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Abstract—Machine learning (ML), a subfield of artificial 

intelligence (AI), is transforming the landscape of 

pharmacy and health care. By leveraging large datasets 

and sophisticated algorithms, ML enables improved 

decision-making, enhances patient outcomes, accelerates 

drug discovery, and optimizes operational efficiency. 

From drug discovery to personalized medicine and 

clinical decision support, ML offers enhanced data-

driven capabilities. In other words, the learning model 

learns based on samples, whereas explicit programming 

follows rules or a limited hypothesis. ML improves 

efficiency and reliability and reduces costs in 

computational processes. Moreover, it can accurately 

and rapidly generate models through data analysis. 

Machine learning presents tools that can process a large 

amount of data, the volume of which is far beyond human 

understanding. This review explores the current 

applications of ML in pharmacy and healthcare 

highlighting its potential, challenges, and future 

directions. 

 

Index Terms—Machine Learning, Pharmaceuticals, 

Artificial Intelligence, Healthcare 

 
I INTRODUCTION 

 

Health care is experiencing a paradigm shift driven by 

digital technologies. Among these, machine learning 

stands out for its ability to analyze complex datasets to 

extract meaningful insights. In pharmacy and broader 

health care practices, ML tools support everything 

from personalized medicine to fraud detection. 

Pharmacy is undergoing a digital transformation with 

the integration of machine learning (ML) 

technologies. The increasing availability of large 

datasets, such as electronic health records (EHRs) and 

omics data, has enabled ML to become a cornerstone 

in pharmaceutical innovation and practice. ML 

algorithms can learn from these datasets to identify 

patterns, predict outcomes, and assist in clinical 

decision-making. 

Machine learning is an application of artificial 

intelligence (AI) that essentially teaches a computer 

program or algorithm the ability to automatically 

learn a task and improve from experience without 

being explicitly programmed. It focuses on the 

development of computer programs that can access 

data and use it learn for themselves. Programmers 

need to examine and code accordingly so that a system 

can independently perform iterative improvements. 

Most commonly, there are three types 

of ML; Unsupervised Learning, Supervised Learning 

and Reinforcement Learning. [1] 

Typically, the ML Process consists of: 

1. Gathering data from various sources 

2. Cleaning data to have homogeneity 

3. Selection of right ML algorithm model building 

4. Gaining insights from the model’s results 

5. Transforming results into visual graphs 

 

Types of machine learning:  

There are basically three distinct categories of 

machine learning. These are  

 

1. Supervised learning When the data consists of input 

variables and output target values, supervised learning 

is used. The algorithm learns how to translate the input 

function to the output function. The goal is to establish 

the risk generator and to seek trials in clinic 

optimization.  

 

2. Unsupervised learning This is the inverse of 

supervised learning. This means unsupervised learning 

is used when the data is only accessible as an input and 

there is no corresponding output variable. Clustering 

is one of the most common types of unsupervised 

algorithms. This technique discovers intrinsic groups 

in data and then uses them to predict output for 

unknown inputs. Predicting customer purchase 

behavior is an example of this strategy.  

 

3. Reinforcement learning It is similar to the 

unsupervised learning method. It is the Machine 
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Learning instruction to build a decision order. A game-

like situation is presented to an artificial intelligence.  

Examples: Teaching agents to play computer games, 

doing robotic tasks with a specific objective in mind. 

[2,3] 

 

II APPLICATIONS IN PHARMACY 

 

1. Drug Discovery and Development 

Traditional drug discovery is time-consuming and 

expensive. ML algorithms can identify potential drug 

candidates, predict molecular behavior, and simulate 

clinical trials. 

• Techniques such as deep learning and support 

vector machines are used to analyze large 

molecular datasets and predict bioactivity [4]. ML 

also aids in virtual screening, reducing time and 

costs associated with laboratory testing. Deep 

learning models predict drug-target interactions 

and pharmacokinetics [5]. 

• ML reduces the timeline of drug development by 

identifying promising compounds early in the 

pipeline. [6] 

 

2. Drug Repurposing 

ML models analyze existing drug databases to find 

new therapeutic uses for approved drugs. This is 

especially relevant during health crises such as the 

COVID-19 pandemic. For example, deep learning 

approaches have been used to identify potential 

antiviral compounds against SARS-CoV-2 [7]. 

 

3. Pharmacovigilance 

ML enhances the detection of adverse drug reactions 

(ADRs) by mining electronic health records (EHRs) 

and social media data. 

• Natural language processing (NLP) algorithms 

extract drug-event relationships from clinical 

notes [8]. 

 

4. Personalized Medicine 

By analyzing genetic, lifestyle, and environmental 

factors, ML facilitates individualized therapy. 

• Predictive models determine the most effective 

medication with the least side effects for a 

particular patient [9]. 

 

5. Clinical Decision Support System (CDSS) 

• ML enhances clinical decision-making by 

predicting disease progression and suggesting 

pharmacological interventions. Tools based on 

ML can recommend the best course of treatment 

and alert pharmacists to potential drug 

interactions or contraindications [10]. 

• ML augments CDSS by providing real-time 

recommendations based on patient data. These 

systems assist in diagnosing diseases such as 

diabetes, cancer, and cardiovascular conditions 

[11]. 

 

6. Medical Imaging and Diagnostics 

ML is highly effective in image analysis and pattern 

recognition, outperforming humans in some tasks. 

• Convolutional neural networks (CNNs) identify 

tumors and abnormalities in radiology images 

with high accuracy [12]. 

 

7. Predictive Analytics 

ML models forecast patient outcomes, hospital 

readmission risks, and disease outbreaks. Predictive 

algorithms support population health management and 

resource allocation [13]. 

 

8. Remote Patient Monitoring 

Wearable devices integrated with ML algorithms 

monitor vital signs and detect anomalies. This real-

time data facilitates timely intervention and reduces 

hospital visits [14]. 

ML augments CDSS by providing real-time 

recommendations based on patient data. 

• These systems assist in diagnosing diseases such 

as diabetes, cancer, and cardiovascular conditions 

[15]. 

 

III CHALLENGES AND ETHICAL 

CONSIDERATIONS 

 

Despite its promise, ML in health care faces 

challenges: 

• Data Privacy: Handling sensitive health data 

requires compliance with regulations like HIPAA 

and GDPR. 

• Bias and Fairness: ML models can inherit biases 

present in training data, potentially leading to 

health disparities [16]. 

• Interpretability: Black-box models are often 

difficult for clinicians to trust and 

understand.[17,18] 

 

IV FUTURE DIRECTIONS 

 

The future of ML in pharmacy and health care lies in: 
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• Explainable AI (XAI): Enhancing transparency of 

model decisions. 

• Federated Learning: Training models on decentralized 

data to preserve privacy. 

• Integration with Electronic Health Systems: Seamless 

interoperability to support clinical workflows. 

 

V CONCLUSION 

 

Machine learning is not merely a tool but a 

transformative force in pharmacy and health care. By 

harnessing the power of data, ML empowers clinicians 

and pharmacists to deliver more effective, efficient, 

and personalized care. Addressing ethical and practical 

challenges will be crucial for its sustained integration 

and impact.  

 

Fig. 1. Machine learning in pharmaceutical industry 

 

Fig. 2. Machine learning in Health care 
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