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Abstract- — The combination of Quantum Technologies and Artificial Intelligence (Al) is shaping a new approach in life sciences
and healthcare. The growing complexity of biomedical data, along with the demand for quick and precise decision-making, has
led to the exploration of new computing methods beyond traditional systems. AI has shown great success in medical diagnosis,
disease prediction, drug discovery, and healthcare analytics. However, traditional AI models have drawbacks when it comes to
optimization, scalability, and computational efficiency. Quantum technologies offer new computing principles based on quantum
mechanics, allowing for parallel processing and better optimization. This review provides a detailed look at recent progress in
quantum technologies and Al applications within life sciences and healthcare. The paper examines the basics of quantum
computing, quantum-inspired algorithms, and hybrid quantum-Al frameworks, emphasizing their uses in disease diagnosis,
medical imaging, genomics, molecular modeling, and drug discovery. It also discusses current challenges, practical limitations,
and future research directions. This review aims to give researchers, students, and practitioners a clear understanding of the
developing quantum-Al landscape and its potential effects on future healthcare systems.
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I. INTRODUCTION

The rapid growth of digital technologies has significantly
changed the life sciences and healthcare fields. The widespread
use of electronic health records (EHRs), wearable
healthmonitoring devices, medical imaging systems, and
genomic sequencing technologies has led to a massive increase
in biomedical data. Analyzing this complex and varied data
requires effective computational methods that can extract
meaningful insights quickly and accurately.

Artificial Intelligence (Al), especially Machine Learning (ML)
and Deep Learning (DL), has become a key part of modern
healthcare analytics. Al-powered systems are increasingly used
for diagnosing diseases, assessing patient risks, analyzing
medical images, creating personalized treatment plans, and
supporting healthcare decisions. Despite these advances,
traditional Al methods face many challenges. These issues
include high computational costs, slow optimization, limited
scalability, and difficulties in dealing with complex
optimization problems found in biomedical research.

Quantum technologies are emerging as a promising area in
computational science. They offer fundamentally different
ways to process information based on principles of quantum
mechanics like superposition, entanglement, and quantum
parallelism. These properties allow quantum systems to handle
large solution spaces more efficiently than classical computers

for some types of problems. Although practical quantum
computers are still being developed, quantum-inspired
algorithms and hybrid quantum-classical models have already
shown potential benefits in optimization, pattern recognition,
and data analysis tasks.

This review looks into how quantum technologies and Al can
be integrated in life sciences and healthcare. It focuses on the
theoretical basics, practical uses, and new research trends. The
paper aims to provide a complete overview of how Al systems
enhanced by quantum technology can help tackle current
challenges in biomedical research and healthcare delivery.

II. FUNDAMENTALS OF QUANTUM
TECHNOLOGIES

Quantum Computing Principles

Quantum computing relies on the principles of quantum
mechanics, which describe how matter and energy behave at
atomic and subatomic levels. Unlike classical bits, which
represent information as either 0 or 1, quantum bits (qubits) can
exist in both states at the same time. This ability allows
quantum systems to explore several computing paths at once.
Another key idea is quantum entanglement. Here, qubits
become linked so that the state of one qubit instantly affects the
state of another, no matter the distance between them. This
entanglement helps quantum computers manage complex
relationships between data elements more effectively.
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Quantum algorithms take advantage of these properties to gain
computational benefits in certain areas, especially in
optimization, simulation, and factorization tasks.

Quantum-Inspired Computing

Due to the limited availability of large-scale quantum
hardware, quantum-inspired computing has become a practical
alternative. Quantum-inspired algorithms simulate quantum
behaviors using classical computing resources. These methods
use probabilistic state representation, superposition-inspired
search, and stochastic optimization techniques to improve
classical algorithms.Quantum-inspired approaches have shown
promise in solving combinatorial optimization problems,
feature selection, and parameter tuning tasks. This makes them
especially suitable for Al-driven healthcare applications.

III. OVERVIEW OF ARTIFICIAL
INTELLIGENCE IN HEALTHCARE

Artificial Intelligence includes a variety of computation
techniques that allow machines to complete tasks that need
human intelligence. In healthcare, Al is used for supervised
learning to classify diseases, unsupervised learning to group
patients, and reinforcement learning to improve treatment.

Machine learning models like Logistic Regression, Support
Vector Machines, Random Forest, and Neural Networks are
commonly used for analyzing medical data. Deep learning
methods, such as Convolutional Neural Networks (CNNs) and
Recurrent Neural Networks (RNNs), have performed
exceptionally well in analyzing medical images and processing
timeseries health data.

Even with these advancements, Al models often encounter
issues related to data imbalance, redundant features,
interpretability, and efficiency in optimization. This drives the
search for techniques that enhance Al using quantum methods.

IV. QUANTUM-AI INTEGRATION
FRAMEWORKS

Hybrid Quantum, Classical Models

Hybrid quantum, classical frameworks mix classical Al
algorithms with quantum or quantum-inspired optimization
parts. In these systems, classical processors take care of data
preprocessing and model training. Quantum-inspired modules
focus on optimizing feature selection and hyperparameters.
These hybrid setups provide a balanced method by using the
strengths of both classical and quantum approaches. This

makes them a good fit for healthcare applications in the near
future.

Quantum Machine Learning (QML)

Quantum Machine Learning (QML) explores how quantum
algorithms can be used for machine learning tasks. QML
models aim to speed up training, improve optimization, and
boost pattern recognition. While there are still few practical
QML implementations, theoretical and simulation studies show
there is significant potential for biomedical applications.

V. APPLICATIONS IN LIFE SCIENCES AND
HEALTHCARE

Disease Diagnosis and Prediction

Quantum-inspired Al models have been used for tasks like
predicting diabetes, assessing cardiovascular risk, and
detecting cancer. By improving optimization and feature
selection, these models boost prediction accuracy and
reliability.

Medical Imaging

Medical imaging techniques like MRI, CT, and X-ray produce
large amounts of highresolution data. Quantum-enhanced Al
models can improve image segmentation, reduce noise, and
recognize patterns, resulting in more accurate diagnoses.

Genomics and Bioinformatics

Analyzing genomic data involves complex pattern matching
and optimization tasks. Quantum-inspired algorithms can speed
up sequence alignment, gene expression analysis, and variant
detection, making genomic research more efficient.

Drug Discovery and Molecular Modeling

Drug discovery is a computationally heavy process that
includes molecular simulation, docking, and optimization.
Quantum technologies have great potential for simulating
molecular interactions accurately and for reducing the time and
cost involved in drug development.

VI. CHALLENGES AND LIMITATIONS

Despite their promise, quantum Al systems face several
challenges. Limitations in quantum hardware, noise, and
scalability problems restrict their deployment in the real world.
Quantum-inspired methods, while practical, only approximate
true quantum behavior. Additionally, issues with healthcare
data privacy, ethical concerns, and regulatory constraints
present significant obstacles.

© 2026 IJSRET



International Journal of Scientific Research & Engineering Trends
Volume 12, Issue 2, Jan-Feb-2026, ISSN (Online): 2395-566X

VII. FUTURE RESEARCH DIRECTIONS

Future studies should focus on developing scalable quantum
hardware, strong quantuminspired algorithms, and clear
quantum-Al models. Working with IoT-based healthcare
systems and real-time clinical decision support platforms is a
promising path for next-generation healthcase technologies.

VIII. CONCLUSION

This review presented an in-depth look at quantum
technologies and Al applications in life sciences and healthcare.
By  examining  theoretical  foundations,  practical
implementations, and emerging trends, the paper highlights the
transformative potential of integrating quantum and Al
Although challenges still exist, ongoing research and
technological progress are expected to drive the use of
quantum-enhanced Al systems in future healthcare
applications.
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