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ABSTRACT: Adverse drug events (ADEs), particularly those associated with drug-drug interactions (DDIs), represent a major and 

preventable burden on global healthcare systems. Traditional DDI detection methods, which rely heavily on static databases and 

human monitoring, are increasingly insufficient given the complexity of modern pharmacotherapy. Artificial intelligence (AI), 

especially machine learning (ML) and natural language processing (NLP), has emerged as a transformative solution for predicting, 

detecting, and managing DDIs. AI systems can integrate data from electronic health records (EHRs), biomedical literature, 

pharmacogenomic profiles, and clinical notes to provide more accurate and patient-specific risk assessments. This article examines 

the role of AI in enhancing patient safety, strengthening clinical decision support systems (CDSS), enabling personalized medicine, 

and improving healthcare efficiency. The study also discusses implementation challenges related to data quality, interpretability, 

ethics, and clinical integration. Overall, AI-driven DDI prevention systems have significant potential to reduce adverse drug events 

and improve healthcare quality and sustainability. 
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1. INTRODUCTION 

Drug-related harm remains a major challenge for healthcare systems worldwide (Bates et al., 2022). Adverse drug events (ADEs) 

contribute substantially to hospital admissions, prolonged hospital stays, and increased healthcare costs. Among these events, drug-

drug interactions (DDIs) are particularly concerning because many are predictable and preventable. Conventional DDI prevention 

methods, including rule-based screening systems and pharmacist-led reviews, often generate excessive alerts and lack patient-

specific contextual understanding, resulting in alert fatigue among clinicians (Zheng et al., 2021). Artificial intelligence (AI) offers 

a significant advancement in DDI prevention (Reis et al., 2025; Salehi, 2025). Through machine learning (ML), deep learning (DL), 

and natural language processing (NLP), AI systems can analyze large-scale healthcare datasets and identify complex interaction 

patterns more effectively than traditional methods (Sharmila & Chandra, 2024). AI-driven systems can integrate structured 

information such as laboratory results and prescription records with unstructured sources, including clinical notes and biomedical 

literature (Salehi, 2024). This integration enables more accurate prediction and management of DDIs while supporting safer and 

more personalized healthcare delivery.  

Recent studies have highlighted the growing role of AI in pharmacovigilance, medication safety, and clinical decision-making. AI-

based models can improve clinical workflows, reduce preventable adverse outcomes, and support evidence-based prescribing 

practices. Therefore, integrating AI into DDI prevention systems has become increasingly important for improving healthcare 

quality, patient safety, and operational efficiency. 

 

2. LITERATURE REVIEW 

Traditional Approaches and Their Limitations 

Conventional DDI management primarily relies on rule-based clinical decision support systems (CDSS) embedded within EHR 

platforms. These systems generate alerts based on predefined rules derived from drug interaction databases. Although such systems 
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are valuable, they frequently produce false-positive alerts, which contribute to alert fatigue and reduced clinician responsiveness 

(Nanji et al., 2018). In addition, traditional systems often fail to account for patient-specific characteristics such as genetics, 

comorbidities, and organ function. 

AI Methodologies in DDI Prediction and Discovery 

AI approaches to DDI prevention can be divided into prediction and discovery applications. Supervised ML models trained on EHR 

data can predict clinically significant DDIs by analyzing demographic information, medication histories, laboratory values, and 

genetic markers (Dalianis et al., 2020; Ogbuagu et al., 2023). Advanced algorithms such as Random Forests, Gradient Boosting, 

and Deep Neural Networks can identify complex nonlinear relationships and generate patient-specific risk scores.  

Natural language processing techniques are increasingly used to extract DDI-related information from biomedical publications, 

clinical reports, and adverse event databases (Percha et al., 2019). Knowledge graph approaches further enhance DDI discovery by 

identifying hidden relationships among drugs, biological pathways, and side effects (Zitnik et al., 2018). Additionally, deep learning 

models can predict DDIs based on molecular structures and biochemical mechanisms. 

Impact on Healthcare Quality Dimensions 

AI-driven DDI prevention contributes to multiple dimensions of healthcare quality (Sutton et al., 2020). Improved alert accuracy 

enhances patient safety by reducing medication-related errors. Personalized medication management increases treatment 

effectiveness and minimizes toxicity risks (Huser & Cimino, 2019). Automated screening processes improve operational efficiency 

by reducing the workload associated with medication reviews (Liao 2025; Salehi, 2022). Furthermore, real-time AI-supported 

prescribing systems enhance timeliness and support patient-centered care. 

 

3. FRAMEWORK 

This study proposes an integrated conceptual framework to explain how artificial intelligence (AI) enhances drug-drug interaction 

(DDI) prevention and, consequently, improves healthcare quality. The framework is structured across five interconnected layers: 

data inputs, AI processing mechanisms, functional outputs, clinical integration, and healthcare outcomes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inputs (Data Layer) 

Electronic Health Records (EHRs) 
Biomedical Literature 

Pharmacogenomic Data 
Drug Databases 

Real-world evidence (clinical notes) 
 

AI Processing Layer 
 (Core Engine) 

Machine Learning models (prediction) 
Deep Learning (pattern recognition) 

Natural Language Processing (literature mining) 
Knowledge Graphs (relationship inference) 

Functional Outputs  
(System Capabilities) 

DDI Risk Prediction (patient-specific) 
Novel DDI Discovery 

Intelligent Clinical Decision Support 
Alert Optimization (reducing alert fatigue) 

Clinical Integration Layer 
EHR-embedded CDSS 

Real-time prescribing support 
Pharmacist & clinician workflows 

Healthcare Quality Outcomes  
Patient Safety 

Clinical Effectiveness 
Operational Efficiency 

Timeliness of Care 
Patient-Centered Care 
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4. DISCUSSION 

Despite its advantages, AI implementation in DDI prevention faces several challenges. The effectiveness of AI systems depends 

heavily on the quality, completeness, and representativeness of training data. Inaccurate or biased datasets may negatively affect 

model performance and healthcare equity. Another major challenge involves the limited interpretability of some advanced AI 

models, particularly deep learning systems (Holzinger et al., 2022). Clinicians may hesitate to trust recommendations without 

understanding the rationale behind them, highlighting the importance of explainable AI (XAI). Clinical integration also remains a 

complex issue. AI tools must be integrated seamlessly into healthcare workflows and EHR systems without increasing clinician 

burden. Ethical concerns related to data privacy, accountability, and regulatory oversight must also be addressed. Regulatory 

agencies continue to develop frameworks for evaluating AI-based software in clinical settings, but adaptive AI technologies still 

present ongoing challenges. 

 

5. CONCLUSION 

Artificial intelligence is transforming the prevention and management of drug-drug interactions by shifting healthcare systems from 

reactive approaches toward predictive and personalized care models. AI-driven systems improve patient safety, optimize clinical 

decision-making, and enhance healthcare efficiency through advanced data analysis and intelligent clinical support. However, the 

successful implementation of AI technologies requires addressing challenges related to data quality, transparency, ethics, and clinical 

workflow integration. Future research should focus on large-scale clinical validation studies, standardized evaluation frameworks, 

and the development of ethical governance models for AI applications in healthcare. With continued interdisciplinary collaboration 

among clinicians, researchers, policymakers, and data scientists, AI has the potential to become an essential component of safe, 

effective, and patient-centered healthcare delivery. 
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