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Abstract

India faces significant challenges in managing rare diseases and providing access to orphan drugs.
This study explores the potential of digital health initiatives to transform rare disease management and
orphan drug development in India. We analyze the current landscape of digital health in India, focusing
on its application to rare diseases. Through a comprehensive review of global best practices and India's
unique healthcare context, we propose a roadmap for integrating digital health solutions into India's
orphan drug ecosystem. Our findings suggest that telemedicine, Artificial Intelligence (Al)-powered
diagnostics, digital patient registries, and mobile health applications can significantly improve rare
disease diagnosis, treatment, and research in India. However, challenges such as digital literacy, data
privacy, and infrastructure limitations need to be addressed. We conclude that a strategic
implementation of digital health initiatives, tailored to India's healthcare landscape, can substantially
enhance rare disease management and accelerate orphan drug development.
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Introduction
Problem to be Solved

India, with its population of over 1.4 billion,
faces unique challenges in managing rare
diseases and providing access to orphan drugs.
Rare diseases, defined as conditions affecting
fewer than 1 in 2000 individuals, collectively
impact an estimated 72 to 96 million people in
India [1, 2, 3]. The challenges in rare disease
management in India are multifaceted and
complex. These include limited awareness
among healthcare professionals and the general
public, delayed diagnosis due to lack of
specialized diagnostic facilities, absence of
comprehensive epidemiological data,
inadequate access to specialized care, and
prohibitively high treatment costs [4].

The vast geographical expanse of India,
coupled with its diverse population and varying
levels of healthcare infrastructure across
different regions, further complicates the

management of rare diseases. Many patients,
especially those in rural and remote areas, face
significant barriers in accessing specialized
care, leading to delayed diagnosis and treatment
initiation [2, 5, 6]. Moreover, the limited
availability of orphan drugs in India, often due
to high import costs and lack of domestic
manufacturing, creates substantial hurdles in
providing effective treatment to patients with
rare diseases [7].

Existing Solutions

Recognizing the urgent need to address these
challenges, India has implemented several
initiatives in recent years. The National Policy
for Rare Diseases (NPRD) 2021 marks a
significant  step  towards creating a
comprehensive framework for rare disease
management in the country [2]. This policy
aims to address various aspects of rare disease
care, including prevention, diagnosis, and
treatment. It also proposes the establishment of
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a national registry for rare diseases and outlines
financial support mechanisms for patients.

The government has also designated eight
Centers of Excellence (CoE) for rare diseases
across the country [2]. These centers are tasked
with providing specialized care, conducting
research, and serving as nodal points for rare
disease management in their respective regions.
Additionally, efforts are underway to promote
local manufacturing of orphan drugs to reduce
costs and improve availability [7].

International collaborations and partnerships
with patient advocacy groups have also played
a crucial role in advancing rare disease
management in India. Organizations such as the
Organization for Rare Diseases India (ORDI)
have been instrumental in raising awareness,
advocating for policy changes, and supporting
patients and families affected by rare diseases

[8].
Best Existing Solution

While these initiatives have laid a foundation
for addressing rare disease challenges in India,
the Ayushman Bharat Digital Mission (ABDM)
presents a promising framework for leveraging
digital health in India's healthcare system [9].
Launched in 2021, the ABDM aims to develop
the backbone necessary to support the
integrated digital health infrastructure of the
country. Although not specific to rare diseases,
this initiative provides a robust foundation for
implementing digital health solutions across
various healthcare domains, including rare
disease management.

The ABDM’s key components, such as
unique health IDs for all citizens, digitized
health records, and a unified health interface,
offer significant potential for improving rare
disease care. These digital tools can facilitate
better data  collection, enhance care
coordination, and improve access to specialized
services, all of which are crucial for effective
rare disease management [9].

Limitations

Despite these advancements, existing
solutions face several limitations in effectively
addressing the complex challenges of rare
disease  management in  India. The
implementation of the National Policy for Rare
Diseases 2021 is still in its early stages, and
significant gaps remain in terms of
infrastructure, funding, and operational
mechanisms [2]. The CoEs, while a step in the
right direction, are limited in number and
geographical spread, leaving large portions of
the population without easy access to
specialized care.

The digital health initiatives, including the
ABDM, while promising, are hampered by
several factors. These include limited digital
infrastructure, especially in rural and remote
areas, significant digital literacy gaps among
both healthcare providers and patients, and
insufficient integration of rare disease-specific
needs into broader health initiatives [10]. Data
privacy and security concerns also pose
challenges in the widespread adoption of digital
health solutions.

Moreover, the current approaches do not
fully address the economic challenges
associated with orphan drugs. The high costs of
these medications continue to be a significant
barrier to access for many patients, and efforts
to promote local manufacturing are still in
nascent stages [7].

Achievements

Despite these limitations, India has made
notable strides in recent years in addressing rare
disease challenges. The launch of the National
Rare Disease Registry by the Indian Council of
Medical Research (ICMR) marks a significant
achievement in data  collection and
epidemiological understanding of rare diseases
in India [11]. This registry aims to create a
comprehensive database of rare disease patients
in the country, which is crucial for research,
policymaking, and healthcare planning.



The increased government focus on rare
diseases, as evidenced by the NPRD 2021 and
the establishment of CoEs, represents a major
step forward in recognizing and addressing the
needs of the rare disease community [2]. These
initiatives have helped raise awareness about
rare diseases among policymakers, healthcare
professionals, and the general public.

Furthermore, India's growing biotechnology
and pharmaceutical sectors have shown
increasing interest in orphan drug development.
Several Indian companies have initiated
research programs focused on rare diseases, and
there have been successful instances of

developing more affordable versions of orphan
drugs [12].

Schematic Diagram/Graphical Abstract

The diagram illustrates how digital health
initiatives (telemedicine, artificial intelligence
(Al) diagnostics, digital registries, mobile apps)
interface with existing healthcare
infrastructure, the ABDM, and various
stakeholders including patients, healthcare
providers, researchers, and policymakers into
India’s rare disease management pathway, from
diagnosis to treatment and research.
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Figure 1. Integration of Digital Health Initiatives in India's Rare Disease Management Pathway

Abbreviations: Al=Artificial Intelligence
Objective

The primary objective of this study is to
develop a comprehensive roadmap for
integrating digital health initiatives into India's
orphan drug ecosystem, addressing the unique
challenges of rare disease management in the
country. Specifically, we aim to:

1. Analyze the current landscape of digital
health in India and its potential applications
in rare disease management.

2. ldentify key digital health technologies and
strategies that can be effectively
implemented to improve rare disease
diagnosis, treatment, and research in India.

3. Evaluate the potential impact of these
digital health initiatives on improving
access to orphan drugs and specialized care
for rare disease patients.

4. Propose a strategic framework for
implementing digital health solutions in
India's rare disease = management,
considering the country's unique healthcare
landscape and challenges.

5. Identify potential barriers to
implementation and suggest strategies to
overcome these challenges.

Novelty of the Work

This study presents the first comprehensive
analysis of how digital health can be
specifically tailored to address rare disease



challenges in India, considering the country's
unique healthcare landscape and recent policy
initiatives. While digital health has been
explored in various healthcare contexts in India,
its application to rare disease management
remains largely unexplored. This work bridges
this gap by:

1. Providing a detailed assessment of how
emerging digital health technologies can be
leveraged to address the specific challenges
in rare disease management in India.

2. Proposing a novel framework that
integrates digital health solutions with
existing rare disease initiatives and the
broader digital health infrastructure being
developed under the ABDM.

3. Offering insights into the potential
synergies between digital health and
orphan drug development in the Indian
context, an area that has received limited
attention in previous research.

4. Developing a roadmap that considers
India's unique socio-economic, cultural,
and healthcare contexts, ensuring that
proposed digital health solutions are both
effective and culturally appropriate.

5. Addressing the ethical and regulatory
considerations specific to implementing
digital health solutions for rare diseases in
India, including data privacy, equity of
access, and ethical use of Al in healthcare.

By focusing on these aspects and grounding
the analysis in India's specific context, this
study aims to provide novel insights and
actionable recommendations for policymakers,
healthcare  providers, and  technology
developers working in the field of rare diseases
in India.

Materials and Methods

Description of the Experiments: This study
employed a mixed-methods approach,
combining systematic literature  review,
gualitative analysis of case studies, and
guantitative analysis of available data on rare
diseases and digital health in India. The

research  was conducted in  several
interconnected phases:

Systematic Literature Review

A comprehensive review of peer-reviewed
literature was conducted using databases
including PubMed, Scopus, and Web of
Science. The search strategy included terms
related to "rare diseases,"” "orphan drugs,"
"digital health,” "telemedicine,” ™“artificial
intelligence,” and "India." The review covered
publications from the last 11 years (2013-2024)
to ensure relevance to the current healthcare
landscape.  Gray literature, including
government reports, policy documents, and
white papers, was also included to capture the
most recent developments in Indian healthcare

policy.
Case Study Analysis

We analyzed case studies of successful
digital health implementations in rare disease
management from other countries, with a focus
on initiatives that could be potentially adapted
for the Indian context. This included
telemedicine programs for rare diseases in the
EU, Al-powered diagnostic tools in the US, and
mobile health applications for patient support in
Japan.

Stakeholder Interviews

Semi-structured interviews were conducted
with key stakeholders in India's rare disease
ecosystem, including healthcare providers
specializing in rare diseases, representatives
from patient advocacy groups, policymakers
involved in digital health initiatives, and
technology experts. These interviews provided
insights into the current challenges, ongoing
initiatives, and potential opportunities for
digital health in rare disease management in
India.

Data Analysis

Quantitative data on rare disease prevalence,
orphan drug availability, and digital health
adoption in India were collected from various



sources, including government databases,
reports from international organizations, and
published studies. This data was analyzed to
identify trends and patterns relevant to the study
objectives.

Comparative Analysis

A comparative analysis was conducted to
evaluate the potential impact of digital health
initiatives on rare disease management in India,
based on outcomes observed in other countries
with  similar initiatives.  This  analysis
considered factors such as healthcare
infrastructure, digital literacy, and regulatory
environments to ensure the relevance of
comparisons to the Indian context.

Ethical Considerations

The study design and methodology were
reviewed and approved by an institutional
ethics committee. All stakeholder interviews
were conducted with informed consent, and
data confidentiality was maintained throughout
the research process.

Results

Our comprehensive analysis revealed
several key findings regarding the potential of
digital health initiatives in transforming rare
disease management and orphan drug
development in India.

Telemedicine for Improved Access to
Specialist Care

Telemedicine shows significant promise in
improving access to specialist care for rare
disease patients, especially in remote and rural
areas of India. Our analysis of global case
studies revealed that telemedicine initiatives for
rare diseases have led to:

1. 83% of rare disease patients were offered
telehealth visits during the coronavirus
disease 2019 (COVID-19) pandemic. 88%
offered a telehealth appointment during
COVID-19 accepted it, 92% of whom said
it was positive experience.

2. 70% of patients wanted telehealth as an
option for future appointments.

3. 39% of patients travel at least 60 miles to
receive medical care [13].

Telemedicine offers a promising solution to
enhance specialist care accessibility for rare
disease patients in India. By leveraging digital
technologies, it can effectively overcome
geographical barriers, linking patients in
remote and underserved areas with expert
healthcare providers. This connection is crucial
in a country as vast and diverse as India, where
specialized medical facilities are often
concentrated in urban centers [14].

Al-Powered Diagnostic Tools

Al and Machine Learning (ML) algorithms
show promise in reducing time to diagnosis for
rare diseases. Our review found that:

1. Al-Model organism Aggregated Resources
for Rare Variant Exploration (Al-
MARRVEL) an Al system for rare genetic
disorder diagnosis, has demonstrated the
ability to accurately identify causative
variants in twice as many cases as other
existing tools, with a precision rate of 98%
in identifying diagnosable cases from a
pool of previously unsolved genetic
mysteries [15].

2. ML algorithms analyzing electronic health
records have demonstrated improvement in
early detection of rare diseases compared to
traditional methods [16].

In India, a pilot study using the Aysa Al app
for dermatological diagnosis in a semiurban
town demonstrated a 71% top-1 sensitivity and
95.1% all-8 sensitivity across various skin
conditions. The Al tool showed particularly
high accuracy for skin infestations and
disorders of keratinization (85.7% top-1
sensitivity for both), while performing less
effectively for photo dermatoses and malignant
tumors. The study, involving 700 patients,
suggests that Al-based diagnostic tools could
significantly improve access to dermatological
expertise in resource-limited settings [17].



Digital Patient Registries

Digital patient registries emerge as crucial
tools for enhancing data collection and analysis,
which is vital for orphan drug development and
rare disease research. Our findings indicate
that:

1. The creation and expansion of rare disease
registries are experiencing significant
momentum. This growth is driven by
several factors in the field, including the
limited number of patients available for
study, the necessity to  collect
comprehensive cohort information, the aim
to enhance understanding of disease
progression and prevalence, the goal to
support clinical research initiatives, and the
objective to evaluate and improve
healthcare standards [18].

2. Digital registries like RD-Connect have a
significant and multifaceted impact on rare
disease management. These platforms
improve healthcare delivery, facilitate
research and drug development, address
ethical and regulatory challenges, enhance
healthcare policies, and advance scientific
understanding of rare diseases. Ultimately,
these efforts lead to two key outcomes:
improved patient health through better
diagnosis and therapies, and patient
empowerment through increased
information and participation in their care.
Digital registries thus play a crucial role in
transforming the landscape of rare disease
research, treatment, and patient care. [19].

ICMR National Registry for Rare and other
Inherited disorders (NRROID) was initiated in
November 2019 in collaboration with AIIMS,
New Delhi to collect useful data on
demography, phenotype, natural history,
evolution and outcomes of specific diseases
with/ without treatment. It has already collected
data on over 15,000 patients with rare diseases.
This data has been instrumental in informing
policy decisions and research priorities [20].

Mobile Health Applications

Mobile health (mHealth) applications show
potential in improving patient engagement,
treatment adherence, and quality of life for
individuals with chronic diseases, which could
be applicable to rare disease management in
India. A systematic review by Debon et al.
(2019) on mHealth applications for chronic
diseases highlighted key findings [21]:

1. The review identified applications with
functionalities such as sharing medical
information, sending text messages,
providing educational materials, and
maintaining web-based videos and photos.
These features have the capacity to
minimize healthcare disparities and
generate cost savings across various
income levels by delivering comprehensive
information on chronic non-communicable
disease management.

2. Moreover, mHealth apps facilitate ongoing
monitoring of chronic conditions, enhance
care quality and patient feedback, reduce
hospital stay durations, boost medical
capabilities, and lower healthcare
expenses. These resources ultimately
enable patients to achieve improved health
outcomes.

While this review focused on chronic
diseases, these findings suggest potential
benefits for rare disease management in India.
It's important to note that specific studies on
mHealth applications for rare diseases in India
are limited, and further research is needed to
validate these potential benefits in the Indian
rare disease context. Future mHealth
applications should focus on improving patient
communication, providing easily accessible
information on rare diseases, and developing
platforms offering one-stop digital solutions
addressing information needs of rare disease
patients [22].



Integration with Ayushman Bharat
Digital Mission (ABDM)

Our analysis suggests that integration with
the ABDM can provide a robust infrastructure
for implementing these digital health
initiatives. Specifically:

1. The unique health ID system of ABDM can
facilitate seamless data sharing and
interoperability across different healthcare
providers, crucial for managing complex
rare diseases.

2. The digital health records system can
support longitudinal tracking of rare
disease patients, enhancing long-term care
and research opportunities [23].

3. Develop integrated care models for holistic
management of rare diseases, leveraging
the ABDM infrastructure [22].

Challenges in Implementation

Despite the potential benefits, our study
identified several challenges in implementing
digital health initiatives for rare diseases in
India:

1. Digital literacy: Only 43% of the Indian
population is digitally literate, which could
limit the adoption of digital health tools
[24].

2. Infrastructure limitations: 64% of India's
population lives in rural areas, where
digital infrastructure is often lacking [25].

3. Data privacy concerns: 76% of Indian
internet users express concerns about the
privacy and security of their health data
[26].

Economic Impact

While specific data on the economic impact
of digital health initiatives for rare diseases in
India is limited, some broader healthcare trends
suggest potential benefits [22]:

1. According to the Federation of Indian
Chambers of Commerce and Industry
(FICCI) and Ernst & Young (EY) report
(2019), digital health initiatives could help

India save between 4-5% of its healthcare
expenditure by 2025.

2. The same report indicates that telemedicine
could potentially result in cost savings of
$5 billion annually in India.

While not specific to rare diseases, these
savings could potentially be applied to improve
rare disease management and research.

Discussion

Our comprehensive analysis of digital health
initiatives in rare disease management reveals
significant potential for transforming the
landscape of rare disease care in India. The
findings highlight both the opportunities and
challenges in implementing these technologies
within India's unique healthcare context.

Telemedicine emerges as a crucial tool for
improving access to specialist care, particularly
for patients in remote and rural areas. The high
acceptance rate (88%) and positive experience
(92%) reported by rare disease patients using
telehealth during the COVID-19 pandemic [13]
suggest that this modality could be particularly
beneficial in India's geographically diverse
landscape. Given that 39% of rare disease
patients travel at least 60 miles for medical care
[13], telemedicine could significantly reduce
the burden of travel and associated costs for
patients and their families. However, the
successful implementation of telemedicine in
India will require addressing infrastructure
challenges, particularly in rural areas where
digital connectivity may be limited [24]. To
further support this, there is a need to notify
regulatory guidelines clearly defining the legal
scope of telemedicine for rare disease
management and promote home healthcare as a
clinically safe choice for certain rare disease
treatments and follow-ups [22].

The potential of Al-powered diagnostic tools
in rare disease management is promising. The
high accuracy rates demonstrated by Al
systems like AI-MARRVEL [15] in identifying
causative variants for rare genetic disorders
could significantly reduce diagnostic delays, a



critical issue in rare disease management. The
successful pilot study of the Aysa Al app for
dermatological diagnosis in a semi-urban
Indian setting [17] provides encouraging
evidence for the feasibility of implementing
such tools in resource-limited environments.
However, the varying performance across
different conditions highlights the need for
continuous refinement and validation of these
tools in diverse Indian populations.

Digital patient registries represent a vital
resource for advancing rare disease research
and care. The ICMR's NRROID marks a
significant step forward, having collected data
on over 15,000 patients [20]. This initiative
aligns  with global trends in registry
development [18] and has the potential to
significantly enhance our understanding of rare
diseases in the Indian context. The integration
of such registries with the ABDM could further
amplify their impact by facilitating data sharing
and interoperability across healthcare providers
[23]. Enhancing the role of primary care
providers in identifying and managing rare
diseases through upskilling and technology
support, and integrating rare disease screening
and management into the primary healthcare
system, could significantly improve early
diagnosis and management [22].

Mabile health applications show promise in
improving patient engagement and treatment
adherence, as evidenced by studies on chronic
disease management [21]. While specific data
on mHealth applications for rare diseases in
India is limited, the functionalities identified in
these apps — such as medical information
exchange, educational content, and remote
monitoring — could be particularly beneficial
for rare disease patients who often require
complex, long-term care.

However, the implementation of these
digital health initiatives faces significant
challenges in India. The low digital literacy rate
(43%) [24] and the predominantly rural
population (64%) [25] with limited digital
infrastructure pose substantial barriers to

adoption. Moreover, the high level of concern
about data privacy among Indian internet users
(76%) [26] underscores the need for robust data
protection  measures and  transparent
communication about data usage. Additionally,
there is a need to address human resource gaps
by increasing PG medical seats in specialties
related to rare diseases, introducing problem-
based learning in medical education, and
formally introducing physician assistants and
nurse practitioners to manage basic clinical
activities, enabling specialists to focus on
critical rare disease cases [22].

The potential economic impact of digital
health initiatives, while not specific to rare
diseases, is significant. The projected savings
of 4-5% of healthcare expenditure by 2025
could free up resources for rare disease
management and research. However, these
projections need to be validated in the context
of rare diseases, and cost-effectiveness studies
specific to rare disease interventions are
needed. To ensure transparency and drive
quality improvement, mandating public
reporting of clinical outcomes by accredited
hospitals, including outcomes for rare disease
treatments, should be considered [22].

In conclusion, while digital health initiatives
offer immense potential for improving rare
disease management in India, their successful
implementation will require a multifaceted
approach. This should include targeted efforts
to improve digital literacy, enhance digital
infrastructure in rural areas, address data
privacy concerns, and develop India-specific
evidence on the efficacy and cost-effectiveness
of these interventions in rare disease care.
Future research should focus on pilot
implementations of these digital health
solutions in diverse Indian healthcare settings,
with a particular emphasis on their impact on
rare disease outcomes and patient experiences.

Conclusion

This study provides a clear justification for
integrating digital health initiatives into India's



orphan drug ecosystem. The proposed roadmap
offers a strategic approach to leveraging digital
technologies for improving rare disease
management in India. Our findings suggest that
digital health initiatives, including
telemedicine, Al-powered diagnostics, digital
patient  registries, and mobile health
applications, have the potential to significantly
enhance rare disease diagnosis, treatment, and
research in India.

The integration of these digital health
solutions with existing healthcare infrastructure
and initiatives like the ABDM can provide a
robust framework for addressing the unique
challenges of rare disease management in India.
However, successful implementation will
require addressing several key challenges,
including digital literacy gaps, infrastructure
limitations, and data privacy concerns.

The economic analysis suggests that
investing in digital health for rare diseases
could lead to substantial cost savings and
efficiency improvements in the Indian
healthcare system. This provides a strong
rationale for policymakers and healthcare
leaders to prioritize these initiatives.

However, it is crucial to recognize that
digital health is not a panacea for all challenges
in rare disease management.  These
technological solutions should be seen as
complementary to ongoing efforts to improve
rare disease awareness, enhance specialist
training, and increase access to orphan drugs.

Future extensions of this work could include:

1. Pilot implementations of the proposed
digital health initiatives in selected regions
of India, with rigorous evaluation of their
impact on rare disease management.

2. Development of India-specific digital
health tools for rare diseases, taking into
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