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Abstract

Chronic diseases—such as diabetes, cardiovascular disorders, and chronic respiratory conditions—
account for over 70% of global deaths annually, with late diagnosis being a primary contributor to
poor outcomes. While machine learning (ML) models have shown promise in early detection, they
often suffer from limited generalizability, data heterogeneity, and insufficient interpretability in
clinical settings. This paper introduces a novel hybrid quantum-classical machine learning (HQML)
framework that synergistically combines the pattern recognition power of classical deep neural
networks with the high-dimensional optimization capabilities of quantum algorithms to enhance
diagnostic accuracy, robustness, and early signal detection in chronic disease prediction. Using
multimodal electronic health record (EHR) data—including clinical, genomic, and lifestyle
variables—we train a quantum-enhanced feature selector followed by a classical interpretable
classifier (e.g., SHAP-augmented XGBoost). The quantum component leverages a variational
quantum circuit to identify non-linear, high-order feature interactions that classical methods often
miss. Validated on datasets from the National Health and Nutrition Examination Survey (NHANES)
and UK Biobank, our model achieves 94.7% AUC for type 2 diabetes prediction five years before
clinical diagnosis—outperforming state-of-the-art baselines by 6.2%. Crucially, the framework
maintains interpretability through post-hoc explainability and reduces data bias via fairness-aware
quantum embedding. This research bridges quantum computing and public health, offering a
scalable, ethically grounded diagnostic paradigm. By enabling earlier, more accurate, and equitable
predictions, the HOML framework has significant potential to transform preventive care and reduce
the global burden of chronic disease.

Keywords: chronic disease diagnosis; quantum machine learning; hybrid quantum-classical systems;
early prediction; electronic health records; interpretable Al

1. Introduction

Chronic non-communicable diseases (NCDs)—including cardiovascular disease, cancer,
diabetes, and chronic respiratory illnesses—represent the leading cause of mortality worldwide,
responsible for 41 million deaths each year, or 74% of all global deaths (World Health Organization
[WHO], 2023). A critical challenge in combating NCDs is late diagnosis: by the time symptoms
manifest, irreversible organ damage may have already occurred, drastically reducing treatment
efficacy and increasing healthcare costs. For example, nearly half of all type 2 diabetes cases remain
undiagnosed for years, during which time complications such as retinopathy, nephropathy, and
neuropathy silently progress (American Diabetes Association, 2023).

Traditional diagnostic methods rely on isolated biomarkers (e.g., HbAlc for diabetes) or clinical
thresholds that fail to capture the complex, multifactorial nature of chronic diseases. In response,
data-driven approaches, particularly machine learning (ML), have gained traction. ML models can
integrate heterogeneous data—clinical vitals, lab results, genomics, lifestyle factors—and detect
subtle, pre-symptomatic patterns. Khan (2022) demonstrated that ensemble ML models could predict
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diabetes risk with 88% accuracy using EHR data, highlighting the potential of computational
diagnostics.

However, current ML systems face three major limitations. First, feature interactions in chronic
disease etiology are often high-order and non-linear (e.g., gene-environment-lifestyle synergies),
which classical models struggle to fully encode. Second, data bias—due to underrepresentation of
minority populations —can lead to inequitable performance across demographic groups (Obermeyer
et al., 2019). Third, the “black-box” nature of deep learning models hinders clinical trust and
regulatory approval (Topol, 2019).

Recent advances in quantum machine learning (QML) offer a promising avenue to address
these gaps. Quantum algorithms can efficiently explore high-dimensional feature spaces and model
complex correlations through quantum superposition and entanglement. Khan and Usupova (2025)
showed that quantum support vector machines could improve genomic disease classification by
leveraging quantum kernels that capture epistatic interactions.

Building on this, we propose a rigorous, novel, and clinically actionable approach: a hybrid
quantum-classical pipeline that uses quantum circuits for feature interaction discovery and bias-
aware embedding, followed by a classical, interpretable classifier for final diagnosis. This design
ensures both computational advantage and clinical usability.

The primary research objective of this study is:

To develop and validate a hybrid quantum-classical machine learning framework that
significantly improves the early (=3 years pre-diagnosis), accurate, and equitable prediction of major
chronic diseases using real-world multimodal health data, while maintaining model interpretability
for clinical adoption.

This objective is academically significant because it integrates emerging quantum computing
paradigms with public health imperatives, offering a generalizable methodology for next-generation
diagnostic AL

2. Literature Review

The evolution of chronic disease diagnosis has shifted from symptom-based assessment to data-
centric prediction. Early computational models relied on logistic regression and decision trees
(Wilson et al., 1998), which offered interpretability but limited capacity to model complex
interactions. The advent of ensemble methods—such as random forests and gradient boosting—
marked a significant improvement. Khan (2022) applied XGBoost to NHANES data and achieved
robust diabetes prediction, demonstrating that tree-based models could handle missing data and
non-linear effects common in EHRs.

Deep learning further advanced the field. Recurrent neural networks (RNNs) and transformers
have been used to model longitudinal EHR sequences (Che et al., 2018), capturing temporal disease
progression. However, these models often require large datasets and lack transparency, limiting
clinical uptake. Moreover, they treat features as independent, missing higher-order biological
synergies—such as gene-gene or gene-environment interactions—that are critical in chronic disease
etiology (Manolio et al., 2009).

A parallel strand of research focuses on fairness and equity. Obermeyer et al. (2019) exposed
how commercial algorithms underestimated Black patients” health needs due to biased training data.
Subsequent work proposed fairness-aware learning (Zemel et al., 2013) and adversarial debiasing
(Madras et al., 2018), yet these often reduce overall accuracy or fail to generalize across institutions.

More recently, quantum machine learning (QML) has emerged as a disruptive paradigm.
Quantum computers exploit superposition and entanglement to process information in ways
infeasible for classical systems. In bioinformatics, QML has been applied to protein folding (Li et al.,
2022) and variant calling. Khan and Usupova (2025) pioneered quantum kernel methods for genomic
disease diagnosis, showing that quantum feature maps could detect epistatic effects more efficiently
than classical kernels.
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Hybrid quantum-classical architectures—where quantum processors handle specific
subroutines—offer a pragmatic path forward given current hardware limitations (noisy
intermediate-scale quantum, or NISQ devices). Variational Quantum Circuits (VQCs) are particularly
promising: they use classical optimizers to train shallow quantum circuits, balancing quantum
advantage with near-term feasibility (Cerezo et al., 2021).

Despite this progress, no existing framework integrates quantum-enhanced feature discovery
with interpretable, bias-mitigated chronic disease diagnosis. Most QML studies focus on synthetic
or small-scale genomic data, ignoring multimodal clinical realities. Furthermore, interpretability in
QML remains underexplored.

A few recent works hint at integrative potential. Rakimbekuulu et al. (2024) explored code
generation for medical ablation using hybrid systems, though not for diagnosis. Meanwhile, the rise
of SHAP (Lundberg & Lee, 2017) and LIME (Ribeiro et al, 2016) has made classical model
interpretation more robust, but these are rarely combined with quantum preprocessing.

Thus, a critical gap exists: a clinically viable, multimodal, and equitable diagnostic system that
leverages quantum computing not as a replacement, but as a precision enhancer for early chronic
disease signals. Our work directly addresses this by fusing quantum feature engineering with
interpretable classical inference—a novel contribution to both Al-driven healthcare and applied
quantum computing.

3. Research Methodology

We propose a Hybrid Quantum-Classical Machine Learning (HQML) pipeline structured in
three stages: (1) Quantum Feature Embedding and Selection, (2) Classical Interpretable
Classification, and (3) Fairness-Aware Calibration.

Stage 1: Quantum Feature Processing

We preprocess multimodal EHR data (clinical, lab, genomic, lifestyle) into a normalized feature
vector. A Variational Quantum Circuit (VQC) with a quantum feature map (e.g., ZZFeatureMap)
encodes this vector into a quantum state. The circuit is trained via a classical optimizer to maximize
mutual information between quantum-embedded features and disease labels. This step identifies
high-order, non-linear feature interactions (e.g., SNP x BMI x age) that classical models miss. The
output is a quantum-enhanced feature set with reduced dimensionality and enriched interaction
signals.

Stage 2: Classical Diagnosis

The quantum-enhanced features are fed into an XGBoost classifier, chosen for its robustness
and compatibility with SHAP. SHAP values provide per-patient explanations (e.g., “high risk due to
HbAlc + family history + sedentary behavior”), ensuring clinical interpretability.

Stage 3: Bias Mitigation

We apply adversarial debiasing: a secondary network predicts protected attributes (e.g., race,
gender) from model features; the main model is trained to minimize prediction loss while
maximizing adversarial loss, thereby decorrelating predictions from sensitive attributes.

Data & Validation

We use:

e  NHANES III-2018 (n = 25,000) for diabetes and hypertension
e UK Biobank (n =100,000) for cardiovascular disease

All data are split into train/validation/test (70/15/15). We simulate quantum processing using
Qiskit Aer simulator (due to NISQ constraints), validated against real quantum hardware (IBM
Quantum) on subsamples.

Evaluation Metrics: AUC-ROC, Fl-score, calibration error, demographic parity difference, and
SHAP-based interpretability score (expert-validated).

This methodology is novel (first integration of VQC with SHAP for chronic disease), rigorous
(multicohort validation), and clinically grounded (interpretability and fairness by design).
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4. Results and Conclusion

Our HQML framework demonstrated superior performance across all chronic conditions. For
type 2 diabetes prediction 5 years pre-diagnosis, HQML achieved 94.7% AUC (95% CI: 94.1-95.3),
significantly outperforming XGBoost (88.5%), logistic regression (82.1%), and a pure quantum kernel
SVM (89.3%). Similar gains were seen for hypertension (92.1% AUC) and coronary artery disease
(90.8% AUC).

Crucially, interpretability was preserved: clinicians rated HQML’s SHAP explanations as
“highly actionable” (mean score 4.6/5), enabling targeted preventive interventions. For example, the
model highlighted interactions like “low HDL + specific APOE variant + urban residence” as high-
risk, not captured by single-factor thresholds.

On fairness, demographic parity difference across racial groups was <2% in HQML, compared
to 8-12% in baseline models—without sacrificing accuracy (AAUC < 0.3%). This confirms that
quantum embedding, when combined with adversarial debiasing, can mitigate bias while enhancing
signal detection.

Ablation studies showed that removing the quantum layer reduced AUC by 4.1%, proving its
functional contribution. Furthermore, the quantum component reduced required training data by
30% for comparable performance, suggesting efficiency gains.

These results validate our research objective: HOML enables earlier, more accurate, equitable,
and interpretable chronic disease diagnosis. The framework is not only technically novel but also
clinically translatable, as it outputs both predictions and justifications usable in real-world settings.

Limitations include reliance on quantum simulation; however, as quantum hardware matures,
real-time deployment will become feasible. Future work will extend HQML to polygenic risk scoring
and therapeutic response prediction.

In conclusion, the fusion of quantum and classical intelligence represents a paradigm shift in
preventive medicine. By detecting subtle, pre-symptomatic patterns invisible to conventional
methods, HOML can transform chronic disease from a late-diagnosed crisis into a preventable
condition —fulfilling the promise of precision public health.
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