility.

Remote patient monitoring (RPM) is one 
of the most profound applications of 

IoMT. By utilizing devices such as glucose 
monitors for diabetic patients or cardiac 
implants for heart disease patients, 
healthcare providers can track and analyze 
patient data without re- quiring hospital 
visits. This has significantly reduced 
hospital readmissions and enhanced the 
management of chronic conditions like 
diabetes, heart failure, and hypertension. 
Ac- cording to a report by Deloitte, the 
global IoMT market was valued at $44.5 
billion in 2018 and is projected to grow 
to $254.2 billion by 2026, driven by 
advancements in con- nected devices 
and artificial intelligence (AI) integration 
in healthcare. IoMT-enabled remote 
monitoring tools are revolutionizing the 
diagnosis and management of diseases. 
One such example is the use of continuous 
glucose monitors (CGMs) for diabetes 
man- agement. Before the advent of IoMT, 
patients had to rely on intermittent finger-
prick tests to measure their blood glucose 
levels, which provided limited data. With 
CGMs, a small sensor placed under the 
skin continuously tracks glucose levels 
and sends real-time data to a smartphone 
or cloud-based platform, allowing both 
the patient and healthcare provider to 
monitor trends and adjust treatments 
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proactively. This has resulted in better 
glycemic control, reducing complications 
and hospitalizations.

Another case is the use of wearable 
electrocardiogram (ECG) monitors for 
detecting heart arrhythmias. Traditionally, 
diagnosing arrhythmias required patients 
to undergo lengthy hospital stays for 
continuous ECG monitoring, often 
involving bulky Holter mon- itors. With 
the development of lightweight, portable 
ECG patches, patients can now be 
monitored continuously in their everyday 
environments, allowing for the early 
detection of arrhythmias such as atrial 
fibrillation (AFib). In fact, a clinical study 
published in The Lancet demonstrated that 
wearable ECG patches could detect AFib 
13 times more frequently than standard 
care methods.

Beyond patient care, IoMT devices are 
improving operational efficiency in 
hospitals and healthcare facilities. Smart 
inventory management systems, for 
example, use IoT sensors to monitor 
the availability of medical supplies and 
equipment in real time. These systems 
automatically reorder supplies when stock 
levels are low, ensuring that health- care 
workers always have access to critical tools 
and medications. This has significantly 
reduced administrative burdens, allowing 
clinicians to focus on patient care instead 
of logistical concerns. Moreover, IoMT-
based systems have been instrumental in 
optimizing

hospital workflows. For instance, RFID-
enabled IoT tags attached to hospital 
equipment can track the location and 
availability of medical devices like infusion 
pumps, ventilators, and defibrillators. This 
minimizes the time healthcare workers 
spend searching for equip- ment, especially 
during emergencies, thereby improving 
response times and enhancing patient 
outcomes.

The impact of IoMT can also be seen in 
the management of chronic respiratory 

dis- eases. Traditionally, patients with 
chronic obstructive pulmonary disease 
(COPD) or asthma relied on periodic visits 
to healthcare providers for lung function 
tests and clin- ical evaluations. These tests, 
while effective, were often limited to a 
snapshot of the patient’s health, leaving 
gaps in continuous monitoring and early 
intervention. With the introduction of smart 
inhalers and portable spirometers, IoMT 
has revolutionized respira- tory care. Smart 
inhalers track medication usage and ensure 
that patients adhere to their treatment 
plans. These devices also send real-time 
data to healthcare providers, allowing them 
to monitor patient progress and intervene 
before a potential exacerbation. In a clinical 
study by The New England Journal of  
Medicine,  patients using smart inhalers 
had 60% fewer exacerbations compared to 
those using traditional inhalers, highlighting 
the effectiveness of IoMT in improving 
patient outcomes.

As IoMT devices handle highly sensitive 
and critical medical data, including 
real-time patient health information, 
diagnostics, and treatment records, 
securing these devices is of paramount 
importance. The data collected by IoMT 
devices is often transmitted through 
wireless networks and stored in cloud-
based systems, exposing it to a variety of 
cyber risks. Cyberattacks on healthcare 
systems have increased significantly in 
recent years, with breaches involving IoT 
and IoMT devices posing serious threats 
to patient privacy and safety. The health 
information transmitted by IoMT devices 
often includes personally identifiable 
information (PII) and protected health 
information (PHI) under regulations like 
the Health Insurance Portability and 
Accountability Act (HIPAA). Any breach of 
this data can lead to severe consequences, 
including identity theft, financial fraud, 
and the compromise of patient safety. 
For example, if a connected insulin pump 
is hacked, it could potentially deliver 
incorrect doses of insulin, putting the 
patient’s life at risk. Moreover, the large-
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scale deployment of IoMT devices has 
created new vulnerabilities in healthcare 
networks. Many legacy medical devices 
that have been integrated into IoMT 
systems were not originally designed with 
cybersecurity in mind, making them easy 
targets for cybercriminals. A 2020 report 

Figure 1: Overview of the Internet of Medical Things (IoMT) ecosystem.

1.2 Indian Healthcare Landscape and 
IoMT Adoption

The Indian healthcare system is one of 
the largest in the world, catering to a 
diverse population with varying healthcare 
needs. The landscape is a blend of public 
and private healthcare providers, with 
significant gaps in healthcare accessibility, 
infrastructure, and quality of care in rural 
and urban areas. Despite these challenges, 
India is steadily advancing in the adoption 
of digital health technologies, including 
the Internet of Medical Things (IoMT), 
which promises to revolutionize healthcare 
delivery in the country.

by the healthcare cybersecurity firm 
Cynerio revealed that 53% of connected 
medical devices have critical vulnerabilities 
that could be exploited by attackers, 
highlighting the need for robust security 
measures.

1.2.1 Healthcare Infrastructure and 
Accessibility in India

India’s healthcare system comprises a mix 
of public healthcare facilities funded by 
the government and a vast network of 
private providers. Public healthcare in India, 
while affordable, often faces issues related 
to overcrowded hospitals, insufficient 
resources, and limited access to advanced 
medical technologies. In contrast, the 
private healthcare sector offers better 
infrastructure and advanced care but 
at a cost that is often prohibitive for a 
significant portion of the population.
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Accessibility is another key challenge. 
According to a report by the World Bank, 
India has only 8.5 hospital beds per 10,000 
people, far below the global average. In 
rural areas, where over 65% of India’s 
population resides, healthcare facilities are 
often inadequate, and residents must travel 
long distances to access specialized care. 
This disparity in healthcare accessibility has 
created an urgent need for technologies 
that can bridge the gap between rural and 
urban healthcare, and this is where IoMT 
has shown tremendous promise.

1.2.2 The Rise of IoMT Adoption in Indian 
Healthcare

The adoption of IoMT devices in India 
is growing as healthcare providers seek 
innovative solutions to improve patient 
care, manage chronic diseases, and 
streamline healthcare delivery.   IoMT 
devices, such as connected glucose 
monitors, smart diagnostic tools, and 
wearable health trackers, are being 
integrated into both urban and rural 
healthcare settings to enable real-time 
monitoring and diagnostics.

One of the critical factors driving the 
adoption of IoMT in India is the rise of 
telemedicine and remote healthcare 
services, especially in the wake of the 
COVID-19 pan- demic. Telemedicine 
platforms, supported by IoMT devices, 
allow healthcare providers to remotely 
monitor patients’ vital signs, symptoms, 
and disease progression without re- quiring 
them to visit hospitals. This has been 
particularly beneficial in managing chronic 
diseases like diabetes and hypertension. 
A report by the Indian Council of Medical 
Re- search (ICMR) suggests that over 77 
million people in India suffer from diabetes, 
and the integration of IoMT devices in 
their treatment has improved both patient 
outcomes and overall disease management.

1.2.3 Governmental Initiatives and Legal 
Framework for IoMT and Digital Health

The Indian government has recognized the 

potential of digital health technologies and 
is actively promoting the adoption of IoT 
and IoMT devices through several initiatives 
and regulatory frameworks. These include 
the Ayushman Bharat Digital Mission 
(ABDM), National Digital Health Mission 
(NDHM), and various data protection laws 
that govern the secure use of IoMT devices 
and the data they generate.

Digital Personal Data Protection (DPDP) 
Act  One of the most significant leg- 
islative developments in the context of 
IoMT is the Digital Personal Data Protection 
(DPDP) Act, which was introduced to 
safeguard personal data and protect 
individual privacy. Since IoMT devices 
generate and process vast amounts of 
sensitive patient data, including health 
records, diagnostic information, and real-
time health monitoring, the DPDP Act is 
crucial for ensuring the secure handling of 
this data.

The DPDP Act mandates that any 
organization or healthcare provider 
collecting personal data from IoMT devices 
must:

•	 Obtain explicit consent from patients 
before collecting or processing their 
data.

•	 Implement appropriate security 
measures to protect the data from 
breaches and unauthorized access.

•	 Ensure that data is stored and 
transmitted in compliance with privacy 
and security standards.

Information Technology (IT) Act, 2000 and 
Amendments The Information Technology 
(IT) Act, 2000, along with its amendments, 
provides a broad legal frame- work for the 
regulation of electronic data and cyber 
activities in India. Under this Act, the 
government has issued guidelines on the 
handling of sensitive personal data, includ- 
ing medical records. Section 43A of the 
IT Act requires organizations that collect 
and store sensitive personal data (such 
as health information generated by IoMT 
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devices) to implement reasonable security 
practices and procedures to protect this 
data.

The Information Technology (Reasonable 
Security Practices and Procedures and 
Sen- sitive Personal Data or Information) 
Rules, 2011, further define sensitive personal 
data to include medical records and health 
data, making these laws directly applicable 
to IoMT devices used in healthcare.

Health Data Management Policy (HDMP) 
The Health Data Management Policy 
(HDMP), formulated under the Ayushman 
Bharat Digital Mission (ABDM), sets stan- 
dards for the secure exchange, storage, 
and management of health data in India. 
This policy is aimed at creating a secure 
and interoperable digital health ecosystem, 
where IoMT devices can share data across 
healthcare systems while ensuring privacy 
and secu- rity.

The HDMP mandates that IoMT devices 
integrated into the digital health infras- 
tructure must adhere to the highest 
standards of data protection and 
interoperability, specifying that:

•	 All health data must be encrypted 
during transmission and storage.

•	 Healthcare providers must obtain 
patient consent before accessing or 
sharing IoMT- generated data.

•	 Data-sharing must be limited to 
authorized healthcare professionals to 
prevent mis- use of health information.

Personal Data Protection (PDP) Bill The 
Personal Data Protection (PDP) Bill, 
although yet to be enacted, lays the 
groundwork for a more comprehensive 
data protection regime in India. If passed, 
the PDP Bill will further enhance the 
protection of sensitive health data, 
ensuring that healthcare providers and 
IoMT device manufacturers adopt stringent 
data protection practices.

The  Clinical  Establishments  (Registration  
and  Regulation)  Act,  2010   The Clinical 
Establishments (Registration and 
Regulation) Act, 2010 mandates that 
clinical establishments must maintain 
accurate and secure health records for 
patients. With the increasing use of IoMT 
devices for diagnostics and treatment 
monitoring, this Act ensures that 
healthcare providers adhere to strict data 
handling practices to safeguard patient 
information.
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1.2.4 Case Study: IoMT in the Diagnosis 
and Management of Cardiovascular 
Diseases

One of the key areas where IoMT has made 
a significant impact in India is in the diag- 
nosis and management of cardiovascular 
diseases (CVD). Cardiovascular diseases 
are the leading cause of death in India, with 
an estimated 2.8 million deaths annually 
attributed to heart-related conditions, 
according to the Indian Heart Association.

Before the integration of IoMT devices, 
diagnosing and managing heart conditions 
often involved multiple hospital visits, 
expensive tests, and limited follow-up care. 
Pa- tients, especially in rural areas, found 
it difficult to access cardiologists and 
specialized diagnostic tools.

The introduction of IoMT-enabled devices 
like portable ECG monitors and smart 
blood pressure monitors has transformed 
the way cardiovascular diseases are 
managed in India. For example, patients 
can now wear compact ECG patches that 

continuously mon- itor their heart rhythms 
and automatically send the data to their 
healthcare providers via mobile apps. This 
enables early detection of arrhythmias and 
other heart conditions with- out requiring 
the patient to visit a hospital. Healthcare 
providers can use this real-time data to 
adjust medications, recommend lifestyle 
changes, or even schedule interventions 
like angioplasty before a heart attack 
occurs.

A case study from Apollo Hospitals 
demonstrates the effectiveness of IoMT 
devices in improving cardiovascular 
care. In a rural outreach program, Apollo 
introduced IoMT devices to monitor the 
heart health of patients in remote areas. 
These devices were connected to a cloud-
based system that allowed cardiologists 
in urban centers to remotely interpret 
the data and recommend treatments. 
The program resulted in a 40% reduction 
in hospital admissions for heart-related 
emergencies, highlighting the life-saving 
potential of IoMT in underserved areas.
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IoMT Devices

The Internet of Medical Things 
(IoMT) encompasses a wide 
range of interconnected med- 

ical devices and systems that enhance 
patient care, improve the efficiency of 
healthcare operations, and facilitate real-
time monitoring and diagnostics. These 
devices vary in complexity, ranging from 
simple wearable sensors to advanced 
implantable medical de- vices. However, 
as the integration of IoMT expands, it also 
introduces several security vulnerabilities 
that must be addressed to safeguard 
sensitive patient data and ensure the safe 
operation of these devices.

2.1 Types of IoMT Devices

IoMT devices are classified into several 
categories based on their functionality and 
use cases. Below are the primary types 
of IoMT devices that are transforming the 
healthcare landscape:

2.1.1 Wearable Devices

Wearable IoMT devices are among the 
most popular and widely used in both 
personal health management and clinical 
care. These devices include fitness trackers, 
smart- watches, and wearable sensors 

that monitor vital signs such as heart rate, 
body tem- perature, oxygen saturation, and 
physical activity levels.

Fitness Trackers and Smartwatches 
Devices like the Apple Watch and Fitbit are 
equipped with sensors that track physical 
activity, heart rate, and other vital signs, 
enabling users to monitor their health 
in real time. These devices can also alert 
users or healthcare providers to abnormal 
conditions such as irregular heart rhythms.

Wearable ECG and Blood Pressure 
Monitors Devices like the KardiaMobile 
ECG monitor and portable blood pressure 
cuffs provide patients with real-time 
diagnostic capabilities. These wearables 
are used by patients with chronic 
cardiovascular conditions, allowing 
continuous monitoring without the need 
for frequent clinic visits.

Wearable Respiratory Monitors Respiratory 
monitors, such as pulse oximeters or 
portable spirometers, are used to track 
lung function and oxygen levels in patients 
with respiratory diseases like chronic 
obstructive pulmonary disease (COPD) or 
asthma.

2
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2.1.2 Implantable Devices

Implantable IoMT devices are placed inside 
the body to monitor and manage specific 
medical conditions. These devices are 
often used for critical health management 
and deliver real-time data to healthcare 
providers.

Cardiac Pacemakers and Defibrillators 
These devices are used  to  manage  
heart rhythm disorders by delivering 
electrical impulses to regulate heartbeats. 
Connected pacemakers transmit data 
about the patient’s heart health, allowing 
physicians to monitor the performance of 
the device remotely.

(a) Apple Watch.

(a) Implantable Insulin Pump (b) Implantable Pacemaker (c) Working 
of Implantable 

Neurostimulators

(b) Abbott Freestyle Libre CGM

Figure 2: Wearable IoMT devices

Figure 3: Implantable IoMT devices

Insulin Pumps Patients with diabetes use 
insulin pumps to manage their glucose 
levels. These devices are often integrated 
with continuous glucose monitors (CGMs), 
providing a closed-loop system that 
delivers insulin based on real-time glucose 
readings.

Neurostimulators Devices like deep brain 
stimulators are used to treat neurological 
conditions such as Parkinson’s disease by 
sending electrical signals to specific parts 
of the brain. These devices can be adjusted 
remotely based on the patient’s condition 
and response to therapy.
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2.1.3 In-Hospital Monitoring Devices

Hospitals use a wide range of IoMT devices 
to monitor patient health and improve the 
efficiency of care delivery. These devices 
are often networked within the hospital’s IT 
infrastructure.

Smart Infusion Pumps These devices are 
used to administer medications intra- 
venously with high precision, minimizing 
the risk of dosage errors. Connected 
infusion pumps can be monitored and 
adjusted remotely by healthcare providers, 
ensuring con- tinuous care.

Smart Beds Equipped with sensors to 
monitor patient movement, vital signs, 
and even pressure points, smart beds help 
healthcare providers prevent complications 
like bedsores or falls in hospitalized 
patients.

Remote  Patient  Monitoring  Systems    
Systems like wearable biosensors that 
moni- tor multiple vital signs (heart rate, 
temperature, oxygen levels) are often 
used in intensive care units (ICUs). These 
devices provide continuous monitoring 
of critical patients and send alerts to 
healthcare providers if abnormal patterns 
are detected.

2.1.4 Diagnostic and Imaging Devices

IoMT devices are also integrated into 
diagnostic tools and imaging systems, 
providing real-time access to health data 
and enabling remote diagnosis.

Connected Ultrasound Machines Portable 
ultrasound machines that can transmit 
imaging data to cloud platforms are 
commonly used in remote areas where 
specialized diagnostic facilities may be 
limited.

(a) Alaris Smart Infusion Pump (b) Stryker Smart Bed

Figure 4: In-Hospital Monitoring IoMT Devices

MRI  and  CT  Scanners    Advanced  
diagnostic  imaging  systems  can  be  
connected to hospital networks, allowing 
specialists to analyze images remotely and 
consult with healthcare teams in real-time.

Point-of-Care Diagnostics Devices like 
handheld blood analyzers or portable elec- 
trocardiographs (ECG) allow healthcare 
providers to perform rapid diagnostic tests 
at the bedside, in rural clinics, or during 
home visits.
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2.2 Vulnerabilities in IoMT Devices

While the Internet of Medical Things (IoMT) 
brings significant advancements in patient 
care, real-time monitoring, and healthcare 
management, it also introduces new 
security challenges. IoMT devices, which 
handle sensitive patient data, are at risk 
from attackers because they are connected 
to healthcare networks. The vulnerabilities 
associated with these devices pose 
significant risks to patient safety, data 
privacy, and the overall integrity of 
healthcare systems. The key vulnerabilities 
in IoMT devices are described below.

2.2.1 Lack of Standardized Security 
Protocols

One of the most critical issues with 
IoMT devices is the lack of standardized 
security protocols across manufacturers 
and devices. Different IoMT devices use 
different com- munication systems, and 
not all of them have strong security 
protections. This lack of standardization 
creates vulnerabilities that can be exploited 
by attackers, particularly in multi-device 
networks.

Without standardized security protocols, 
IoMT devices are vulnerable to:

W e a r a b l e 
Devices

Home Health 
Devices

Implantable 
Devices

Hospital 
Equipment

Figure 5: Types of devices in the Internet of Medical Things (IoMT) ecosystem

Cloud System 
(Data Processing)

•	 Data interception: If data transmission 
between IoMT devices and healthcare 
systems is not encrypted, it can be 
intercepted by unauthorized parties, 
exposing sensitive patient information 
such as medical histories, diagnoses, 
and treatments.

•	 Device tampering:  Attackers  may  
exploit  unsecured  communication  
channels to gain unauthorized access 
to IoMT devices and manipulate their 
functionality. For example, hackers 
could alter the settings of an insulin 
pump or pacemaker, potentially causing 
harm to the patient.

2.2.2 Legacy Systems and Outdated 
Software

Many healthcare institutions still rely 
on legacy systems that may not fully 
support modern IoMT devices or the 
latest cybersecurity features. These 
legacy systems create security gaps 
where outdated software lacks the ability 
to defend against contemporary cyber 
threats. Many older medical devices, such 
as MRI machines or infusion pumps, were 
not originally designed with cybersecurity 
in mind, making them particularly 
vulnerable to attacks.
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Outdated software can leave IoMT devices 
open to:

•	 Device hijacking: Attackers may exploit 
vulnerabilities in legacy systems to take 
control of connected medical devices, 
such as defibrillators, insulin pumps, or 
ven- tilators. Once hijacked, the attacker 
can alter device settings, potentially 
putting the patient’s life at risk.

•	 Data breaches: Legacy systems may 
not include encryption or other modern 
data protection measures, making them 
susceptible to data breaches where 
attackers can steal or modify patient 
health records.

2.2.3 Insufficient Authentication 
Mechanisms

Robust authentication mechanisms are 
essential for ensuring that only authorized 
health- care professionals can access 
IoMT devices and the sensitive data they 
collect. Unfortu- nately, many IoMT devices 
lack sufficient authentication protocols, 
such as strong pass- word protection or 
multi-factor authentication (MFA). Weak 
authentication mechanisms make these 
devices easy targets for cybercriminals.

Some common issues related to insufficient 
authentication include:

•	 Weak passwords: Many IoMT devices 
still use factory-default passwords or 
weak password protection. Attackers 
can easily exploit these weak points by 
using auto- mated tools to gain access 
to the device and the data it holds.

•	 Insecure APIs: IoMT devices often rely 
on Application Programming Interfaces 
(APIs) to communicate with other 
devices or systems. The way these 
devices communicate with healthcare 
systems can be insecure, making them 
targets for hackers.

•	 Lack of multi-factor authentication 
(MFA): IoMT devices that do not 
imple- ment MFA are at higher risk of 

unauthorized access. Attackers can 
gain control of devices or networks 
with stolen credentials or through brute 
force attacks.

2.2.4 Lack of Regular Software and 
Firmware Updates

Medical device manufacturers often do not 
provide regular updates for IoMT devices, 
leaving them vulnerable to new threats 
and exploits. Without timely patches or 
firmware updates, IoMT devices remain 
exposed to known vulnerabilities, making 
them easy tar- gets for cyberattacks.

Potential issues related to insufficient 
updates include:

•	 Zero-day vulnerabilities: Attackers may 
exploit previously unknown vulnera- 
bilities (zero-day attacks) in IoMT 
devices, especially if manufacturers are 
slow to issue security patches. These 
vulnerabilities can provide attackers 
with unau- thorized access to sensitive 
patient data or allow them to control 
critical medical devices.

•	 Firmware manipulation: IoMT devices 
with outdated firmware are susceptible 
to manipulation, where attackers alter 
the functionality of the device. For 
example, an attacker could manipulate 
the firmware of an insulin pump to 
deliver incorrect doses, posing a 
significant threat to patient safety.

2.2.5 Limited Physical Security

In addition to software vulnerabilities, 
IoMT devices are also at risk due to limited 
phys- ical security. Many IoMT devices are 
deployed in patient homes, clinics, or other 
health- care settings where physical access 
controls may be lacking. This increases the 
risk of tampering, theft, or unauthorized 
device access.

•	 Physical tampering: Attackers may 
physically access IoMT  devices  to  
manipu- late their hardware, install 
malware, or gain direct access to the 
network.
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•	 Device theft: Small, portable IoMT 
devices, such as wearable monitors or 
mobile diagnostic tools, are vulnerable 
to theft. Once stolen, the data stored 
on the device can be extracted and 
misused.

2.3 Threat Landscape and Attack 
Categories

The rapid adoption of IoMT devices in 
healthcare has significantly increased 
the attack surface, making healthcare 
organizations prime targets for 
cyberattacks. Due to the critical nature of 
healthcare services, attackers often target 
medical devices and healthcare systems for 
financial gain, data theft, or even disruption 
of patient care. Understanding the threat 
landscape and the common attack 
categories that affect healthcare systems is 
essential for developing effective security 
strategies.

2.3.1 Ransomware Attacks

Ransomware attacks are among the 
most prevalent and disruptive forms of 
cyberattacks on healthcare organizations. 
In a ransomware attack, malicious software 
is used to encrypt sensitive data, rendering 
it inaccessible until a ransom is paid. 
Healthcare institutions are particularly 
vulnerable to ransomware attacks due 
to their reliance on continuous access to 
patient records and operational systems.

One of the most infamous ransomware 
attacks was the WannaCry attack in 
May 2017, which impacted both the 
UK’s National Health Service (NHS) and 
several healthcare in- stitutions globally, 
including hospitals in India. The attack 
caused significant operational disruptions 
in the NHS, affecting over 70,000 devices, 
including medical equipment like MRI 
scanners. In India, hospitals in Kerala and 
West Bengal were also affected, forcing 
them to revert to manual operations. These 
examples show how ransomware attacks 
are a global threat, severely impacting 
patient care and healthcare services across 
the world.

2.3.2 Data Breaches and Patient Data 
Theft

Healthcare organizations store vast 
amounts of sensitive patient data, making 
them attractive targets for data breaches. 
Attackers often seek access to Electronic 
Health Records (EHRs), which contain 
personal identification data, medical 
histories, and insur- ance details. Stolen 
health records can be used for identity 
theft, medical fraud, or sold on the dark 
web.

In 2015, health insurer Anthem in the US 
suffered a massive data breach, compro- 
mising the personal data of nearly 80 
million individuals. Similarly, in India, the 
2021 CoWIN vaccination platform faced 
allegations of a data breach, where 
personal informa- tion of millions of 
citizens was reportedly leaked. While the 
Indian government denied the breach, 
both incidents underscore the importance 
of securing healthcare data, which is 
increasingly targeted both globally and 
within India.

2.3.3 Distributed Denial of Service (DDoS) 
Attacks

Distributed Denial of Service (DDoS) 
attacks aim to overwhelm a healthcare 
organiza- tion’s network by flooding it 
with traffic, rendering it inaccessible. These 
attacks can cripple hospital networks, 
delay medical services, and prevent 
healthcare providers from accessing critical 
information or systems.

In 2014, Boston Children’s Hospital in the 
US was hit by a DDoS attack orchestrated 
by the hacker collective Anonymous, 
disrupting its network and delaying patient 
services. In India, the All India Institute of 
Medical Sciences (AIIMS) experienced a 
DDoS attack in 2022, which affected online 
services like patient appointment systems. 
These examples highlight the global nature 
of DDoS threats, which can bring critical 
healthcare services to a standstill, both in 
developed and developing countries.
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2.3.4 Insider Threats

Insider threats in healthcare occur when 
employees, contractors, or others with 
legitimate access to systems misuse 
their privileges for malicious purposes or 
through negligence. This can result in data 
breaches, fraud, or sabotage.

For example, in 2010, a breach at Columbia 
University and NewYork-Presbyterian 
Hospital in the US exposed the medical 
records of thousands of patients due to 
insider negligence. In India, in 2020, a 
Mumbai hospital employee was arrested 
for selling sen- sitive patient data to third 
parties. Both cases demonstrate that 
insider threats are a significant challenge 
in healthcare organizations worldwide, 
requiring stringent access control 
measures and monitoring to prevent 
misuse.

2.3.5 Phishing Attacks

Phishing is when hackers send fake emails 
to healthcare staff, hoping they’ll click on 
dangerous links or give away important 
information like passwords or financial 
details. These attacks can lead to data 
breaches or provide entry points for more 
extensive network intrusions.

In 2020, the University of Vermont Health 
Network in the US fell victim to a large- 
scale phishing attack that resulted in 
a ransomware infection and disrupted 
patient care. Similarly, in India, healthcare 
organizations were targeted in 2018 by 
phishing emails impersonating regulatory 
bodies, aiming to steal login credentials. 
These incidents show that phishing attacks 

affect healthcare institutions globally and 
highlight the need for employee training 
and improved email security measures.

2.3.6 Medical Device Exploitation

IoMT devices, including medical implants, 
wearable devices, and in-hospital 
monitoring systems, are increasingly being 
targeted by attackers due to their limited 
security features. Exploiting vulnerabilities 
in medical devices can pose life-
threatening risks to patients and disrupt 
healthcare services.

In 2017, vulnerabilities were discovered 
in pacemakers manufactured by St. 
Jude Medical, allowing attackers to 
potentially alter device settings, which 
prompted the recall of over 465,000 
devices. In India, concerns have been 
raised about the security of IoMT devices, 
such as connected insulin pumps and 
remote monitoring systems, though no 
major incidents have been reported yet. 
These examples emphasize the need for 
enhanced security protocols in medical 
devices to prevent exploitation globally 
and in India.

These incidents underscore the critical 
need for robust cybersecurity measures 
within the IoMT ecosystem. The 
consequences of successful attacks can 
be catastrophic, leading to disrupted 
medical treatments, delayed diagnoses, 
and even loss of life due to compro- mised 
patient safety. As healthcare continues to 
embrace IoMT solutions, addressing these 
vulnerabilities through proactive security 
strategies will be essential for protecting 
both patients and healthcare providers.



 Federated Learning in Healthcare Security Domain  |  17

Solutions for IoMT Security
As the adoption of IoMT devices increases, 
so do the security challenges that healthcare 
organizations face. The critical nature of the 
data handled by these devices, combined 
with the potential impact of a security breach 
on patient safety, makes IoMT security a top 
priority. Developing robust solutions requires 
a multi-faceted approach that addresses the 
various vulnerabilities introduced by IoMT 
devices. Security solutions for IoMT can be 
broadly categorized into device-specific 
measures, edge computing solutions, 
cloud- based strategies, AI and machine 
learning approaches, and federated learning 
techniques. Each of these approaches 
addresses different aspects of IoMT security, 
ensuring that data is protected, devices are 
resilient to cyberattacks, and patient safety 
is prioritized.

3.1 Device-Specific Solutions

Device-specific solutions focus on securing 
IoMT devices at the hardware and software 
level. Given the diversity of IoMT devices—
ranging from wearable monitors to im- 
plantable pacemakers—each type of device 
requires tailored security mechanisms to 

ad- dress its unique vulnerabilities. These 
solutions aim to ensure that data is securely 
transmitted, device integrity is maintained, 
and unauthorized access is prevented.

3.1.1 Secure Boot and Firmware Updates

One critical device-specific solution is 
ensuring a secure boot process for IoMT 
devices. Secure boot involves validating the 
integrity of the device’s firmware during 
the startup process to ensure that it has 
not been tampered with or modified by 
malicious actors. This helps prevent the 
introduction of malware into the device’s 
system.

Regular firmware updates are also essential 
to address security vulnerabilities. Many IoMT 
devices are deployed with firmware that 
may become outdated over time, exposing 
them to security risks. Manufacturers must 
implement secure firmware update mecha- 
nisms that allow for seamless, over-the-air 
updates, ensuring that security patches can 
be applied without disrupting the device’s 
functionality.

3
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3.1.2 Encryption of Data Transmission

Data generated by IoMT devices is highly 
sensitive and often includes real-time 
patient health information. Protecting this 
data during transmission is crucial. Device-
specific solutions should include end-to-end 
encryption to ensure that data is encrypted 
both in transit and at rest. This prevents 
attackers from intercepting or altering the 
data as it moves between IoMT devices and 
healthcare systems.

For example, encryption protocols like TLS 
(Transport Layer Security) or IPsec (In- ternet 
Protocol Security) can be implemented 
to secure communication between IoMT 
devices and hospital networks, ensuring 
that unauthorized parties cannot eavesdrop 
on the transmitted data.

3.1.3 Strong Authentication Mechanisms

Many IoMT devices are susceptible to attacks 
due to weak or nonexistent authentication 
protocols. Device-specific solutions 
should incorporate strong authentication 
mechanisms to ensure that only authorized 
users and systems can access the devices. 
Multi-factor authentication (MFA) can 
provide an additional layer of security by 
requiring healthcare professionals to verify 
their identity through multiple means, such 
as a password and a biometric scan or one-
time password.

For example, wearable insulin pumps or 
implantable cardiac devices should require 
authentication before any changes to their 
settings can be made. This ensures that only 
authorized healthcare providers have the 
ability to alter critical device parameters, 
protecting patients from malicious 
tampering.

3.1.4 Intrusion Detection Systems (IDS) for 
IoMT Devices

IoMT devices are often integrated into 
larger healthcare networks, which means 
that any vulnerabilities in the devices can be 
exploited to launch attacks on the broader 
network.

Incorporating Intrusion Detection Systems 
(IDS) that are specifically designed for IoMT 
devices can help detect anomalous behavior 
and potential security breaches in real time.

These IDS can be designed to monitor 
traffic patterns, device behavior, and 
commu- nication protocols to identify 
deviations from normal operations. If 
suspicious activity is detected, the system 
can alert network administrators and initiate 
automatic responses, such as disconnecting 
the compromised device from the network 
to prevent further dam- age.

3.1.5 Physical Security for IoMT Devices

In addition to software security, ensuring 
the physical security of IoMT devices is 
crucial. Many IoMT devices are deployed 
in environments where physical access is 
relatively easy, such as patient homes or 
outpatient clinics. Device-specific solutions 
should include measures to prevent physical 
tampering, such as secure casings, tamper-
evident seals, or secure storage locations 
for sensitive devices.

For example, implantable devices, such as 
pacemakers or neurostimulators, must be 
designed to prevent unauthorized physical 
access or tampering. In cases where IoMT 
devices are used in hospital settings, 
ensuring that devices are securely stored 
and only accessible to authorized personnel 
can reduce the risk of device theft or 
manipulation.

3.2 Edge Computing Solutions

As the Internet of Medical Things (IoMT) 
continues to expand, the demand for real-
time data processing and reduced network 
latency has driven the adoption of edge 
comput- ing solutions. In an edge computing 
architecture, data generated by IoMT devices 
is processed closer to the source—on local 
edge devices or edge servers—rather than 
be- ing sent to centralized cloud servers 
for processing. This approach improves 
response times, enhances data privacy, and 
reduces the load on network infrastructure, 
making it particularly suitable for healthcare 
environments.



 Federated Learning in Healthcare Security Domain  |  19

Edge computing introduces several security 
advantages for IoMT, as it mitigates the 
risks associated with transmitting sensitive 
patient data over long distances and 
reduces the potential for large-scale attacks 
on centralized cloud systems. Below are key 
edge computing solutions that enhance 
IoMT security.

3.2.1 Decentralized Data Processing and 
Security

In traditional cloud-based architectures, 
all data generated by IoMT devices is 
sent to centralized servers for processing 
and analysis. This increases the risk of 
cyberattacks, as a single point of failure 
or breach in the cloud infrastructure can 
compromise the security of the entire 
system. Edge computing helps mitigate this 
risk by decentralizing data processing.

By processing data locally on edge devices, 
healthcare organizations can ensure that 
sensitive health information does not leave 
the hospital’s premises or the patient’s home. 
In this decentralized model, each edge node 
operates independently, and even if one 
node is compromised, the impact is isolated, 
reducing the overall risk to the healthcare 
network.

For instance, patient data from wearable 
devices like glucose monitors or heart rate 
sensors can be processed locally on an 
edge server located in a hospital or clinic. 
The results can then be transmitted to 
healthcare professionals, ensuring that only 
the relevant data is shared, reducing the 
risk of exposing raw health data to external 
networks.

3.2.2 Improved Latency and Real-Time 
Threat Detection

One of the significant benefits of edge 
computing in IoMT environments is the 
ability to detect and respond to security 
threats in real time. With data processed 
closer to the source, edge devices can 
immediately analyze incoming information, 
detect anomalies, and flag potential security 
incidents.

For example, in critical care settings, edge 
devices can monitor patient vitals in real 
time, detecting abnormal patterns or device 
malfunctions. If an anomaly is detected, 
the edge system can immediately alert 
healthcare providers, isolate the affected 
device, or even disable malicious activity. 
This real-time response is essential in life-
threatening situations, where delays caused 
by sending data to remote cloud servers 
could have severe consequences for patient 
safety.

Edge computing also reduces the reliance 
on constant internet connectivity, which is 
crucial in scenarios where network access is 
unreliable. Healthcare facilities in remote or 
rural areas can benefit from edge solutions, 
ensuring continuous device monitoring and 
security without needing to rely on the 
cloud.

3.2.3	 Enhanced Privacy and Data 
Confidentiality

Edge computing allows healthcare providers 
to process sensitive patient data locally, 
which enhances privacy and confidentiality. 
In a traditional cloud-based model, raw 
data—including personal health information 
(PHI)—is often transmitted over the inter- 
net to centralized servers.  This increases the 
risk of data breaches during transmission or 
while at rest in the cloud.

By keeping data processing at the edge, 
healthcare institutions can minimize the 
amount of sensitive data that needs to 
be transmitted or stored in the cloud. For 
instance, an IoMT device could analyze 
patient data locally, encrypt it, and only send 
anonymized or summarized data to the 
cloud for further processing or storage. This 
approach helps protect patient privacy and 
ensures compliance with data protection 
regulations like HIPAA (Health Insurance 
Portability and Accountability  Act)  or  the  
GDPR  (General Data Protection Regulation).
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3.2.4 Secure Device Management at the 
Edge

Edge computing provides an additional 
layer of security by enabling secure device 
man- agement at the network edge. With a 
large number of IoMT devices deployed in 
health- care environments, managing these 
devices centrally can create scalability and 
security challenges. Edge devices can take 
on the responsibility of managing security 
protocols, firmware updates, and access 
controls for the IoMT devices connected to 
them.

For instance, an edge gateway can be used 
to authenticate and authorize IoMT devices 
before they are allowed to transmit data. 
This helps prevent unauthorized devices 
from accessing the healthcare network. 
Additionally, the edge device can manage 
regular security updates for IoMT devices, 
ensuring that vulnerabilities are patched 
promptly without relying on a centralized 
cloud system.

3.2.5 AI-Driven Edge Security

Artificial Intelligence (AI) and Machine 
Learning (ML) techniques can also 
be integrated into edge computing 
architectures to enhance IoMT security. Edge 
devices equipped with AI algorithms can 
analyze data in real time, detect suspicious 
activities, and learn from past behavior to 
improve threat detection over time.

For example, AI-driven edge devices can 
monitor patterns of IoMT device usage 
and detect deviations that may indicate a 
security threat, such as abnormal device 
behavior, unusual data traffic, or attempts 
to access restricted areas of the network. 
Machine learning algorithms can be used 
to continuously improve the detection of 
new and evolving threats, making edge 
computing a powerful tool in securing IoMT 
networks.

3.3 Cloud-Based Solutions

The integration of cloud computing into 
the Internet of Medical Things (IoMT) has 

en- abled healthcare organizations to 
store, process, and analyze vast amounts 
of data more efficiently. Cloud platforms 
offer scalability, flexibility, and cost-
effective solutions for managing the 
enormous volumes of data generated 
by IoMT devices. However, while cloud-
based infrastructures provide numerous 
benefits, they also introduce unique secu- 
rity challenges.  Protecting patient data in 
the cloud, ensuring regulatory compliance, 
and preventing unauthorized access are 
essential considerations for healthcare 
providers leveraging cloud-based solutions.

This section outlines several cloud-based 
security measures that can enhance IoMT 
device security while addressing the risks 
associated with storing and processing 
sensitive health information in cloud 
environments.

3.3.1 Data Encryption and Secure Cloud 
Storage

One of the foundational security measures 
for cloud-based IoMT solutions is data 
encryp- tion. When IoMT devices transmit 
sensitive patient data to cloud platforms for 
storage or processing, it must be encrypted 
both in transit and at rest. End-to-end 
encryption ensures that even if data is 
intercepted during transmission, it remains 
unreadable with- out the decryption key. 
Similarly, encryption at rest protects data 
stored in the cloud from unauthorized 
access.

Cloud service providers often offer encryption 
services to their customers, ensuring 
that data stored in their infrastructure is 
protected. For example, cloud platforms 
such as Amazon Web Services (AWS), 
Microsoft Azure, and Google Cloud offer 
built-in en- cryption options like AES-256 
(Advanced Encryption Standard), which 
meets global data protection standards like 
HIPAA and GDPR. Healthcare organizations 
must configure encryption settings 
appropriately and ensure that encryption 
keys are securely managed.
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3.3.2 Access Control and Identity 
Management

Proper access control is critical to securing 
IoMT data in the cloud. Healthcare organiza- 
tions must ensure that only authorized 
personnel can access cloud-stored medical 
data. Role-based access control (RBAC) is a 
common practice that restricts access based 
on an individual’s job function. For example, 
a doctor may have access to a patient’s 
medical records, while administrative staff 
can only view non-sensitive data such as 
appointment schedules.

Cloud service providers typically offer tools 
to manage user identities and access per- 
missions, such as AWS Identity and Access 
Management (IAM) or Microsoft Azure 
Active Directory (AD). These tools help 
organizations implement least-privilege 
policies, ensur- ing that employees only have 
access to the data they need to perform 
their job functions.

Additionally, multi-factor authentication 
(MFA) should be implemented for all users 
accessing IoMT data through the cloud. MFA 
adds an extra layer of security by requiring 
users to verify their identity through multiple 
methods, such as a password and a one-
time code sent to a mobile device.

3.3.3 Secure Cloud APIs

Application Programming Interfaces (APIs) 
are the gateways through which IoMT de- 
vices communicate with cloud platforms. 
APIs are used to send data from devices to 
the cloud and enable healthcare systems to 
interact with cloud-based applications and 
services. However, poorly secured APIs can 
expose IoMT devices to a range of security 
risks, including data breaches, denial of 
service attacks, and unauthorized access.

To mitigate these risks, cloud-based solutions 
should include secure API management 
practices, such as:

•	 API authentication: Ensuring that 
only authenticated devices and users 
can interact with the API. This can be 
achieved using tokens, certificates, or 
API keys.

•	 Rate limiting: Preventing excessive 
requests from overwhelming the system 
and causing denial of service attacks.

•	 Input validation: Ensuring that API 
requests are properly validated to 
prevent attacks like SQL injection or 
buffer overflow.

By securing APIs, healthcare providers can 
ensure that only authorized IoMT devices 
and applications can access their cloud 
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infrastructure.

3.3.4 Cloud-Based Threat Detection and 
Monitoring

Cloud platforms offer advanced monitoring 
tools that can help healthcare organizations 
detect and respond to security threats in 
real time. Cloud service providers offer 
services such as intrusion detection systems 
(IDS) and security information and event 
management (SIEM) that continuously 
monitor network traffic, cloud resources, 
and application logs for suspicious activity.

For example, AWS offers services like 
Amazon GuardDuty, which uses machine 
learn- ing to identify malicious activity within 
the cloud environment. Similarly, Microsoft 
Azure Sentinel is a cloud-native SIEM tool 
that provides real-time threat detection, 
in- cident response, and advanced security 
analytics. By utilizing these tools, healthcare 
organizations can detect and mitigate 
threats before they compromise patient 
data or IoMT devices.

3.3.5 Regulatory Compliance and Data 
Governance

Healthcare organizations using cloud-based 
solutions must ensure that they comply 
with regulations governing patient data 
protection, such as HIPAA, GDPR, or India’s 
Digital Personal Data Protection (DPDP) 
Act. Cloud providers often offer services 
that support regulatory compliance by 
providing audit trails, encryption, and access 
controls that align with these regulations.

For instance, cloud platforms can help 
healthcare providers maintain data 
residency requirements, ensuring that 
patient data remains within specific 
geographical boundaries. Many cloud 
providers offer regional data centers, 
enabling organizations to choose where 
their data is stored to comply with local 
regulations.

Data governance policies must also be in 
place to define how IoMT data is managed, 
including data retention, access rights, and 

incident response. These policies ensure 
that patient data is handled responsibly and 
that the organization remains compliant 
with relevant legal requirements.

3.4 AI/ML-Based Solutions

Artificial Intelligence (AI) and Machine 
Learning (ML) have become essential tools 
in pro- tecting healthcare systems that 
use the Internet of Medical Things (IoMT). 
These tech- nologies help healthcare 
professionals monitor large amounts of data 
from connected med- ical devices, quickly 
identifying unusual activity and responding 
to potential threats. By using AI/ML-based 
solutions, hospitals can detect risks earlier, 
prevent security breaches, and ensure 
patient safety.

3.4.1 Anomaly Detection and Threat 
Intelligence

One of the most effective ways AI/ML helps 
secure IoMT is through anomaly detection. 
AI systems can learn what normal device 
behavior looks like and quickly spot when 
some- thing unusual happens, such as a 
device sending more data than expected 
or receiving unauthorized access attempts. 
This allows healthcare staff to receive alerts 
and take action before patient data is 
compromised or devices are tampered with.

For example, if a connected heart monitor 
suddenly sends large amounts of data 
outside of normal patterns, the AI system 
can notify security teams. This helps 
prevent threats like data leaks, device 
hacking, or network disruptions. AI can also 
learn to recognize new security threats by 
studying the actions of cybercriminals and 
adapting its responses accordingly, keeping 
healthcare systems one step ahead of 
potential attacks.

AI-driven threat intelligence platforms can 
continuously analyze IoMT data streams 
and network traffic to detect emerging 
vulnerabilities and malware signatures, 
helping to keep healthcare systems one 
step ahead of cybercriminals.



 Federated Learning in Healthcare Security Domain  |  23

3.4.2 Predictive Analytics for Vulnerability 
Assessment

AI/ML-based predictive analytics can 
be used to forecast potential security 
vulnerabilities before they are exploited. By 
analyzing historical data on past attacks and 
vulnerabilities, ML algorithms can predict 
which parts of the IoMT infrastructure are 
most likely to be targeted next. This allows 
healthcare organizations to take preemptive 
measures, such as patching software, 
updating firmware, or isolating vulnerable 
devices from the network.

For example, predictive models can analyze 
known attack vectors used in previous 
ransomware campaigns and forecast similar 
threats to IoMT devices. By providing 
early warnings, healthcare providers can 
implement defenses before the attack 
materializes.

3.4.3 Automated Security Responses

AI and ML can also be employed to 
automate security responses, reducing the 
time it takes to mitigate a threat. In IoMT 
environments, where delays in responding to 
secu- rity incidents can have life-threatening 
consequences, automation is crucial for 
ensuring continuous patient safety.

Automated security systems can 
immediately block suspicious traffic, 
quarantine in- fected devices, or revoke 
access to compromised IoMT devices 
without requiring human intervention. This 
real-time response capability ensures that 
threats are neutralized be- fore they can 
escalate and impact patient care.

For instance, if an AI-driven security system 
detects abnormal behavior in an IoMT device, 
such as unauthorized access to medical 
records, it can automatically disconnect 
the device from the network and notify 
the relevant security teams to investigate 
further. This prevents the attacker from 
exploiting the vulnerability while minimizing 
disruption to healthcare services.

3.4.4 AI-Driven Endpoint Protection for 

IoMT Devices

Endpoint protection is critical in securing 
individual IoMT devices from threats such 
as malware, ransomware, and unauthorized 
access. AI-based endpoint protection 
solutions monitor the behavior of IoMT 
devices in real time and can detect subtle 
signs of infection or compromise. These 
systems continuously learn from the 
behavior of both legitimate and malicious 
activities, allowing them to block threats 
before they cause harm.

AI-powered endpoint protection can also 
isolate compromised devices from the 
broader healthcare network to prevent 
the spread of malware or other threats. 
This is particularly important in healthcare 
environments, where IoMT devices often 
share the same network as other critical 
systems, such as electronic health record 
(EHR) platforms and hospital management 
systems.

3.4.5 Securing AI Models Against 
Adversarial Attacks

While AI and ML provide significant 
security benefits, they are not immune to 
adver- sarial attacks. Adversarial attacks 
involve feeding AI models with deceptive 
data inputs designed to manipulate their 
predictions. In the context of IoMT security, 
adversarial attacks could be used to trick AI-
based systems into misclassifying malicious 
activities as benign, allowing attackers to 
bypass security defenses.

To address this risk, healthcare organizations 
must implement robust defenses against 
adversarial attacks, such as training AI 
models on diverse datasets and using 
techniques like adversarial training to 
make models more resilient to deceptive 
inputs. By hardening AI models, healthcare 
organizations can ensure that their AI/ML-
based security solutions remain effective, 
even when targeted by sophisticated 
adversaries.

3.5 Federated Learning-Based 
Solutions
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Federated Learning (FL) is an emerging 
machine learning technique that addresses 
some of the critical security and privacy 
concerns in the Internet of Medical Things 
(IoMT) environment. Unlike traditional 
machine learning models, which require 
centralizing all data for training, federated 
learning enables decentralized data 
processing. In the FL model, data remains at 
the local devices or institutions (hospitals, 
clinics, or IoMT de- vices), while only the 
model updates are shared with a central 
server. This decentralized approach 
enhances data privacy and security, 
making it especially well-suited for health- 
care applications where sensitive patient 
information must be protected.

3.5.1 Decentralized Data Processing for 
Privacy Preservation

One of the key advantages of federated 
learning is its ability to maintain data privacy 
by keeping sensitive information localized. 
In traditional machine learning approaches, 
patient data must be transferred to a central 
server or cloud platform for model training. 
This data transfer process increases the risk 
of data breaches and unauthorized access. 
With federated learning, however, the model 
is trained locally on individual IoMT devices 
or healthcare systems, and only the model’s 
weight updates are sent to a central server.

By ensuring that raw data never leaves the 
local device or healthcare facility, federated 
learning significantly reduces the attack 
surface for potential data breaches. This is 
particularly important in healthcare, where 
strict regulations like HIPAA and GDPR 
govern the use and sharing of personal 
health information (PHI).

For example, in a hospital setting, federated 
learning could be used to train a pre- dictive 
model for patient monitoring without 
transferring individual patient data to a 
centralized server. The model can still be 
collaboratively trained by aggregating the 
updates from multiple devices or institutions, 

ensuring privacy while maintaining model 
performance.

3.5.2 Enhanced Security through Federated 
Learning

In addition to privacy preservation, federated 
learning introduces several security bene- 
fits. Since data remains decentralized and 
never travels through networks to centralized 
servers, it reduces the risks associated with 
data interception and eavesdropping during 
transmission. Federated learning also 
mitigates the risks of large-scale attacks 
on central data storage systems, which are 
often the primary targets for cybercriminals 
due to the concentration of sensitive data.

Furthermore, federated learning employs 
techniques like secure aggregation, differen- 
tial privacy, and homomorphic encryption 
to ensure that the updates shared with the 
central server are secure. These methods 
ensure that even the shared model updates 
do not reveal any sensitive information 
about the data used for local training.

•	 Secure aggregation: This technique 
aggregates the model updates from 
multiple devices in such a way that 
individual contributions are kept secret, 
ensuring that no single device’s data 
can be reverse-engineered from the 
aggregated model.

•	 Differential privacy: Differential privacy 
adds noise to the model updates before 
they are shared, ensuring that the 
updates do not reveal any information 
about individual data points.

•	 Homomorphic encryption: 
Homomorphic encryption lets 
healthcare providers process data 
without needing to see the original 
patient information, so even if an 
attacker gains access to the model 
updates, they will not be able to 
interpret the raw data.
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3.5.3 Reducing Latency and Improving 
Scalability

Federated learning also reduces the need 
for constant data transmission between 
IoMT devices and cloud servers, which 
can reduce network latency and improve 
system scalabil- ity. In traditional cloud-
based models, IoMT devices must frequently 
send large amounts of data to a centralized 
server for analysis, increasing the network 
load and delaying responses.

With federated learning, data processing 
occurs locally, reducing the frequency 
and volume of data that needs to be 
transmitted. Only the model updates (which 
are much smaller in size compared to the 
raw data) are sent to the central server 
for aggregation. This reduces the overall 
bandwidth requirements and allows for more 
scalable IoMT im- plementations, especially 
in environments where large numbers of 
devices are generating data simultaneously.

For example, in a healthcare system with 
hundreds of connected devices monitoring 
patient vitals, federated learning ensures 
that each device processes its own data 
locally, transmitting only the necessary 
updates to improve the global model. This 
reduces congestion on the network and 
ensures faster decision-making, which is 
critical for real- time patient monitoring.

3.5.4 Collaborative Learning Across 
Healthcare Institutions

Federated learning enables collaborative 
learning across multiple healthcare 
institutions without compromising patient 
data privacy. This capability is particularly 
valuable for developing robust predictive 
models that benefit from diverse datasets 
across different hospitals or healthcare 
networks. Each institution can train the 
model on its local data, and the model 
updates can be shared and aggregated to 
improve the overall model per- formance 
without ever sharing patient data.

For instance, hospitals in different regions 
could collaborate to develop a federated 

model for predicting heart disease or cancer 
outcomes. Since the patient data remains 
within each institution, they do not need to 
worry about the legal and regulatory compli- 
cations of data sharing. The federated model 
can leverage the diverse data from multiple 
sources, improving its generalizability and 
performance across a wider population.

3.5.5 Addressing Challenges in Federated 
Learning for IoMT

While federated learning offers several 
advantages for IoMT security and privacy, 
it also comes with challenges that need 
to be addressed. For instance, federated 
learning can be vulnerable to adversarial 
attacks where malicious actors manipulate 
the model updates to poison the global 
model. To counter these risks, techniques 
such as robust aggregation methods, 
outlier detection, and anomaly detection 
algorithms can be integrated into federated 
learning frameworks to identify and mitigate 
poisoned updates.

Another challenge is the heterogeneity 
of IoMT devices and data. Since different 
de- vices may have varying computational 
capabilities and different types of data, 
federated learning must be designed to 
handle non-uniform data distributions and 
device capabili- ties. Techniques like model 
personalization and adaptive learning 
rates can be employed to ensure that the 
federated learning process works efficiently 
across heterogeneous de- vices.
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Guidelines for Industries

As the Internet of Medical Things 
(IoMT) continues to evolve, 
healthcare industries must adhere 

to a set of guidelines and best practices 
to ensure the security, privacy, and effec- 
tiveness of these devices. Regulatory 
frameworks, industry standards, and 
certification processes play a critical role 
in shaping the secure deployment and 
management of IoMT devices. Healthcare 
organizations must comply with local, 
regional, and international standards to 
mitigate risks, protect patient data, and 
ensure the safe use of connected medical 
devices.

4.1 Standards and Policies in Indian 
Healthcare IoT

The Indian healthcare sector has been 
undergoing significant transformations 
with the adoption of IoMT and other 
digital health technologies. To address the 
security and privacy concerns associated 
with IoMT devices, the Indian government 
and regulatory bodies have implemented 
various standards and policies to ensure 
the safe and ethical use of these devices 
in healthcare environments. These 

policies focus on data protection, device 
certification, and regulatory compliance in 
line with global standards.

4.1.1 The National Digital Health Mission 
(NDHM)

One of the most important initiatives 
related to IoMT in India is the National 
Digital Health Mission (NDHM), launched 
under the Ayushman Bharat Digital Mission. 
NDHM aims to build a comprehensive digital 
health ecosystem that integrates health 
records, medical devices, and healthcare 
providers into a unified network. The 
mission focuses on creating a standardized 
digital infrastructure that promotes the 
secure exchange of health data, ensuring 
interoperability and privacy.

The NDHM provides guidelines for IoMT 
device manufacturers and healthcare 
providers, outlining standards for data 
encryption, secure communication 
protocols, and user au- thentication. By 
implementing these guidelines, healthcare 
providers in India can ensure the secure 
integration of IoMT devices with electronic 
health records (EHRs) and other digital 
health systems, while complying with data 

4
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privacy regulations such as the Personal 
Data Protection Bill (PDP).

4.1.2 Digital Personal Data Protection 
(DPDP) Act

The Digital Personal Data Protection (DPDP) 
Act is a cornerstone in India’s efforts to 
regulate the protection of personal data, 
including sensitive health information 
generated by IoMT devices. The DPDP Act 
outlines the obligations of organizations 
that collect, process, and store personal 
data, with a specific focus on obtaining 
user consent and implementing stringent 
security measures.

 For healthcare providers and IoMT device 
manufacturers, the DPDP Act mandates the 
following:

•	 Consent management: Organizations 
must obtain explicit consent from 
patients before collecting or processing 
health data from IoMT devices. Patients 
must also have the right to withdraw 
their consent at any time.

•	 Data minimization: Only the necessary 
data should be collected and processed, 
ensuring that healthcare organizations 
do not store excessive patient data, 
which could increase the risk of data 
breaches.

•	 Data protection measures: IoMT devices 
must implement data encryption, 
anonymization, and secure storage 
practices to safeguard patient health 
information from unauthorized access.

Compliance with the DPDP Act is essential 
for organizations in the Indian healthcare 
sector, ensuring that they adhere to 
global standards for data protection while 
safeguard- ing patient privacy.

4.1.3 Bureau of Indian Standards (BIS) for 
Medical Devices

The Bureau of Indian Standards (BIS) is 
responsible for setting quality and safety 

stan- dards for medical devices, including 
IoMT devices, in India. The BIS certification 
process ensures that medical devices 
meet the required safety, reliability, and 
performance criteria before they are 
deployed in healthcare settings.

For IoMT devices, BIS standards focus on 
the following aspects:

•	 Device  safety:  Ensuring that IoMT 
devices operate safely and do not 
pose a risk to patients or healthcare 
providers.

•	 Interoperability: Establishing standards 
for device communication and data 
ex- change, ensuring that IoMT devices 
can seamlessly integrate with existing 
health- care infrastructure and other 
medical systems.

•	 Security standards: Requiring device 
manufacturers to implement robust 
secu- rity measures, such as firmware 
updates, secure boot processes, and 
strong authen- tication protocols, 
to protect IoMT devices from cyber 
threats.

BIS certification is mandatory for all medical 
devices sold in India, including IoMT de- vices. 
This ensures that devices used in hospitals 
and clinics meet safety and performance 
benchmarks and adhere to cybersecurity 
standards.

4.1.4 Telemedicine Guidelines and IoMT

The Indian government has also released 
Telemedicine Practice Guidelines that 
provide regulatory frameworks for 
telehealth services, including the use of IoMT 
devices for re- mote patient monitoring. The 
guidelines set forth standards for ensuring 
that medical devices used in telemedicine 
adhere to safety and security protocols, 
allowing healthcare professionals to provide 
care remotely without compromising 
patient safety.

IoMT devices used in telemedicine must 
meet specific requirements:
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•	 Data encryption: Telemedicine services 
that rely on IoMT devices must ensure 
that all patient data transmitted over 
the internet is encrypted to prevent 
unau- thorized access.

•	 Device certification: Telemedicine 
platforms must only use certified 
medical de- vices that comply with 
national and international standards, 
such as BIS and ISO certifications.

•	 Patient consent: Healthcare providers 
must obtain informed consent from 
pa- tients before using IoMT devices 
to monitor or collect their health data 
remotely.

These telemedicine guidelines ensure 
that the growing use of IoMT devices in 
remote healthcare settings adheres to 
best practices in security, data privacy, and 
patient consent.

4.1.5 Compliance with Global Standards

Indian IoMT manufacturers and healthcare 
providers must also align with global stan- 
dards such as the International Organization 
for Standardization (ISO) and the Health 
Level Seven (HL7) standards to ensure that 
their devices are interoperable and secure. 
ISO standards, particularly ISO 13485, focus 
on the quality management systems for 
medical device manufacturers, ensuring 
that devices are designed and produced 
accord- ing to the highest quality and safety 
standards.

In addition, HL7 standards facilitate the 
exchange of healthcare information 
between IoMT devices and electronic health 
record systems, ensuring interoperability 
across dif- ferent platforms and devices.

By adhering to both local and global 
standards, Indian healthcare providers 
can ensure that IoMT devices used in their 
systems meet the highest levels of security, 
safety, and interoperability, ultimately 
improving patient outcomes and protecting 
sensitive health data.

4.2 Global Alignment with HIPAA and 
GDPR

As the use of Internet of Medical Things 
(IoMT) devices continues to grow, healthcare 
organizations worldwide must comply with 
stringent data protection regulations to en- 
sure the security and privacy of patient health 
information. Two of the most influential 
regulations in this regard are the Health 
Insurance Portability and Accountability 
Act (HIPAA) in the United States and the 
General Data Protection Regulation (GDPR) 
in the European Union. These regulations 
set the benchmark for data pro- tection and 
privacy standards globally and serve as key 
frameworks for aligning Indian healthcare 
systems and IoMT devices with international 
security practices.

4.2.1 Health Insurance Portability and 
Accountability Act (HIPAA)

HIPAA is a landmark U.S. law that governs 
the security and privacy of protected health 
information (PHI). It sets national standards 
for healthcare providers, insurers, and 
clear- inghouses to protect patient data 
from unauthorized access, breaches, and 
misuse. HIPAA compliance is critical for 
any healthcare organization that handles 
PHI, including those deploying IoMT devices 
in clinical and remote patient monitoring 
settings.

For IoMT devices, HIPAA imposes the 
following security requirements:

•	 Data encryption:  IoMT devices must 
encrypt PHI during transmission and 
stor- age to protect sensitive health 
data from unauthorized access or 
interception.

•	 Access controls: Healthcare 
organizations must implement strong 
access control mechanisms to ensure 
that only authorized personnel can 
access PHI generated by IoMT devices. 
This includes the use of multi-factor 
authentication (MFA) and role-based 
access controls.
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•	 Audit trails:  HIPAA requires that 
healthcare organizations maintain 
detailed logs of all access to PHI, 
including data generated by IoMT 
devices. These audit trails help detect 
unauthorized access and ensure 
accountability.

•	 Data integrity: IoMT devices must 
include mechanisms to ensure the 
integrity of the data they collect, 
preventing unauthorized alterations 
or tampering with patient health 
information.

Organizations that fail to comply with HIPAA 
may face significant financial penalties and 
reputational damage. As Indian healthcare 
providers and IoMT manufacturers seek to 
collaborate with global partners, aligning 
with HIPAA standards ensures that their 
devices and systems meet international 
expectations for data security and privacy.

4.2.2 General Data Protection Regulation 
(GDPR)

GDPR is the European Union’s data protection 
regulation, designed to safeguard the 
privacy and security of personal data. GDPR 
applies to any organization that processes 
the personal data of EU citizens, regardless 
of where the organization is based. Given 
the global nature of healthcare, IoMT 
manufacturers and healthcare providers in 
India must ensure that their devices and 
systems are GDPR-compliant if they handle 
data from EU patients or collaborate with 
European healthcare institutions.

Key GDPR requirements relevant to IoMT 
include:

•	 Consent management: Organizations 
must obtain explicit consent from 
individ- uals before collecting or 
processing their personal health data. 
IoMT devices must be designed to 
incorporate consent mechanisms, 
allowing users to control how their data 
is collected and used.

•	 Data minimization:  IoMT devices 
should only collect the minimum 
amount of data necessary for their 
intended purpose. This principle of data 
minimization en- sures that unnecessary 
or excessive personal health data is not 
stored or processed.

•	 Right to access and deletion: GDPR 
grants individuals the right to access 
their personal data and request its 
deletion. IoMT systems must be 
designed to allow users to exercise 
these rights easily.

•	 Data breach notification: In the event of 
a data breach involving personal health 
data, organizations are required to 
notify both regulatory authorities and 
affected individuals within 72 hours of 
becoming aware of the breach.

•	 Data   protection   by   design   and   
default:   IoMT  devices  and  systems  
must be designed with data protection 
in mind from the outset, incorporating 
privacy- enhancing technologies like 
encryption, anonymization, and access 
controls by de- fault.

By aligning with GDPR, Indian IoMT 
manufacturers and healthcare providers can 
demonstrate their commitment to global 
privacy standards, enhancing trust and 
credi- bility when dealing with international 
partners or handling cross-border data 
flows.

4.2.3 Bridging HIPAA and GDPR with 
Indian Regulations

To ensure global alignment, Indian healthcare 
providers and IoMT manufacturers must 
bridge the gap between local regulations, 
such as the Digital Personal Data Protection 
(DPDP) Act, and global standards like 
HIPAA and GDPR. This alignment is critical 
for ensuring the smooth operation of cross-
border healthcare collaborations and the 
global deployment of Indian-made IoMT 
devices.
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Indian regulations,  HIPAA, and GDPR share 
many common goals,  such as protect- ing 
patient data, ensuring user consent, and 
maintaining data security.   By adopting 
best practices from both HIPAA and GDPR, 
Indian healthcare organizations can en- 
sure compliance with international data 
protection laws while securing patient data 
both domestically and internationally.

In conclusion, adhering to HIPAA and GDPR 
standards helps Indian healthcare providers 
and IoMT manufacturers align their practices 
with global norms, fostering greater trust 
and cooperation in international healthcare 
markets.

4.3 Security Certification of IoMT 
Devices

Security certification is a critical step in 
ensuring that Internet of Medical Things 
(IoMT) devices meet the highest standards 
of safety, reliability, and security. As 
healthcare organizations increasingly rely on 
IoMT devices to monitor patients, manage 
chronic conditions, and provide real-time 
care, ensuring that these devices are secure 
against cyber threats is paramount. Security 
certifications provide an assurance that 
IoMT devices have undergone rigorous 
testing and comply with global security 
standards, minimizing the risks associated 

with device vulnerabilities, data breaches, 
and unauthorized access.

The certification process for IoMT devices 
involves a comprehensive evaluation of 
their hardware, software, communication 
protocols, and overall security measures. 
Cer- tified devices are considered safer 
and more trustworthy for use in sensitive 
healthcare environments. Several key 
certification frameworks govern the security 
of IoMT devices, both globally and within 
India.

4.3.1 ISO/IEC 27001 and ISO 27799 
Certifications

The ISO/IEC 27001 certification is an 
international standard for information 
security management systems (ISMS). 
It outlines a risk-based approach to 
securing sensitive in- formation and is 
widely recognized as one of the most 
important certifications for en- suring data 
protection in various industries,  including 
healthcare.   IoMT devices that are ISO/
IEC 27001-certified comply with strict data 
protection guidelines, ensuring that patient 
data remains confidential and protected 
from cyber threats.

ISO 27799 specifically focuses on healthcare 
organizations, providing guidance on 
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im- plementing information security 
management in healthcare contexts. It is 
designed to help healthcare providers and 
IoMT manufacturers protect personal health 
information

(PHI) through robust security practices. 
Together, ISO/IEC 27001 and ISO 27799 
certi- fications ensure that IoMT devices are 
developed and operated in a manner that 
protects sensitive healthcare data from 
breaches and attacks.

4.3.2 IEC 62304: Medical Device Software 
Life Cycle Processes

The IEC 62304 standard provides a 
framework for the software development 
life cycle of medical devices, including 
IoMT devices. This certification focuses 
on ensuring the safety and security of the 
software used in medical devices, covering 
aspects such as software risk management, 
software maintenance, and incident 
reporting.

Since IoMT devices rely heavily on software 
to function and transmit sensitive health 
data, adhering to the IEC 62304 standard 
is critical to ensuring that device software 
is secure and free from vulnerabilities. This 
certification also requires manufacturers to 
regularly update and maintain the software, 
ensuring that devices continue to operate 
safely throughout their lifecycle.

4.3.3 FDA’s Cybersecurity Guidelines for 
Medical Devices

In the United States, the Food and Drug 
Administration (FDA) has established 
cyber- security guidelines for medical 
devices, including IoMT devices. These 
guidelines aim to ensure that devices are 
designed with security in mind and include 
measures to pro- tect patient safety and 
data privacy. The FDA requires IoMT device 
manufacturers to demonstrate that their 
devices are secure against cyber threats by 
incorporating robust security controls into 
the design and development processes.

The FDA’s guidelines focus on the following 
key areas:

•	 Pre-market  submissions:  IoMT device 
manufacturers must provide cybersecu- 
rity documentation as part of their 
regulatory submissions. This includes 
informa- tion on risk assessments, 
threat mitigation strategies, and 
software updates.

•	 Post-market surveillance: Manufacturers 
are required to monitor the security 
of their devices after they have been 
deployed and must be able to address 
vulner- abilities through software 
updates and patches. This ensures that 
IoMT devices remain secure throughout 
their lifecycle.

•	 Incident reporting: The FDA requires 
manufacturers to report cybersecurity 
incidents, such as data breaches or 
malware infections, to ensure that 
vulnerabilities are identified and 
addressed quickly.

4.3.4 CE Marking for Medical Devices in 
the European Union

In the European Union, IoMT devices must 
obtain CE marking, which indicates that a 
device complies with relevant safety, health, 
and environmental protection requirements. 
For IoMT devices, the CE marking ensures 
that the device meets the essential require- 
ments set out in the Medical Devices 
Regulation (MDR) and other relevant 
directives.

To achieve CE marking, IoMT device 
manufacturers must demonstrate that 
their de- vices are safe, reliable, and secure. 
This includes conducting risk assessments, 
implement- ing cybersecurity measures, and 
ensuring that the device meets the required 
standards for medical device performance. 
CE marking is mandatory for any IoMT 
device sold in the

European market and serves as a key 
certification for ensuring the security of 
connected medical devices.
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4.3.5 Certification by the Bureau of Indian 
Standards (BIS)

In India, the Bureau of Indian Standards 
(BIS) is responsible for certifying the safety 
and quality of medical devices, including 
IoMT devices. BIS certification ensures that 
devices comply with national standards 
for safety, security, and performance. The 
certification process involves evaluating 
both the hardware and software 
components of the device, ensuring that it 
operates securely and does not pose a risk 
to patients or healthcare systems.

For IoMT devices, BIS certification focuses 
on:

•	 Device interoperability: Ensuring that 
the  device  can  communicate  securely 
with other systems and devices in the 
healthcare ecosystem.

•	 Cybersecurity measures: Evaluating 
the device’s security features, including 
encryption, secure boot processes, and 
authentication protocols.

•	 Compliance with Indian regulations: 
Ensuring that  the  device  complies  
with local laws and standards for 
medical device security and data 
protection.

4.3.6 UL 2900 Series: Software 
Cybersecurity for Network-Connectable 
De- vices

The UL 2900 series of standards focus 
on cybersecurity for network-connected 

devices, including IoMT devices. These 
standards, developed by Underwriters 
Laboratories (UL), provide a comprehensive 
framework for assessing the cybersecurity 
of devices that connect to networks and 
handle sensitive data. UL 2900 certification 
ensures that IoMT devices are designed 
with security in mind and are resilient to 
cyberattacks.

The key aspects of UL 2900 certification 
include:

•	 Software testing:  Ensuring that IoMT 
devices are free from vulnerabilities and 
that their software is secure against 
potential cyber threats.

•	 Risk assessments: Evaluating the 
risks associated with the device’s 
connectivity and data transmission 
processes.

•	 Continuous monitoring: Ensuring that 
manufacturers monitor their devices for 
emerging cybersecurity threats and can 
address vulnerabilities through updates 
and patches.

UL 2900 certification is particularly 
important for IoMT devices, as they often 
connect to hospital networks and transmit 
sensitive health information. By achieving 
UL 2900 certification, IoMT manufacturers 
can demonstrate that their devices meet 
the highest standards for cybersecurity.
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Conclusion
5.1 The Importance of IoMT Security 
in India

The Internet of Medical Things (IoMT) is 
transforming healthcare in India, offering 
enormous potential to improve patient 
care, especially in rural areas where access 
to healthcare has traditionally been limited. 
However, with the rapid adoption of IoMT 
comes significant risks. The interconnected 
nature of these devices makes them vulner- 
able to cyberattacks, which could have 
devastating consequences for both patients 
and healthcare providers. Securing IoMT 
devices is essential not only for protecting 
sensitive health data but also for ensuring 
the reliability and safety of life-saving 
medical devices. Inadequate security 
could lead to life-threatening disruptions 
in medical care, as seen in incidents like 
the WannaCry ransomware attack and the 
Mumbai Hospital ransomware attack.

As India’s healthcare infrastructure evolves 
through initiatives like the National Digi- tal 
Health Mission (NDHM), the importance of 
IoMT security becomes even more critical. 
Smart hospitals, telemedicine, and remote 
health monitoring depend on secure 

IoMT sys- tems to function effectively. By 
adopting international security standards, 
such as ISO 13485, HIPAA, and GDPR, 
and complying with national regulations 
like the Digital Personal Data Protection 
(DPDP) Act, Indian healthcare providers 
and IoMT manufac- turers can ensure that 
their systems are not only efficient but also 
secure and compliant with both local and 
global standards.

5.2 Opportunities for Industry, 
Academia, and Business

The rise of IoMT in India presents significant 
opportunities for collaboration between 
industry, academia, and business. With the 
right strategies, India can position itself as 
a leader in the global IoMT market. Here are 
some key areas where different sectors can 
contribute:

•	 Industry: Indian IoMT manufacturers, 
such as Wipro and GE Healthcare, are 
well-positioned to produce cutting-
edge, secure medical devices that meet 
both local and international standards. 
Collaborating with cybersecurity firms 

5
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to enhance the security features 
of their devices will strengthen 
their market position and ensure 
compliance with evolving regulations. 
By building partnerships with global 
health tech companies, Indian firms 
can expand their reach and market 
share.

•	 Academia: Research institutions 
and universities play a critical role 
in developing new cybersecurity 
technologies, such as AI-driven 
threat detection and federated 
learning.  Moreover, academic 
institutions can collaborate with 
industry to test and refine IoMT 
security solutions in real-world 
healthcare settings. Additionally, 
specialized programs can be 
developed to train the next 
generation of cybersecurity 
professionals who will be responsible 
for protecting IoMT systems.

•	 Startups: India’s vibrant startup 
ecosystem is a fertile ground 
for innovation in IoMT security. 
Companies like Tricog Health and 
SigTuple are already leading the way 
by integrating AI-based solutions 
into their healthcare platforms. With 
in- creasing demand for secure 
telemedicine and remote monitoring 
solutions, startups can capitalize 
on the growing need for privacy-
preserving technologies and anomaly 
detection systems that enhance the 
security of IoMT devices. Startups 
focusing on niche markets, such as 
home healthcare and personalized 
medicine, have significant growth 
potential in this space.

5.3 Relevance for Business

Securing IoMT devices is not just a regulatory 
requirement or a matter of patient safety; it 
represents a significant business opportunity. 
As healthcare providers continue to em- 
brace digital transformation, trust and 
security will become key differentiators for 
IoMT manufacturers. Companies that invest 
in cybersecurity will be able to build stronger 
re- lationships with healthcare providers, 
leading to increased adoption of their devices 
and services.

Moreover, the rise of telehealth, remote 
monitoring, and cloud-based healthcare 
plat- forms creates new markets for secure 
IoMT solutions. Medical device manufacturers 
who prioritize security in their product 
development will see higher demand from 
hospitals and healthcare systems that require 
robust, compliant devices for their operations. 
As the Indian government continues to push 
forward initiatives like Make in India, there 
will be additional opportunities for Indian 
businesses to develop and export secure IoMT 
devices to global markets, further cementing 
India’s role in the global IoMT landscape.

Investing in IoMT security not only drives 
business growth in sectors like telemedicine 
and cybersecurity for healthcare but also 
enhances patient trust and improves 
healthcare outcomes. Ensuring that IoMT 
devices are resistant to cyberattacks will 
be key to the long-term success of digital 
healthcare initiatives in India and beyond. 
By prioritiz- ing security, the healthcare 
industry can build a sustainable ecosystem 
where patients, providers, and businesses 
benefit from secure, reliable, and innovative 
healthcare solu- tions.



 Federated Learning in Healthcare Security Domain  |  35

6	 References
•	 Wipro. ”Cybersecurity Strategies to Secure IoMT Healthcare Networks.” https://

www.wipro.com/cybersecurity/cybersecurity-strategies-to-sec ure-iomt-healthcare-
networks/

•	 Asimily. ”Vulnerability Prioritization for IoMT Security.” https://asimily.com/ blog/
vulnerability-prioritization-for-iomt-security/

•	 Mindfire  Solutions.  ”Vulnerabilities  of  IoMT.”  https://www.mindfiresolution s.com/
blog/2022/09/vulnerabilities-of-iomt/

•	 Forescout.  ”2024  Riskiest  Connected  Devices.”  https://www.forescout.com/re 
sources/2024-riskiest-connected-devices/

•	 BankInfoSecurity.  ”Mumbai Hospital Hit by Ransomware Attack.”  https://www. 
bankinfosecurity.asia.

•	 Dash, Sujata Pani, Subhendu Kumar and Santos, Wellington Pinheiro dos. Edito- rial: 
Internet of Medical Things and computational intelligence in healthcare 4.0 https://
www.frontiersin.org/journals/big-data/articles/10.3389/fdata.2024.1368581

•	 HIPAA Journal. (n.d.). Riskiest connected medical devices revealed. Retrieved from  
https://www.hipaajournal.com/riskiest-connected-medical-devices-revealed/

•	 Asimily. (n.d.). IoT device security and vulnerability management. Retrieved from 
https:https://asimily.com/blog/iot-device-security-vulnerability-man agement/

•	 National Digital Health Mission (NDHM) - Government of India. (2020) https://abdm.gov.
in/

•	 PRS Legislative Research.https://prsindia.org/billtrack/digital-personal-data-protection-
bil l-2023

•	 Telemedicine Practice Guidelines.  https://www.mohfw.gov.in/

•	 National Institute of Standards and Technology (NIST). “Best Practices for Secur- ing 
IoMT Devices.” Special Publication, 2020 https://csrc.nist.gov/pubs/sp/ 800/53/r5/upd1/
final

•	 World Health Organization (WHO). “Emerging Cyber Threats in Healthcare.” 2020. 
https://www.who.int/publications/i/item/emerging-cyber-threats-in-h ealthcare

•	 U.S. Food and Drug Administration (FDA). “Cybersecurity for Medical Devices: A 
Regulatory Perspective.” https://www.fda.gov/media/119933/download

•	 Evalueserve. ”From IoT to IoMT in Post-Covid Times: The Future of Healthcare” https://
www.evalueserve.com/blog/from-iot-to-iomt-in-post-covid-tim es-the-future-of-
healthcare/

•	 Healthcare Information and Management Systems Society (HIMSS). “Cybersecu- rity 
in Healthcare: The Importance of a Comprehensive Strategy.” https://www.himss.org/
resources/cybersecurity-healthcare-importanc e-comprehensive-strategy



36  |  Federated Learning in Healthcare Security Domain

The National Centre of Excellence (NCoE) for Cybersecurity Technology 
Development is a joint initiative between the Ministry of Electronics & 
Information Technology (MeitY), Government of India, and the Data Security 
Council of India (DSCI). Its primary objective is to catalyze and accelerate 
cybersecurity technology development and entrepreneurship within the 
country. NCoE plays a crucial role in scaling up and advancing the cybersecurity 
ecosystem, focusing on various critical and emerging security areas. Equipped 
with stateof-the-art facilities, including advanced lab infrastructure and 
test beds, NCoE facilitates research, technology development, and solution 
validation for adoption across government and industrial sectors. Adopting a 
concerted strategy, NCoE endeavors to translate innovations and research into 
market-ready deployable solutions, thereby contributing to the evolution of 
an integrated technology stack comprising cutting-edge, homegrown security 
products and solutions.

DATA SECURITY COUNCIL OF INDIA

Data Security Council of India (DSCI) is a premier industry body on data 
protection in India, setup by nasscom, committed to making the cyberspace 
safe, secure and trusted by establishing best practices, standards and 
initiatives in cybersecurity and privacy. DSCI brings together governments 
and their agencies, industry sectors including ITBPM, BFSI, telecom, industry 
associations, data protection authorities and think-tanks for policy advocacy, 
thought leadership, capacity building and outreach initiatives. For more info, 
please visit www.dsci.in

+91-120-4990253 | ncoe@dsci.in

https://www.n-coe.in/

4 Floor, NASSCOM Campus, Plot No. 
7-10, Sector 126, Noida, UP -201303

All Rights Reserved @DSCI 2024

@CoeNational nationalcoe

nationalcoe NationalCoE

Follow us on


