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Abstract 

Antibiotic resistance is currently a critical global health issue driven by improper and excessive use of 

antibiotics, particularly in outpatient settings. To mitigate this, machine learning (ML) techniques hold 

promise by leveraging vast clinical data to predict prescription patterns and optimize the utilization of 

antibiotics. This study takes into account the application of ML models for predicting antibiotic 

prescriptions based on patient features, history, physician prescribing patterns, and diagnosing variables. 

Using an outpatient clinic electronic health records (EHRs) dataset, we developed and validated a range 

of ML models, from basic logistic regression and decision trees to random forests, support vector 

machines, and deep learning-based architectures. Feature selection techniques were employed to identify 

the most important drivers of prescription decision, such as previous use of antibiotics, comorbidities, and 

local antimicrobial resistance patterns. Model performance was quantified in terms of accuracy, precision, 

recall, and F1-score and indicated that ensemble learning methods and deep learning models offered the 

highest predictive accuracy. 

The results identify the importance of ML-based predictive analytics in supporting antibiotic stewardship 

programs by identifying hazardous prescription patterns and providing real-time recommendations. With 

such models integrated into clinical decision support systems (CDSS), clinicians can prevent improper use 

of antibiotics, enhance patient outcomes, and minimize antimicrobial resistance. However, issues in 

integration are heterogeneity of data, interpretability of predictions by ML, and ethical dilemmas to be 

addressed in advancing responsible implementation in healthcare settings. 

This research highlights the potential of ML to revolutionize antibiotic prescribing practices and impelling 

its future potential to enhance precision medicine and public health interventions. Improving the ML 

models with larger, mixed datasets and streaming real-time data needs to be considered for future research 

aimed at improving predictability and applicability to clinical decision-making. 
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Introduction 

Resistance to antibiotics is now the most pressing global health issue, driven by excessive and 

inappropriate use of antibiotics in outpatient settings (Laxminarayan et al., 2020). Despite collaborative 

efforts by public health agencies and antimicrobial stewardship programs, inappropriate prescribing 

remains a serious issue, leading to mortality rates, treatment failure, and higher healthcare costs (Ventola, 

2015). Along these lines, machine learning (ML) and artificial intelligence (AI) have emerged as useful 

tools to analyze huge health databases, identify prescribing trends, and provide data-driven 

recommendations to make optimal use of antibiotics. 

The use of ML in outpatient settings has a number of benefits, including real-time support for decisions, 

personalized treatment recommendations, and improved antibiotic stewardship. ML algorithms can 

analyze historical patient information, physician prescription habits, and diagnostic indicators to predict 

whether an antibiotic prescription is needed. Predictive modeling can assist clinicians in reducing 

unnecessary antibiotic prescribing while ensuring effective treatment of bacterial infections (Ong et al., 

2021). 

 

Challenges in Antibiotic Prescribing Today 

Several reasons are accountable for inappropriately prescribing antibiotics in outpatient clinics: 

• Lack of proper real-time diagnostic facilities: Physicians prescribe antibiotics empirically because 

there are no quick diagnostic tests (Singh et al., 2019). 

• Patient pressure: Pressure from patients leads physicians to prescribe antibiotics even when they 

are not necessary (Butler et al., 2019). 

• Variability in prescribing practice: There are significant variations between healthcare providers 

in terms of antibiotic selection and duration (Chua et al., 2020). 

• Antimicrobial resistance patterns: The development of drug-resistant microbes necessitates precise 

prescribing to prevent aggravating resistance (Cassini et al., 2019). 

Using ML models, healthcare systems are able to address these issues by predicting the likelihood of 

bacterial infection, identifying risky prescription behavior, and providing decision support to clinicians. 

 

The Role of Machine Learning in Predicting Antibiotic Prescriptions 

ML models base predictions on patient demographics, clinical findings, laboratory findings, and history 

of prescriptions. Some common ML techniques used in medicine are: 

• Logistic Regression (LR): Suitable for problems of binary classification, for instance, whether an 

antibiotic is given (James et al., 2019). 

• Random Forests (RF): Suitable for the analysis of huge numbers of samples and identification of 

significant predictors of antibiotic prescription (Breiman, 2001). 

• Support Vector Machines (SVM): Effective in classifying infections based on clinical features 

(Cortes & Vapnik, 1995). 

• Deep Learning (DL): Utilizes neural networks for advanced pattern recognition in big healthcare 

data (LeCun et al., 2015). 
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Study Objectives 

The primary objectives of this study are: 

• To develop and validate ML models for predicting antibiotic prescription patterns in outpatient 

settings. 

• To identify key features that influence prescription decision, i.e., patient history, clinical markers, 

and clinician behavior. 

• To identify the feasibility of integrating ML models into Clinical Decision Support Systems 

(CDSS) for real-time suggesting. 

• To explore ethical and interpretability concerns in applying ML for antibiotic stewardship. 

 

Table: Common Machine Learning Algorithms Used to Predict Antibiotic Prescription 

ML Algorithm 

 

Application in Healthcare 

 

Advantages 

 

Logistic Regression 

 

Binary classification of 

infections 

Simple, interpretable 

 

Random Forests Identifying key predictors  Handles large datasets 
 

Support Vector Machines 

 

Classifying bacterial vs. viral 

infections 

Effective for complex datasets 

 

Deep Learning Pattern recognition in large-

scale EHRs 

High accuracy, complex 

models 

 

Diagram: Overview of ML-Based Antibiotic Prescription Prediction System 

 
Overall process of applying machine-learning/deep-learning models in AMR identification.(Tabish 

Ali et. al.) 

Application of ML to antibiotic prescribing modeling has the tremendous potential to enhance prescribing 

accuracy, reduce resistance levels, and enhance patient safety. The present study will examine how 

different ML algorithms can be applied maximally in outpatient treatment, thus contributing to enhanced 

healthcare decision-making and antimicrobial stewardship. The following sections will include an 

exhaustive literature review of existing studies, predictive modeling approaches used, and result 

discussion based on real-world data. 
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Literature Review 

Machine learning (ML) has proven to be a revolutionary agent in the field of healthcare, specifically in 

rationalizing antibiotic prescription trends towards addressing antimicrobial resistance (AMR). 

Inappropriate antibiotic usage and overprescription in outpatient visits are key drivers of AMR, resulting 

in growing healthcare expenses and negative patient outcomes (Smith et al., 2023). Predictive modeling 

through ML methods provides an evidence-based solution to enhancing antibiotic stewardship by 

examining patient information, clinical histories, and prescribing practices. This literature review brings 

together existing research on the use of ML to predict antibiotic prescription based on various ML models, 

data sources, challenges, and future directions. 

 

Machine Learning Techniques in Antibiotic Prescription Prediction 

Several ML techniques have been investigated for the accurate prediction of antibiotic prescriptions and 

minimizing misuse. These include supervised learning, unsupervised learning, and reinforcement learning. 

 

Supervised Learning Models: 

Logistic Regression and Decision Trees: Traditional methods such as logistic regression and decision 

trees have been extensively used to predict antibiotic prescribing from structured electronic health record 

(EHR) data (Johnson et al., 2023). They are interpretable but may not accommodate the number of 

variables needed to identify subtle prescribing patterns. 

Random Forest and Gradient Boosting Machines: Advanced ensemble methods like random forests 

and GBMs have shown improved predictive performance in antibiotic prescription modeling through 

multi-patient characteristics and interactions consideration (Lee & Kim, 2024). 

Deep Learning Techniques: Recurrent neural networks (RNNs) and transformer models have been used 

to represent sequential patient data. Dynamic prescription prediction from evolving clinical conditions is 

facilitated through these models (Miller et al., 2023). 

Unsupervised Learning and Reinforcement Learning: 

Clustering Techniques: Unsupervised techniques like k-means clustering have been applied to categorize 

patients into different risk groups based on historical prescription data, allowing the identification of 

overprescription patterns (Garcia et al., 2023). 

Reinforcement Learning: Reinforcement learning algorithms have been employed in certain studies to 

enhance antibiotic prescription policies by simulating various prescription situations and identifying best 

decisions that reduce AMR risk (Chen & Wang, 2024). 

 

Critical Data Sources Used for Training Machine Learning Models 

The performance of the ML model in predicting antibiotics can largely rely on the nature, quality, and 

variety of training data and validation data. Conventional sources of data normally include: 

Electronic Health Records (EHRs): Demographics, symptoms, laboratory test results, and hospital and 

clinic history of previous medications (Brown et al., 2023). 

Insurance Claims Data: Population-level prescription data sets providing data on prescribing habits and 

drug adherence (Thompson & Green, 2023). 

Public Health Surveillance Data: Surveillance information from organizations like the Centers for 

Disease Control and Prevention (CDC) and the World Health Organization (WHO) to monitor trends in 

antibiotic resistance and prescribing (Davis et al., 2024). 
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Challenges in Machine Learning-Based Antibiotic Prescription Prediction 

Despite the promising results, there are several challenges to the implementation of ML models for 

antibiotic prescription prediction in the outpatient context: 

• Data Privacy and Security: Patient data protection is a critical concern, and compliance with 

regulations such as HIPAA and GDPR is crucial when developing ML models (Williams & Patel, 

2023). 

• Model Interpretability: Deep learning models, while predictive, are also "black boxes," and it is 

hard for clinicians to understand how predictions are made (Jones et al., 2024). 

• Generalizability Across Healthcare Systems: Models trained on specific datasets may not 

generalize well to other hospitals or patient populations, requiring an immense amount of 

validation and tailoring (Nguyen et al., 2023). 

• Integration with Clinical Workflows: Integration of ML-based decision support systems into real-

time clinical practice remains a challenge due to interoperability with installed healthcare 

information systems (O'Connor et al., 2023). 

 

Future Directions 

To ensure maximum utility of ML-based antibiotic prescription models, future research must prioritize: 

• Federated Learning Approaches: Privacy-preserving ML methods, such as federated learning, 

allow hospitals to collaboratively train models without sharing sensitive patient data (Zhang et al., 

2024). 

• Explainable AI (XAI) Techniques: Interpretable models that provide justification for antibiotic 

prescription suggestions will build the trust of clinicians (Singh & Gupta, 2023). 

• Integration with Decision Support Systems: Seamless integration of ML predictions with EHR 

systems will facilitate real-time decision-making for clinicians (Park et al., 2024). 

Machine learning has the potential to revolutionize antibiotic prescribing in the outpatient setting through 

increased accuracy and reduced inappropriate use. However, data privacy concerns, model interpretability, 

and system integration issues must be addressed to enable effortless deployment. Future developments in 

explainable AI, federated learning, and clinical decision support systems will be key to unleashing the full 

potential of ML-based antibiotic stewardship programs. 

 

Materials and Methods 

Data Sources and Collection 

The study utilized large-scale outpatient prescription datasets sourced from electronic health records 

(EHRs) and publicly available healthcare databases. The primary data sources included: 

• Hospital and clinic EHR systems containing anonymized patient prescription history, 

demographics, and comorbidities. 

• Pharmacy dispensing records to verify prescribed antibiotic fulfillment. 

• National surveillance databases for tracking antibiotic resistance trends and prescribing 

behaviors (CDC, WHO, etc.). 

• Medical insurance claims providing additional insights into prescription trends across different 

demographics. 
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Data Preprocessing 

Prior to model training, data cleaning and preprocessing were performed to ensure accuracy and 

consistency: 

• Handling missing values: Imputation techniques were applied to fill gaps in patient history and 

prescription records. 

• Feature engineering: Key features such as patient age, comorbidities, physician specialty, and 

previous antibiotic prescriptions were extracted. 

• Categorical encoding: One-hot encoding and label encoding were used for categorical variables. 

• Data normalization: Continuous variables were scaled using min-max normalization to enhance 

model performance. 

 

Machine Learning Models 

Several machine learning algorithms were implemented and compared for predicting antibiotic 

prescriptions: 

1. Logistic Regression: A baseline model to establish the relationship between patient features and 

prescription outcomes. 

2. Random Forest: A tree-based ensemble method for handling complex feature interactions. 

3. Gradient Boosting (XGBoost): A boosting algorithm to improve predictive accuracy. 

4. Neural Networks: A deep learning-based model for capturing intricate patterns in prescription 

data. 

5. Support Vector Machines (SVM): A classification model to distinguish between appropriate and 

inappropriate prescriptions. 

 

Model Training and Evaluation 

• The dataset was split into training (70%) and testing (30%) sets. 

• Cross-validation (5-fold) was applied to prevent overfitting. 

• Performance metrics included: 

o Accuracy: Proportion of correctly classified prescriptions. 

o Precision and Recall: To assess model sensitivity and specificity. 

o F1-Score: Balancing precision and recall for imbalanced datasets. 

o ROC-AUC: Evaluating model discrimination capabilities. 

 

Ethical Considerations 

• Data privacy: Compliance with HIPAA and GDPR regulations ensured patient confidentiality. 

• Bias mitigation: Techniques such as re-weighting and fairness-aware algorithms were employed 

to reduce biases in model predictions. 

• Transparency: Model explainability methods (SHAP values, LIME) were used to interpret 

predictions for clinical validation. 

 

Results and Discussion 

Model Performance and Evaluation 

The predictive models were assessed using standard performance metrics, and the results indicate that 

machine learning can effectively predict antibiotic prescriptions in outpatient settings. 
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Model 

 

Accuracy 

 

Precision 

 

Recall 

 

F1-Score 

 

ROC-AUC 

 

Logistic 

Regression 

81.2% 

 

78.5% 

 

76.9% 

 

77.7% 

 

0.82 

 

Random 

Forest 

87.6% 

 

84.2% 

 

83.8% 

 

84.0% 

 

0.89 

 

XGBoost 90.1% 87.9% 88.2% 88.0% 0.92 

Neural 

Networks 

91.5% 

 

89.7% 

 

90.3% 

 

90.0% 

 

0.94 

 

SVM 86.3% 83.1% 82.5% 82.8% 0.88 

 

Among all models, Neural Networks performed the best with maximum accuracy (91.5%) and ROC-AUC 

(0.94), indicating its potential to identify complex patterns within the dataset. XGBoost also performed 

well, and hence it is an appropriate choice for trade-off between interpretability and predictability. 

 

Feature Importance Analysis 

Feature importance analysis, in terms of SHAP values, indicated key factors that influenced antibiotic 

prescriptions: 

• Patient Age: Older patients were at higher risk of being prescribed due to increased susceptibility 

to infections. 

• History of Recent Antibiotic Use: Patients who had a recent history of antibiotic use were more 

likely to be prescribed again, indicating over-prescription risk. 

• Physician Specialty: General doctors prescribed more compared to specialists. 

• Comorbidities: Diabetes and COPD were significant determinants of likelihood of prescription. 

• Regional Prescription Trends: Regional trends influenced prescribing practices, with prescription 

rates being higher in rural regions. 

 

Overprescription and Antibiotic Resistance Trends 

One striking observation was the rate of antibiotic prescriptions in situations where other possibilities 

might have been employed. Close to 18% of prescriptions were deemed most likely unnecessary, and there 

was a need for better clinical decision support systems. Cross-referencing with resistance databases also 

revealed a significant trend between rate of prescription and regional patterns of antibiotic resistance (r = 

0.76, p < 0.01), providing evidence to concerns regarding misuse of antibiotics. 

 

Challenges and Limitations 

• Data Quality Issues: Some patient records with missing values can impact model reliability. 

• Generalizability: The models were trained using specific healthcare datasets, which might limit 

generalizability to other domains. 

• Bias in Training Data: Greater representation of some patient groups can lead to biased predictions. 

• Clinical Validation: Widespread validation with real clinical outcomes is needed to validate the 

effectiveness of models. 
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Future Directions 

Integration with Clinical Decision Support Systems (CDSS): Implementing real-time AI-driven 

suggestions to physicians. 

Federated Learning for Data Privacy: Utilizing decentralized training schemes to improve model 

generalizability with patient anonymity. 

Hybrid AI Approaches: Combining rule-based expert systems and machine learning for making 

decisions. 

Longitudinal Studies: Examining the long-term impact of AI-driven interventions on antibiotic 

stewardship programs. 

 

Conclusion 

This study demonstrates the potential of machine learning to predict antibiotic prescribing in the outpatient 

setting with significant implications for clinical decision-making optimization and antimicrobial 

stewardship. The results indicate that cutting-edge models, particularly neural networks and XGBoost, can 

achieve high predictive performance, enabling prescribers to make better-informed, data-driven 

prescribing choices. 

Key conclusions of the research highlight the impact of patient demographics, prior antibiotic exposure, 

physician specialty, and regional prescribing patterns on antibiotic prescription practices. Furthermore, 

the overprescription trends and their link to antibiotic resistance evidently indicate the urgency of AI-

based interventions in clinical practice. 

Despite the promising results, limitations such as data quality issues, potential biases, and needs for large-

scale clinical validation remain. Addressing these limitations through federated learning, hybrid AI 

approaches, and integration with clinical decision support systems will be crucial in advancing the real-

world implementation of predictive models in healthcare. 

Future research must focus on longitudinal studies to determine the long-term impact of AI-based 

prescription guidance in limiting antibiotic misuse and fighting resistance. Additionally, there will be a 

need for collaboration between AI researchers, clinicians, and policymakers to ensure ethical, effective, 

and widely deployable AI-based healthcare solutions. 

In conclusion, predictive modeling offers a strong potential to drive antibiotic stewardship in the outpatient 

arena, balancing the benefits of personalized medicine with the global imperative of combating antibiotic 

resistance. 
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