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ABSTRACT

Pulmonarydiseases such as asthma, chronic obstructive pulmonary disease (COPD),
interstitial lung disease, and pulmonary fibrosis present significant diagnostic and
therapeutic challenges due to their clinical heterogeneity and complex pathophysi-
ology. The rise of artificial intelligence (Al) and machine learning (ML) has ushered
in a new era in respiratory medicine, enabling the integration and interpretation of
vast, multimodal datasets—from imaging and spirometry to genomics and wearable
sensor data. The chapter is a complete update of the changes that AI and ML are
causing to the analysis of the respiratory data. It covers the principles and appli-
cations of the concept of machine learning, sophisticated deep learning algorithms
in both imaging data and time-series data, and tools to integrate multiple omics
and phenotype.

INTRODUCTION: THE AI-DRIVEN PARADIGM
SHIFT IN PULMONOLOGY

Pulmonary diseases, including asthma, chronic obstructive pulmonary disease,
interstitial lung diseases (ILDs), pulmonary fibrosis, and acute respiratory infections,
continue to impose a heavy clinical and societal burden worldwide. These condi-
tions tend to be heterogeneous in nature in terms of pathogenesis, prognosis, and
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treatment response and, thus, are difficult to diagnose and manage. Conventional
strategies in pulmonary medicine, which depend on manual analysis of spirometry
plots, two-dimensional images, and basic molecular profiling, are being upended
by the rising tide of biomedical data in both clinical and research environments
(Stolz et al. 2022).

In recent years, the landscape of respiratory research has undergone a seismic
transformation due to advances in artificial intelligence and machine learning. Such
technologies provide potent means of deriving meaningful patterns in the high-
dimensional, multimodal data which could not be interpreted easily and obviously
using traditional statistics. Moving beyond automated radiological anomaly detection
in chest imaging, Al is transforming what can be done in respiratory diagnostics and
precision medicine by leveraging multidimensional data, such as the integration of
genetic and physiological data toward disease phenotyping (MacLeod et al. 2021).

The arrival of Al in pulmonology has a number of factors that have converged
together. On the one hand, along with the digitization of healthcare systems, vast
amounts of data have been collected viaelectronic health records (EHRs) and imaging
datasets as well as streaming physiological data in wearable devices. Second, due
to the emergence of multi-omic technologies, including genomics, transcriptomics,
and proteomics, researchers now have access and can investigate the molecular ba-
sis of respiratory diseases to unprecedented depth. Third, the development of new
computational technologies in the form of machine learning algorithms, particularly
the deep learning systems, have opened up new possibilities in pattern recognition,
detecting anomalies, and making a prediction (Zhang et al. 2023).

These trends have combined to transform respiratory research to the data-rich
paradigm and the need to establish new frames of computation to process, integrate,
and interpret all sorts of data. The transfer of research data to clinical data is be-
coming more and more accessible using such models based on artificial intelligence
as recurrent neural networks, convolutional neural networks, or the integration of
genomic signals and clinical parameters.

The chapter examines the existing and new uses of Al and ML in analysis of
respiratory information, and how it is leading the way in the future of pulmonary
bioinformatics. Upon considering supervised and unsupervised learning paradigmes,
deep learning strategies, and multi-omics data integration methods, the chapter hopes
to clarify how Al technology can unravel new details about the processes involved
with respiratory diseases, enhance a proper diagnostic, and personalize treatment.

In addition to technical considerations, applying Al to respiratory medicine also
poses questions related to interpretability of models, the quality of the accompany-
ing data, and ethical application in a clinical practice. As Al is increasingly used in
healthcare decision-making processes, it is imperative to consider bias, transparency
and patient privacy concerns. The idea is not to actually replace human expertise,
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