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Abstract

The healthcare system in Bihar faces numerous challenges, including inadequate medical infrastructure, a
shortage of healthcare professionals, and limited access to healthcare facilities, especially in rural areas. The
advent of the Internet of Things (IoT) presents a transformative opportunity to address these challenges by
enabling real-time health monitoring, remote consultations, and efficient resource allocation. 10T in
healthcare involves the integration of smart devices, wearable sensors, cloud computing, and artificial
intelligence (Al) to enhance patient monitoring and healthcare delivery. loT-enabled devices can collect real-
time health data, transmit it to medical professionals, and facilitate timely interventions. Al-driven analytics
can predict and detect diseases at an early stage, enabling timely medical interventions. loT-based Smart
Health Monitoring Systems have the potential to revolutionize healthcare in Bihar by improving accessibility,
efficiency, and quality of care. | am going to discuss the key challenges, including technological infrastructure,
data security and privacy, and integration with existing healthcare frameworks. This paper explores how loT-
based Smart Health Monitoring Systems (SHMS) can revolutionize healthcare in Bihar, examines the
associated challenges, and identifies potential opportunities. This paper also provides strategic
recommendations for policymakers to ensure successful deployment and adoption of loT-driven healthcare
solutions.

Keywords: Internet of Things (IoT), Al-analytics, Smart Health Monitoring, Healthcare Infrastructure,
Remote Patient Monitoring, Data Security and Privacy.

1. Introduction

Bihar, one of India’s oldest and most historically
significant regions, has long been a cradle of
intellectual and spiritual advancement. This deep-
rooted tradition of inquiry and learning forms a strong
cultural foundation as the state embraces modern
innovations, particularly in the realm of public health.
Bihar, a land where fertile fields paint a canvas of
prosperity, is heading towards digitalization, and the
future holds a promising landscape for public health
monitoring systems with the help of loT based
wearable devices. With a large and diverse
population, the state faces unique challenges in
healthcare access, disease surveillance, and resource
allocation. The integration of health monitoring
technologies, including digital health records,
telemedicine platforms, and real-time data analytics,
signals a forward-looking approach that resonates
with Bihar’s legacy of wisdom and resilience. Under

the National Health Mission (NHM), the state has
implemented key initiatives such as the Health
Management Information System (HMIS) and the
Reproductive and Child Health (RCH) portal to
streamline data collection and improve decision-
making. The Integrated Disease Surveillance
Programme (IDSP) operates actively within the state,
aiding in the early detection and response to disease
outbreaks through real-time data analytics and
reporting. Additionally, platforms like e-Sanjeevani,
a telemedicine service launched under the Ayushman
Bharat Digital Mission, have expanded access to
medical consultations, especially in rural and
underserved areas. The state government has also
piloted biometric-based attendance systems for
healthcare workers and is leveraging digital
dashboards to monitor facility performance and
maternal-child health indicators. [1-3]
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1.1. Internet of Things (loT) based Health
Monitoring System

The Internet of Things (loT) is revolutionizing the
healthcare sector by enabling real-time monitoring,
analysis, and response to patient health conditions. In
an loT-based health monitoring system, various
smart devices and sensors collect physiological data
such as heart rate, temperature, blood pressure,
oxygen saturation (SpO2), and more, and transmit
this data via the internet to healthcare providers or
centralized systems for analysis and intervention. loT
based Health Monitoring Systems offer following
advantages:

e Real-Time Monitoring: These systems are
capable of enabling continuous tracking of
patient vitals and can send immediate alerts in
case of anomalies like heart attacks, low
oxygen levels, or irregular ECG patterns. [4]

e Remote Access and Telemedicine: Doctors
can monitor patients from distant locations,
reducing the need for frequent hospital visits.
Bihar has a vast rural population, with many
areas lacking easy access to primary or
tertiary healthcare centres. 10T devices can
enable continuous remote monitoring of
patients from their homes, reducing the need
for frequent travel to urban centres.

e Early Detection and Prevention: Predictive
analytics can identify patterns indicating
potential health issues before they become
severe. Maternal and child mortality,
tuberculosis, and lifestyle diseases like
diabetes and hypertension are significant
concerns. loT-enabled antenatal monitoring
devices can alert ASHASs or health centres if
a pregnant woman’s vitals show danger signs,
leading to early intervention and safer
deliveries.

e Data-Driven Decision Making: With
initiatives like HMIS, RCH Portal, and IDSP,
Bihar is already collecting a large amount of
health data. 10T can enrich these datasets with
real-time, patient-level information, leading
to smarter public health planning.

e Cost Efficiency: Many families in Bihar
cannot afford frequent hospital visits or

21 https://doi.org/10.47392/IRJAEM.2025.0244

specialized care. 10T devices reduce the need
for  travel, diagnostic  costs, and
hospitalization by  enabling  at-home
monitoring. A low-cost loT-enabled ECG
device used by a health worker in a village
allows early detection of heart issues,
preventing a costly hospital admission later.
1.2. Health Monitoring Systems: Architecture
loT-based health monitoring system typically
consists of several interconnected modules, each
performing a specific role in the end-to-end health
monitoring process [Figure 1.1]. At the core is the
Sensor Unit, which includes biomedical sensors like
heart rate monitors, temperature sensors, ECG
electrodes, SpO2 sensors, and glucose meters. These
sensors continuously collect physiological data from
the patient. The data is then sent to a Microcontroller
or Edge Device (such as Arduino, Raspberry Pi, or
ESP32), which processes the raw data and prepares it
for transmission. The processed data is forwarded via
the Communication Module, which may use
Bluetooth, Wi-Fi, or GSM, depending on the
application and range requirements. This data is
transmitted to a Cloud Server or Health Information
System, where it is stored, analysed, and visualized.
On the cloud platform, Data Analytics Engines or Al
algorithms may be used to detect anomalies or trends.
Finally, a User Interface Layer (such as a mobile app
or web dashboard) allows healthcare providers and
patients to view real-time data, receive alerts, and
interact with the system. (Figure 1)
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Figure 1 Block Diagram of 10T Based Health
Monitoring System
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In some designs, an Alert Mechanism is triggered
automatically if any vital signs deviate from safe
thresholds, enabling immediate medical attention. [5]
2. Healthcare System in Bihar: An Analysis

The healthcare ecosystem in Bihar is marked by a
blend of persistent challenges and emerging
opportunities. Despite improvements in health
indicators, the state continues to face critical gaps in
infrastructure, workforce, and service delivery.
Public health facilities such as PHCs and CHCs are
often overcrowded and understaffed, while private
care remains unaffordable for many. Bihar’s public
health infrastructure follows the standard system in
India:

e Sub-Centres (SCs) — Frontline rural facilities;
Bihar has over 10,000 sub-centres, often
staffed by Auxiliary Nurse Midwives
(ANMs).

e Primary Health Centres (PHCs) — The first
contact point between village communities
and a medical officer; many of Bihar’s PHCs
are overburdened, with a high patient-to-
doctor ratio. [6]

e Community Health Centres (CHCs) — Serve
as referral centres for PHCs; Bihar has
significantly fewer CHCs than required, and
specialist doctor availability remains low.

District Hospitals and Tertiary Care — Urban centres
like Patna house better-equipped facilities (e.g.,
AIIMS Patna, IGIMS), but access remains uneven.

In many rural areas, facilities suffer from staff
shortages, equipment deficits, poor maintenance, and
intermittent electricity and internet connectivity,
which directly affects the delivery of both
conventional and digital healthcare services. The
CAG report highlighted critical gaps in Bihar's
healthcare system, including severe resource
shortages, underutilized budgets, and systemic
inefficiencies, underscoring the urgent need for
structural reforms. The report reveals that Bihar faces
a shortage of 66,775 doctors, which is 53% less than
the WHO-recommended numbers. Additionally,
there are substantial vacancies in nursing and
paramedical positions across the state. Between
2016-17 and 2021-22, Bihar utilized only 69% of its
allocated health budget, leading to significant

unspent funds that could have addressed critical
healthcare needs. Infant Mortality Rate has been
reduced from 42 to 29 per 1000 live birth in 2019
[Figure 2.1]. However, still it is very high in
comparison of other states. Something good about
Bihar is It ranks among the top states utilizing the
eSanjeevani platform, facilitating remote
consultations and reducing the need for physical
hospital visits, especially in rural areas. loT-based
health monitoring systems allow frontline workers
like ASHAs and ANM s to detect health issues early,
reducing hospital overload and improving timely
interventions. Despite the gaps, Bihar’s healthcare
system is poised for transformation. With increasing
mobile penetration, government push toward digital
public goods, and growing awareness of
telemedicine, loT-based smart health systems can
enable a leapfrog movement in healthcare delivery.
By reducing dependence on brick-and-mortar
systems and enabling decentralized, community-
based care can strengthen the existing healthcare
systems. Bihar has a growing ecosystem of NGOs,
startups, and CSR-led initiatives working in health
tech and rural healthcare delivery. Organizations
such as CARE India, World Health Partners, Karuna
Trust, and SEWA have piloted community-based
digital health initiatives. There is an urgent need for
public-private partnerships (PPPs) focused on
deploying affordable, low-power IoT health devices
(e.g., smart ECG, glucose monitors, maternal health
kits) that can work in low-connectivity rural
environments. (Figure 2) [7]
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Figure 2 IMR in Bihar Source Sample
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Challenges in Adopting IoT in Bihar’s Healthcare
The Internet of Things (IoT) is revolutionizing
healthcare delivery by enabling real-time monitoring,
remote diagnostics, and data-driven decision-
making. In India, where access to quality healthcare
remains uneven, l1oT has the potential to bridge gaps,
particularly in rural and semi-urban areas. Bihar, one
of the most populous and economically challenged
states in India, stands to benefit significantly from
such innovations. However, following challenges

must be addressed to ensure successful
implementation: [8]

e Infrastructure Limitations: Many rural

regions in Bihar lack reliable internet

connectivity and digital infrastructure, which
are essential for 10T functionality . loT
deployment requires a strong foundation of
digital infrastructure including stable internet
connectivity, power supply, and compatible
medical devices.

e (Financial Constraints: High  costs
associated with 10T devices and their
maintenance make them less accessible to
low-income populations in Bihar. Limited
funding for public healthcare further restricts
the adoption of advanced technologies. [9]

e Human Resource and Digital Literacy
Gaps: One of the major challenges for l1oT
adoption in Bihar is digital literacy. Effective
loT  implementation requires trained
healthcare professionals who are comfortable
with technology. Healthcare workers often
lack digital literacy, making it difficult to use
loT devices effectively. The NSS (National
Sample Survey) 78th round of the Multi-
indicator Survey assessed nine ICT skills
among individuals which correspond to those
identified by the UNO under SDG-4. For
most of these skills, the Southern states
consistently rank within the top five in the
population possessing them, with Kerala
notably surpassing all other states by a
significant difference. The proportion of
population possessing basic ICT skills in
Bihar like use of copy and paste tools for
duplicating something is very less in

comparison of other states. Only 24.6%
people are aware of this. [10]

e Data Privacy and Security Concerns: loT
devices generate vast amounts of patient data,
raising concerns about data privacy,
especially in the absence of strong regulatory
frameworks. Concerns about the security of
personal information can make patients
hesitant to adopt loT based health monitoring.
Patients may mistrust remote monitoring
systems, preferring traditional face-to-face
consultations. Building trust in online health
monitoring is crucial. The healthcare industry
is the most targeted industry for data
breaches, with over 470 healthcare breaches
reported in 2020 , exposing over 37.5 million
sensitive records. Use of energy efficient
encryption techniques are essential before
transmitting data. [11]

e Policy and Regulatory Challenges:
National and state-level policies governing
health tech are still evolving. There is limited
clarity on compliance standards for loT
devices. There is no local guidelines available
to guide healthcare centres in deploying 10T
solutions. [12]

3. Transformative Prospects: 10T as a Catalyst
for Healthcare in Bihar
The transformative prospects of IoT in Bihar’s
healthcare landscape are immense. With the right
ecosystem, consisting of infrastructure, policies,
training, and community engagement, loT can
become a vital enabler of inclusive, accessible, and
high-quality healthcare across the state. The
expansion of internet connectivity in Bihar can play
a significant role in the growth of 10T based health
monitoring. As more people gain access to the
internet, there is a larger potential of loT based
applications  for patient’s care.  Supportive
government policies and initiatives that promote
digital infrastructure can create a favourable
environment. In Kushal Yuva Program, a Bihar
government initiative, from its start with a modest
number of centres and learners in December 2016,
substantial growth has been achieved. Presently, the
total admissions and approved centres have reached

OPEN aAccsss IRIAEM

1504


about:blank

International Research Journal on Advanced Engineering

and Management
https://goldncloudpublications.com

e ISSN: 2584-2854
Volume: 03

Issue:04 April 2025
Page No: 1501 - 1506

https://doi.org/10.47392/IRJAEM.2025.0244

significant milestones, covering a vast majority of
blocks across all districts in Bihar . As per the central
government report unveiled on October 2, 2023,
Bihar ranks third nationwide for its number of
domestic electricity consumers. While electricity
consumption declined in other states, it saw an
increase in Bihar . These are very positive aspects for
transforming healthcare in Bihar. loT-based health
monitoring is transforming the way healthcare is
delivered by enabling real-time tracking of a patient's
health using smart, connected devices. These systems
collect data from wearable or portable devices like
smartwatches, digital thermometers, glucometers,
blood pressure monitors, and ECG sensors [Figure
4.1]. Once collected, this data is transmitted to the
cloud. In the cloud, the data is securely stored and
analysed using advanced algorithms and artificial
intelligence to detect any abnormalities or health
risks. 10T enables frontline workers like ASHA or
ANMs to carry smart diagnostic kits that sync data
directly with health centres. This reduces manual
record-keeping and improves accuracy. Bihar can
align with the Ayushman Bharat Digital Mission
(ABDM) by creating interoperable Electronic Health
Records (EHR) and enabling health 1D tracking via
loT devices. 10T adoption in healthcare can also spur
local innovation and economic activity. Bihar’s
growing Yyouth population and emerging tech
ecosystem can contribute by developing region-
specific 10T maintenance, and data services. (Figure
3) [13-14]

ata Stora
N ‘o,
e .. o - oy
ey
Wearable Blood P
Devices Sensor w @
" N
Patient Analytics Proc
ey Health
; Report
v
Real time alert
& health Reports
—)
N >
A o <
iagnosis
b =

Doctor

Figure 3 10T Based Health Monitoring System

4. Recommendation and Conclusion
loT-based smart health monitoring could be
successfully implemented in Bihar, with a
comprehensive and  collaborative  approach.
Affordable, durable, and locally manufactured loT
solutions should be encouraged through support for
health tech startups and academic institutions in
Bihar. Integration with national initiatives like the
Ayushman Bharat Digital Mission (ABDM) and
eSanjeevani will enhance interoperability and
ensure continuity of care across platforms. To
safeguard patient privacy, robust data security
policies must be established, including encrypted
data transmission, secure cloud storage, and
compliance with emerging data protection
regulations in India. The integration of loT-based
smart health monitoring systems in Bihar has the
potential to revolutionize healthcare delivery and
bridge longstanding rural-urban gaps. In a state
where geographical, infrastructural, and human
resource constraints have hindered healthcare
access, loT technologies offer scalable, cost-
effective, and impactful solutions. By enabling real-
time patient monitoring, early disease detection,
remote consultations, and data-driven decision-
making, [oT can shift Bihar’s healthcare model from
reactive to proactive care. However, the success of
such a transformation depends on more than just
technology. It requires a robust support system
involving digital infrastructure, skilled manpower,
strong public health policies, and community
engagement. The role of the government, local
startups, healthcare providers, and academic
institutions is crucial in shaping a sustainable and
inclusive I0T ecosystem. Bihar can become a model
for other low-resource regions in India and beyond.
The promise of 10T is not merely in the devices it
connects, but in the lives, it can save, improve, and
empower. It is time to harness this potential to build
a healthier, smarter Bihar. [15]
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