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Intelligence and Quantum Computing in Explainable Artlflc_lal Intelhgt_aqce (XAl) has been_lntroduced as a promising way to enhance
Smart Healthcare System for Disease the transparency, interpretability, and trustworthiness of artificial intelligence (Al) models,
Detection”, IJIRE-V714-21-25. while Quantum Computing (QC) offers unmatched computational capacity to tackle complex
healthcare optimization and machine learning (ML) problems. The convergence of XAl and QC
Copyright© 2026 can also considerably improve disease prediction through the integration of interpretable
@@@@ by author(s) and decision support and rapid data processing and optimization. This paper provides a short
TRY) Fifth Dimension literature survey on the roles of XAl and QC in smart healthcare systems for disease diagnosis.
. _Research It includes advanced Al methods like deep learning (DL) and machine learning (ML) models,
Publication. This work is licensed under the . L .
Creative Commons Attribution International along with top QC tools such as Qiskit, PennyLane, Cirg, and TensorFlow Quantum. It
License (CC BY 4.0). encompasses explainability techniques such as SHAP, LIME, and Grad-CAM, which are
http://creativecommons.ora/licenses/by/4.0/ regarded as some of the most sophisticated in the world. The survey also discusses the use of
these technologies in the prediction and diagnosis of diseases such as cancer, cardiovascular
diseases, diabetes, neurological diseases, and infectious diseases. The paper provides a
comparative examination of existing approaches, applications in the real world of healthcare,
issues that are currently being faced, and future research priorities. The review suggests that
quantum-assisted XAl is in its infancy but has immense potential to design intelligent,
transparent, and efficient healthcare systems that can help promote reliable disease prediction
and precision therapy. The insights provided in this study present a comprehensive
understanding to the researchers and healthcare practitioners about emerging trends, research
gaps, and feasible directions for future smart healthcare applications.
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I.LINTRODUCTION

Al has seen rapid growth, and this has brought significant changes in the healthcare domain, like accurate illness
detection, medical image analysis, clinical decision support, and personalized therapy planning. ML and DL algorithms have
demonstrated remarkable performance in diagnosing complex diseases, including cancer, cardiovascular disease, diabetes,
and neurological disorders, among others. These algorithms have seen remarkable success in recognizing these diseases.
Nevertheless, many Al healthcare models are “black-box™ systems, which makes it impossible for clinicians to understand
the logic behind their predictions. This opacity limits the clinical application of Al systems, especially in high-risk medical
applications in which trust and accountability are of the utmost importance. XAl has been proposed as a potential solution
to overcome these limitations by increasing the transparency and interpretability of Al models. XAl approaches such as
SHAP, LIME, and Grad-CAM provide meaningful explanations for the model predictions, which allow the healthcare
personnel to verify the Al-assisted diagnoses and build confidence in clinical decision-making. Hence, XAl becomes an
integral part of the trustworthy Al system for disease prediction and precision healthcare [1]. During the same time, the
quantity and complexity of medical data produced by medical imaging and electronic health records have increased,
genomics, and wearable sensors require computational capabilities that exceed those of conventional computer systems. QC
is an emerging paradigm of computing that leverages the quantum-mechanical properties of superposition and entanglement
to solve difficult optimization and machine learning problems. Recent advances in quantum machine learning (QML) have
shown remarkable possibilities in enhancing healthcare analytics, medical image classification, drug discovery, and disease
prediction [2]. XAl and QC together have opened new potential for the development of intelligent and transparent and
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computationally efficient smart healthcare systems. XAl improves the interpretability and trustworthiness of Al models, and
QC may potentially improve computational efficiency and maximize learning from large-scale medical information.
Together, these technologies can assist in early disease detection, personalized diagnosis, and accurate clinical decision
support [3]. While there are some recent studies discussing the applications of XAl and QC in healthcare, a brief survey of
the existing Al tools, explainability techniques, QC platforms, and their practical applicability for disease detection in smart
healthcare systems is needed. Thus, this paper provides a brief literature review on the functions of XAl and QC in disease
prediction. It reviews the state-of-the-art Al and quantum technologies, their applications in healthcare, the existing obstacles,
and the future research directions towards trustworthy and intelligent healthcare systems.

Il. EXPLAINABLE ARTIFICIAL INTELLIGENCE (Al) IN SMART HEALTHCARE

Intelligent healthcare includes automatic detection of illnesses, interpretation of medical images, prediction of
patient risks, and assistance in clinical decisions. Al is a major part of intelligent healthcare. DL models, including
convolutional neural networks (CNNs) and transformer-based models, have shown excellent performance in disease
identification from medical images and electronic health information. But the complicated architecture of these models
sometimes makes the decision-making process obscure, generating problems regarding reliability, transparency, and clinical
acceptance. XAl alleviates this restriction by offering human-understandable explanations of the forecasts made by Al. XAl
approaches can help physicians to visualize the features or areas that are used for the model’s decision, increasing trust,
accountability, and confidence in the Al-assisted diagnosis. In the healthcare domain, explainability is crucial because
incorrect or unexplained predictions may affect the patient’s safety and treatment [4]. The XAl methodologies are broadly
classified into two categories: intrinsically interpretable models and post-hoc explanations. Intrinsic models such as decision
trees and rule-based systems are understandable in their internal working but may not be able to predict the outcomes reliably
while handling complicated data sets. The predictions of black-box models can. Post hoc procedures [5] can explain the
predictions of black-box models without altering the model's design. Common post-hoc methods are LIME, SHAP, Grad-
CAM, and Integrated Gradients. These methods allow us to visualize important features, explain single predictions, and
analyze DL models for medical diagnosis [6][7].

XAl has been applied in a wide range of healthcare fields. In the field of oncology, XAl helps clinicians discover
areas in images that are relevant to the classification and staging of tumors. In cardiology, interpretable Al models are used
to support the early prediction of cardiovascular illnesses by identifying influential clinical characteristics. Similarly, XAl
has been applied to diabetes prediction, Alzheimer’s disease diagnosis (ADD), retinal disease detection, pneumonia
screening, and COVID-19 diagnosis for enhancing the diagnostic accuracy as well as the clinician's confidence. Moreover,
XAl provides clear and justified suggestions from Al systems to help satisfy regulatory requirements, ethical Al deployment,
and patient-centric decision-making. There are still hurdles to deploy XAl for smart healthcare, despite the significant
benefits. There are trade-offs between accuracy and interpretability of models, consistency of explanations on different
datasets, computational complexity, and validation of explanations by clinical competence. Future research endeavors should
focus on developing robust and domain-specific explainability methods that can be seamlessly integrated with future
technologies like QML, federated learning, and multimodal healthcare analytics to build trustworthy and efficient smart
healthcare systems.

I1. QUANTUM COMPUTING (QC) FOR HEALTHCARE

The explosion of data in health care from medical imaging, genetics, electronic health records, and wearable devices
has created major computational challenges for legacy computer systems. QC has been suggested as a promising technology
to overcome these limitations by exploiting the properties of quantum physics, e.g., superposition, entanglement, and
quantum interference . QC could possibly offer efficient solutions to challenging optimization and ML problems. QC use
quantum bits (qubits), which can do parallel computations, unlike classical computers, which process binary bits. Recent
developments in QML have shown a tremendous promise for healthcare applications. Hybrid quantum-classical algorithms
such as,Quantum Convolutional Neural Networks (QCNNs), Quantum Neural Networks (QNNs), and Quantum Support
Vector Machines (QSVMs) , Variational Quantum Circuits (VQCs)have been used to study disease prediction, medical
image classification, drug discovery, genomics, and precision medicine. These algorithms are used to increase the efficiency
of learning, to optimize the selection of features, and to improve the predictive performance for complex healthcare datasets
[8]. Some of the quantum software platforms that have accelerated research in healthcare applications are IBM’s Qiskit,
Google’s Cirg, Xanadu’s PennyLane, TensorFlow Quantum, and D-Wave Ocean. These frameworks enable tools to design,
simulate, and implement quantum algorithms on quantum simulators and real quantum hardware, thus helping to develop
hybrid Al-quantum healthcare solutions.

QC has demonstrated potential in identifying diseases, including cancer, cardiovascular disorders, diabetes,
Alzheimer’s disease (AD), and infectious diseases, by enabling faster optimization and better pattern identification. In
addition, quantum algorithms have been investigated for molecular modeling, protein structure prediction, biomarker finding,
and medication discovery, all of which contribute to the development of personalized and precision healthcare. However, the
practical implementation is limited by the, qubit scarcity, noisy intermediate-scale quantum (N1SQ) devices the requirement
of error correction, and the high costs of quantum hardware . QC is still in its early stages, but the potential, when combined
with Al and XAl, is enormous. Al has the potential to transform smart healthcare by enabling rapid data analysis, better
disease prediction, and better decision support for the clinician. The ongoing advancements in quantum hardware, hybrid
quantum-classical algorithms, and healthcare-specific software frameworks will enable future intelligent healthcare systems
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to leverage.

The research subjects covered in the book include QML, blockchain integration, secure and privacy-preserving
systems, Al for healthcare analytics, and intelligent healthcare apps. Research subjects include QML, blockchain integration,
secure and privacy-preserving systems, Al for healthcare analytics, and intelligent healthcare apps. throughout the book.
Innovative studies, imaginative ideas, and beneficial applications show how quality control and intelligent systems improve
healthcare. Implementation, ethics, and technological preparedness This research addresses implementation, ethics, and
technological preparedness. in this research. It benefits scholars, practitioners, and policymakers. Quantum computing and
intelligence in smart healthcare systems might revolutionize global healthcare quality, accessibility, and sustainability [9].

IV. INTEGRATION OF EXPLAINABLE Al AND QC FOR DISEASE DETECTION
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Figure.1 Integration of Explainable Al and QC for Disease Detection

The convergence of XAl with QC provides a new paradigm for the development of intelligent, transparent, and
efficient smart healthcare systems. Al models can forecast disease with exceptional accuracy, but their black-box aspect
generally restricts their clinical acceptability. XAl provides interpretable explanations for Al predictions and thereby solves
this shortcoming. QC improves computational efficiency by speeding up optimization and ML tasks on complex healthcare
data sets . In a usual hybrid healthcare system, classical Al is integrated with QML techniques to improve the diagnostic
performance. In this regard, features are extracted, and the patient data of medical images, electronic health records, genomic
data, and wearable sensors are preprocessed. Once preprocessed, the processed data is used to train ML and DL models
combined with quantum algorithms such as QNNs , VQCs, and ,QSVMs, Lastly, XAl methods such as SHAP, LIME, and
Grad-CAM offer interpretable explanations for the predicted outcomes and enable physicians to understand the reasoning
behind their diagnostic decisions.

The combination of XAl with QC has fascinating applications in disease prediction, including cancer diagnosis,
cardiovascular risk estimation, diabetes prediction, AD categorization, and infectious disease detection. Explainability
methods could help improve model transparency, clinician trust, and regulatory compliance. Hybrid quantum-Al models
may be used to efficiently analyze high-dimensional healthcare data. These systems are expected to provide computational
efficiency and interpretable decision-making to help with early diagnosis, personalized treatment planning, and precision
medicine. The promise of the combination of XAl and QC is still in its early phases. However, we are now facing several
problems such as limited quantum hardware, NISQ devices, scalability issues, the lack of standardized testing, and the lack
of explainability methodologies specifically intended for QML models. Future work should focus on hybrid quantum-
classical architectures, quantum-native explainability methodologies, and clinically proven frameworks for real-world smart
healthcare deployment.

V. DISEASE PREDICTION APPLICATIONS
The merger of Al, XAl, and QC has greatly improved disease prediction through better diagnostic accuracy,
computational efficiency, and clinical interpretability. Al-based models are increasingly being applied to analyse multimodal
healthcare data, including medical images, electronic health records, genomic information, and physiological signals, for the
early detection and individualised treatment of various diseases [9]. In the field of oncology, the combination of DL models
23|Page
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with XAl approaches has proven to be highly accurate in detecting breast, lung, skin, and brain tumours based on
histopathological and radiological images. Clinicians can employ explainability approaches such as SHAP and Grad-CAM
to pinpoint the image regions and clinical variables driving the diagnostic conclusion, thus enhancing their confidence in Al-
assisted cancer diagnoses [10]. Similarly, hybrid QML algorithms have demonstrated promising results for cancer
classification with efficient processing of high-dimensional datasets. Another significant use of intelligent healthcare systems
is to forecast cardiovascular disease. Random forest, support vector machine (SVM), and artificial neural networks (ANNS)
are often used to forecast the risk of cardiac disease using patient demographics, test results, and ECG data . The use of XAl
enables doctors to understand important risk variables, while quantum-enhanced algorithms can be used to boost optimisation
and feature selection to improve predictive modelling [11].

Al-based illness prediction has been very successful in predicting diabetes, AD, Parkinson’s disease, retinal
abnormalities, pneumonia and infectious diseases such as COVID-19. DL models, coupled with explainability techniques,
provide robust diagnostic assistance by emphasising clinically pertinent aspects of medical images and patient records.
Furthermore, QC has been demonstrated to have potential in speeding up genome analysis, biomarker identification, and
precision medicine by effectively tackling complex computational tasks that are challenging for traditional computing
systems. However, despite these encouraging improvements, there are numerous barriers before widespread clinical
acceptance. The practical application of QC in healthcare is still constrained by several factors, including the limited
availability of high-quality annotated datasets, data privacy issues, computational complexity, a lack of sufficient quantum
hardware, and the need for clinically proven explainability methodologies. However, the integration of Al, XAl, and QC is
predicted to play a significant role in the evolution of next-generation smart healthcare systems with accurate, transparent,
and efficient illness prediction and tailored clinical decision support [12].

Disease H Al Model HXAI Technique” Quantum Technique H Clinical Benefit ‘
Breast Cancer CNN, ResNet SHA(\:iI\G/IFad— Quantum CNN (QCNN) Early tumor detection
Luna Cancer Vision Transformer, Grad-CAM Quantum SVM (QSVM) Improved image

g CNN classification
Cardlpvascular Random Forest, ANN || LIME, SHAP Variational Quantum Circuit Risk prediction
Disease (VQO)
Diabetes XGBoost, SVM LIME Quantum Neural Network Early diagnosis
(QNN)
Alzheimer's Disease H CNN, Transformer || SHAP || QCNN H MRI-based classification

COVID- . . .

19/Pneumonia CNN Grad-CAM Hybrid Quantum ML Chest X-ray diagnosis

Table 1. Representative Applications of Al, XAl, and QC in Disease Prediction

VI. CONCLUSION

The future of smart healthcare is being shaped by the convergence of XAl and QC, which allows for accurate,
transparent and efficient disease prediction. XAl addresses the limitations of conventional black-box models by producing
interpretable and reliable predictions, which increases the confidence of the clinicians and allows for more informed medical
decisions. On the one hand, QC facilitates working with large and complex healthcare data, improves ML techniques and
accelerates the implementation of precision medicine. This work introduces a brief literature survey on the role of XAl and
QC in smart healthcare systems for disease detection. It reviewed state-of-the-art Al models, explainability methods, QC
frameworks, and their applications in predicting diseases such as cancer, cardiovascular diseases, diabetes, neurological
diseases, and infectious diseases. The survey also highlighted the prospect of hybrid Al-quantum strategies to improve
diagnostic accuracy, computational efficiency, and personalized healthcare. Although promising progress has been made,
there are a number of hurdles to overcome including limited quantum hardware, scalability limitations, lack of standard
explainability methodologies for quantum models, data privacy concerns and the need for significant clinical validation.
Future work should concentrate on building robust hybrid quantum-classical frameworks, quantum-native explainability
techniques, and clinically validated intelligent healthcare systems deployable in real-world medical settings. In a nutshell,
the combination of XAl and QC may transform next-generation smart healthcare toward credible disease prediction, which
enhances clinician trust and facilitates precision therapy. Further multidisciplinary research and technical advances are
expected to speed up the translation of these emerging technologies into clinical practice.
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