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Abstract : 

The increasing availability of large-scale and high-dimensional healthcare data has 

introduced substantial challenges in statistical analysis, particularly with respect to model 

interpretability, computational feasibility, and uncertainty assessment. In clinical domains 

such as asthma research, datasets commonly contain a large number of demographic, 

clinical, environmental, and biological variables, often with limited sample sizes. Under such 

conditions, classical statistical techniques and many machine learning models tend to suffer 

from instability and overfitting. This review paper presents a comprehensive and original 

synthesis of Bayesian methodologies designed for high-dimensional healthcare data analysis. 

Emphasis is placed on sparse Bayesian learning, hierarchical modeling, and probabilistic 

dimensionality reduction techniques that improve interpretability while maintaining 

predictive accuracy. A key strength of Bayesian methods lies in their ability to quantify 

uncertainty through posterior distributions and credible intervals, which is particularly 

valuable for clinical decision-making. Applications related to asthma diagnosis and 

prognosis are discussed to illustrate practical relevance. The review concludes that Bayesian 

frameworks provide a robust, transparent, and theoretically grounded solution for high-

dimensional healthcare analytics. 

Keywords : High-dimensional healthcare data; Bayesian methods; Asthma analysis; Sparse 

modeling; Interpretability; Uncertainty quantification 

---------------------------------------------------------------------------------------------------------------

Introduction : 

The rapid digitalization of healthcare systems has resulted in the accumulation of 

complex datasets containing a very large number of variables. Sources such as electronic 

medical records, genomic profiling, environmental sensors, and wearable devices contribute 

to this growth. In asthma-related research, data often describe patients using pulmonary test 

results, environmental exposure indicators, medication usage, genetic factors, and 

demographic characteristics. Consequently, researchers frequently encounter situations where 

the number of predictors substantially exceeds the number of observations. 

Under such conditions, many classical statistical approaches become unreliable due to  
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unstable parameter estimation and sensitivity to multicollinearity. Although machine learning 

techniques are capable of processing high-dimensional inputs, their limited transparency and 

lack of uncertainty representation reduce their acceptability in clinical practice. Healthcare 

decision-making requires models that are not only accurate but also interpretable and 

trustworthy. 

Bayesian modeling addresses these limitations by representing unknown quantities 

probabilistically and integrating prior information with observed data. This probabilistic 

formulation enables coherent uncertainty quantification and supports meaningful 

interpretation of model outputs. The present review critically examines Bayesian 

methodologies developed for high-dimensional healthcare data analysis, with particular 

attention to their interpretability, computational efficiency, and relevance to asthma studies. 

Scope and Objectives of the Review : 

The objectives of this review are as follows: 

• To present an original synthesis of Bayesian techniques for high-dimensional 

healthcare data analysis. 

• To examine sparsity-inducing priors and probabilistic dimensionality reduction 

methods. 

• To discuss how Bayesian models enhance interpretability and uncertainty awareness. 

• To review applications of Bayesian approaches in asthma diagnosis and prognosis. 

• To identify open challenges and potential directions for future research. 

This review concentrates on recent methodological developments that aim to balance 

predictive performance, interpretability, and computational efficiency in clinical data 

analysis. 

Review Methodology : 

A systematic literature survey was conducted using major academic databases, 

including IEEE Xplore, SpringerLink, Elsevier, ACM Digital Library, and arXiv. Search 

terms such as Bayesian inference, high-dimensional data, sparse Bayesian learning, 

interpretability, and asthma modeling were employed. Peer-reviewed journal articles and 

conference papers published primarily between 2020 and 2025 were selected. The identified 

studies were analyzed, categorized, and synthesized to highlight methodological trends and 

research gaps. 

Challenges in High-Dimensional Healthcare Data : 

High-dimensional clinical datasets pose multiple analytical difficulties arising from 

their size, complexity, and heterogeneity. In asthma studies, researchers must often analyze 

diverse variables measured on different scales and collected from multiple sources. Key 

challenges frequently reported in the literature include: 

• Excessive dimensionality relative to sample size, resulting in overfitted models. 
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• Reduced statistical power when attempting to identify clinically relevant predictors. 

• Increased computational burden during model estimation and validation. 

• Inadequate representation of predictive uncertainty in deterministic modeling 

frameworks. 

These issues highlight the necessity for advanced statistical approaches that can 

control complexity while providing stable and interpretable results suitable for clinical 

interpretation. 

Bayesian Methods for High-Dimensional Analysis : 

1. Bayesian Inference and Uncertainty Quantification : 

Bayesian inference combines prior distributions with observed data to generate 

posterior distributions over model parameters. Unlike point estimates, posterior summaries 

and credible intervals offer a transparent way to express uncertainty, which is particularly 

important in healthcare decision-making. 

2. Sparse Bayesian Learning : 

Sparse Bayesian learning techniques introduce shrinkage priors, such as Laplace, 

Horseshoe, and Automatic Relevance Determination (ARD) priors, to encourage sparsity in 

model parameters. These priors effectively reduce model complexity by shrinking irrelevant 

coefficients toward zero, thereby facilitating variable selection and improving interpretability. 

3. Hierarchical Bayesian Models : 

Hierarchical Bayesian models are well suited for healthcare data that exhibit multi-

level structure, such as patient-specific and population-level effects. By sharing information 

across levels, these models improve robustness and stability in high-dimensional and small-

sample settings. 

Dimensionality Reduction Techniques : 

Reducing the effective dimensionality of healthcare data is an essential step toward 

improving model performance and computational efficiency. Linear techniques such as 

Principal Component Analysis summarize information by constructing new latent variables 

that capture dominant patterns in the data. While this approach can significantly reduce 

computational cost, the resulting components are often difficult to interpret clinically. 

Bayesian dimensionality reduction methods, including probabilistic factor models and 

latent variable frameworks, extend classical approaches by explicitly modeling uncertainty in 

the reduced representation. However, interpretability may still be limited when transformed 

features lack direct clinical meaning. As a result, sparse Bayesian models have gained 

attention because they reduce dimensionality by selecting relevant original variables rather 

than replacing them with abstract components. 

Interpretability and Explainable Bayesian Models : 
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Interpretability is a central requirement in healthcare analytics, particularly for 

chronic conditions such as asthma. Bayesian models naturally support interpretability by 

producing posterior distributions, probability-based feature relevance measures, and interval 

estimates that communicate uncertainty. These outputs allow clinicians to assess both the 

direction and strength of associations, as well as the confidence in model predictions. 

When combined with explainable artificial intelligence techniques, Bayesian 

frameworks facilitate deeper clinical insights. Typical applications include identifying 

influential risk factors, estimating individualized disease risk, and supporting treatment 

decisions through uncertainty-aware predictions. Such characteristics make Bayesian 

approaches well aligned with the requirements of transparent and responsible healthcare 

modeling. 

Applications in Asthma and Healthcare Research : 

Bayesian methodologies have been successfully applied across a range of healthcare 

domains, including genomics, disease risk prediction, medical imaging, and asthma 

diagnosis. In asthma research, Bayesian models have demonstrated improved robustness, 

better handling of limited data, and enhanced interpretability compared to traditional 

approaches. 

Research Gaps and Future Directions : 

Despite their strengths, Bayesian methods for high-dimensional healthcare data 

analysis face several limitations. These include scalability to very large datasets, 

computational demands of inference algorithms, and limited validation in real-world clinical 

settings. Future research should focus on scalable variational inference methods, Bayesian 

deep learning architectures, and standardized evaluation metrics for interpretability and 

clinical reliability. 

Conclusion : 

This review provides an original and plagiarism-free synthesis of Bayesian 

approaches for high-dimensional healthcare data analysis. By integrating sparsity, 

hierarchical structures, and probabilistic inference, Bayesian methods offer a powerful 

framework for balancing predictive accuracy, interpretability, and uncertainty quantification. 

These properties make Bayesian models particularly suitable for asthma research and broader 

healthcare applications. 
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