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 INTRODUCTION 
 

ArƟficial intelligence (AI) has rapidly become one of the most influenƟal forces shaping 
modern translaƟonal medicine¹. With the explosion of mulƟ-omics data, electronic 
health records, imaging archives, and high-throughput biological assays, AI promises 
an unprecedented ability to decode complex biological systems and uncover clinically 
acƟonable biomarkers². In principle, these tools can accelerate early diagnosis, 
improve risk straƟficaƟon, personalize therapy, and reduce the Ɵme and cost of drug 
discovery³. Yet, despite remarkable progress, the actual translaƟon of AI-derived 
biomarkers into rouƟne clinical pracƟce remains limited⁴. This gap between promise 
and reality reflects mulƟple scienƟfic, technical, ethical, and regulatory challenges that 
must be addressed for AI to fulfil its potenƟal⁵. 
 The promise of AI-driven biomarker discovery is rooted in its power to process 
vast amounts of heterogeneous data genomic, epigenomic, transcriptomic, proteomic, 
metabolomic, clinical, and imaging far beyond the capacity of tradiƟonal biostaƟsƟcal 
approaches⁶. Machine learning and deep learning algorithms can detect subtle, 
nonlinear paƩerns that signal disease onset long before clinical symptoms arise⁷. 
Moreover, network-based models can unravel interacƟons between genes, proteins, 
pathways, and metabolites that drive pathophysiology, offering mechanisƟc insights 
that inform new therapeuƟc targets⁸. This capability is parƟcularly transformaƟve in 
complex diseases such as diabetes, cancer, metabolic syndrome, neurodegeneraƟon, 
and cardiovascular condiƟons, where mulƟlevel dysregulaƟon makes single-marker 
approaches insufficient⁹. 

 
 At a populaƟon level, AI can democraƟze biomarker 
discovery¹⁰. Open-access repositories such as NCBI Gene 
Expression Omnibus (GEO), ArrayExpress, and precision-
medicine datasets generated through federated learning 
plaƞorms allow researchers in developing countries 
including Pakistan to engage in cuƫng-edge biomarker 
science without requiring expensive laboratory 
infrastructure¹¹. AI plaƞorms can even harmonize noisy, 
mulƟ-insƟtuƟonal datasets and overcome batch effects, 
making them invaluable for studying diseases with high 
heterogeneity across populaƟons¹². 
 However, the reality is more complicated. A striking 
proporƟon of AI-idenƟfied biomarkers fail to advance 
beyond computaƟonal discovery due to poor 
reproducibility, lack of external validaƟon, or inability to 
demonstrate added predicƟve value over established 

clinical markers¹³. Many models are trained on small, 
unrepresentaƟve datasets, leading to overfiƫng and 
limited generalizability especially when applied to 
populaƟons with different ethnic, environmental, or 
socioeconomic backgrounds¹⁴. This is parƟcularly relevant 
for South Asian populaƟons, where geneƟc diversity, 
dietary paƩerns, and disease phenotypes differ 
significantly from Western cohorts that dominate public 
datasets¹⁵. 
 Another major constraint is the interpretability 
problem. Deep learning models oŌen behave as “black 
boxes,” providing predicƟons without mechanisƟc 
explanaƟons¹². Clinicians and regulatory bodies remain 
hesitant to adopt such opaque systems in decision-making. 
Furthermore, integraƟng AI workflows into real-world 
clinical seƫngs requires standardized data pipelines, 
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regulatory frameworks, skilled personnel, and robust 
QA/QC procedures elements that many healthcare systems 
lack¹⁰. 
 Ethical and privacy concerns also limit progress. MulƟ-
omics datasets are sensiƟve and require stringent 
protecƟons, while biases embedded in AI algorithms risk 
perpetuaƟng inequiƟes¹³. Without transparent model 
design, diverse training cohorts, and rigorous fairness 
evaluaƟon, AI-derived biomarkers may inadvertently 
disadvantage certain paƟent groups¹⁴. 
 Despite these realiƟes, the field is progressing rapidly. 
Hybrid approaches that combine wet-lab validaƟon with 
network-based AI predicƟon, improved model 
interpretability, and the rise of explainable AI (XAI) are 
narrowing the translaƟonal gap¹¹. Increasingly, biomarker 
discovery pipelines integrate differenƟal gene expression, 
co-expression networks, protein–protein interacƟon 
mapping, machine learning signatures, molecular docking, 
ADMET profiling, and in-vitro validaƟon producing more 
robust, biologically grounded candidates¹². 
 What is needed now is a shiŌ from hype to 
responsible implementaƟon. This means prioriƟzing large, 
diverse datasets; standardizing workflows; enforcing mulƟ-
step validaƟon; and fostering collaboraƟon between 
computaƟonal scienƟsts, clinicians, biochemists, and 
molecular biologists¹⁴. Pakistan’s rapidly growing 
biomedical research community, anchored by terƟary 
hospitals and molecular laboratories, is well-posiƟoned to 
contribute meaningfully to this transiƟon especially in 
fields such as metabolic syndrome, cardiovascular disease, 
infecƟous disease resistance, and oncology¹⁵. 
 In conclusion, AI-driven biomarker discovery 
embodies extraordinary potenƟal but faces equally 
significant pracƟcal limitaƟons¹. The future of translaƟonal 
medicine depends not on replacing tradiƟonal science with 
AI, but on integraƟng AI as a powerful partner one that 
requires rigorous oversight, mulƟdisciplinary collaboraƟon, 
and conƟnuous validaƟon². With responsible development, 
AI can transform biomarker discovery from a promising 
vision into a clinical reality that improves paƟent outcomes 
worldwide³. 
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