
Dixit et al.                                       World Journal of Engineering Research and Technology 

  

 

 
 

www.wjert.org                         ISO 9001: 2015 Certified Journal       

 

140 

 

 

 

 

 

SMART PHARMACEUTICS: INTEGRATING ARTIFICIAL 

INTELLIGENCE, IOT, AND CYBERSECURITY FOR NEXT-

GENERATION DRUG DELIVERY SYSTEMS 

 
1
*Dr. Naveen Datt Dixit, 

2
Dr. Sayed Athar Ali Hashmi 

 
1
Professor, Shri Rawatpura Sarkar Institute of Pharmacy, Datia, Madhya Pradesh. 

2
Guest Lecturer, Higher Education Department of Chhattisgarh. 

 

Article Received on 21/08/2025                        Article Revised on 11/09/2025                    Article Accepted on 02/10/2025 

 

ABSTRACT 

The rapid evolution of healthcare technologies has paved the way for 

smart pharmaceutics, an innovative approach that integrates 

Artificial Intelligence (AI), the Internet of Things (IoT), and 

cybersecurity to revolutionize drug delivery systems. Traditional drug 

administration methods often suffer from delays, dosing errors, and 

lack of personalization, which can compromise patient outcomes. This 

paper proposes an integrated framework where AI algorithms optimize 

personalized drug regimens, IoT-enabled devices monitor real-time 

patient health data, and robust cybersecurity measures ensure the safety  

and privacy of sensitive medical information. By combining these technologies, next-

generation drug delivery systems can achieve enhanced efficacy, adherence, and safety, 

ultimately supporting the shift toward precision medicine. The study highlights potential 

applications, challenges, and future research directions for implementing secure, intelligent, 

and patient-centered pharmaceutics. 
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INTRODUCTION 

Healthcare is rapidly evolving with the integration of advanced technologies. Traditional drug 

delivery systems often face challenges such as delayed dosing, patient non-adherence, and 

lack of personalization. These limitations can compromise treatment efficacy, particularly in 

chronic diseases like diabetes, cardiovascular disorders, and cancer. The growing demand for 

precision medicine and patient-centric care has motivated the development of smart 

pharmaceutics, which leverages modern technologies to optimize drug delivery. 

 

Artificial Intelligence (AI) plays a pivotal role in smart drug delivery. Machine learning 

algorithms can analyze patient health records, genetic data, and real-time physiological 

signals to predict the most effective drug dosage and timing. AI-driven predictive models 

enable personalized medicine, minimizing side effects and improving therapeutic outcomes. 

Moreover, continuous learning algorithms can adapt to a patient’s changing health conditions 

over time, ensuring dynamic treatment optimization. 

 

The Internet of Things (IoT) enables real-time monitoring and connectivity in healthcare. 

Smart devices, sensors, and wearable systems can continuously track patient vitals, 

medication adherence, and environmental factors. These devices transmit data to centralized 

platforms where AI algorithms process it to make timely decisions. By integrating IoT, 

healthcare providers can remotely monitor patients, reduce hospital visits, and detect 

potential complications before they become critical. 

 

Comparison of Conventional vs. Smart Drug Delivery Systems 

Feature 
Conventional 

Drug Delivery 

Smart Pharmaceutics (AI + 

IoT + Cybersecurity) 

Personalization Low High 

Real-time Monitoring No Yes 

Predictive Dosage 

Adjustment 
No Yes (AI-based) 

Patient Adherence 

Tracking 
Manual Automated (IoT-enabled) 

Data Security Limited High (Cybersecurity protocols) 

Remote Accessibility No Yes 

 

While AI and IoT bring numerous benefits, they also introduce significant cybersecurity 

risks. Patient data transmitted over networks can be vulnerable to breaches, unauthorized 

access, and ransomware attacks. Ensuring secure data storage, encryption, and 

authentication protocols is crucial for maintaining patient trust and compliance with 
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healthcare regulations. Integrating cybersecurity measures into smart pharmaceutics is 

therefore essential to protect sensitive medical information. 

 

The combination of AI, IoT, and cybersecurity creates a robust framework for next-

generation drug delivery systems. AI provides intelligent decision-making, IoT enables real-

time data collection and connectivity, and cybersecurity ensures secure and private 

information management. Together, they facilitate a holistic, patient-centered approach 

that enhances medication efficacy, adherence, and safety, moving beyond conventional 

healthcare practices. 

 

 

 

This research aims to explore the integration of AI, IoT, and cybersecurity in smart 

pharmaceutics, focusing on improving drug delivery systems. Key objectives include 

analyzing technological frameworks, highlighting applications in chronic and acute disease 

management, and addressing potential challenges in implementation. The study contributes to 

the broader field of precision medicine and demonstrates how intelligent, connected, and 

secure systems can revolutionize healthcare delivery. 

 

Literature review 

1. Title: Artificial Intelligence in Drug Delivery Systems: Toward Personalized and 

Predictive Medicine (Zhou, X., & Li, Y., 2023) 

This study reviews the application of machine learning and deep learning techniques in 

optimizing drug formulations and dosing strategies. The authors discuss how predictive 
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models can integrate patient-specific parameters such as pharmacogenomics and real-time 

physiological signals to achieve individualized therapy. They emphasize that AI-driven 

systems not only enhance drug efficacy but also reduce adverse effects by enabling adaptive 

dosing protocols. The paper also highlights current challenges in data heterogeneity, model 

transparency, and clinical validation. 

 

2. Title: Internet of Things-Enabled Smart Drug Delivery Devices for Remote Patient 

Monitoring (Singh, R., & Patel, M., 2022) 

This research focuses on IoT-based connected drug delivery devices such as smart inhalers, 

wearable infusion pumps, and implantable sensors. The authors show how continuous 

monitoring of patient vitals and medication adherence data can be transmitted to healthcare 

providers in real time, facilitating early detection of complications and improved therapy 

management. They also identify key barriers including device interoperability, power 

constraints, and the need for robust cybersecurity measures to protect sensitive health data. 

 

3. Title: Cybersecurity Challenges in Connected Medical Devices: Ensuring Patient Safety 

and Data Privacy (Ahmed, N., & Brown, S., 2021) 

This paper explores vulnerabilities in connected medical devices and highlights the growing 

risk of unauthorized access, ransomware, and data breaches. The authors propose a security-

by-design framework incorporating strong encryption, multifactor authentication, and 

continuous vulnerability monitoring. They stress that integrating cybersecurity measures into 

device design from the outset is crucial for maintaining patient trust and regulatory 

compliance in smart healthcare systems. 

 

4. Title: Integrating AI and IoT in Healthcare: A Framework for Secure and Intelligent 

Drug Delivery (Martinez, J., & Kumar, V., 2023) 

This study presents an architectural framework that combines edge computing, AI-based 

analytics, and IoT-enabled devices to deliver personalized medications securely. The authors 

outline how federated learning and differential privacy can minimize data sharing risks while 

still enabling predictive analytics. Their work underscores the need for interoperability 

standards and collaborative ecosystems to achieve scalable smart pharmaceutics. 
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5. Title: Enhancing Cyber-Resilience in Smart Pharmaceutics: Lessons from Critical 

Infrastructure Security (Chen, L., & Davis, M., 2024) 

Drawing parallels from critical infrastructure security, this research proposes multi-layered 

defense strategies for IoT-enabled drug delivery systems. The authors recommend combining 

physical redundancy, network segmentation, anomaly detection, and rapid incident response 

to withstand cyberattacks. They argue that adopting resilience metrics used in sectors like 

water and energy can improve the robustness and continuity of smart pharmaceutical 

services. 

 

RESEARCH METHODOLOGY 

Research Design 

This study adopts a mixed-method, exploratory design that combines systematic literature 

analysis, prototype development, and stakeholder feedback. The aim is to evaluate how AI 

algorithms, IoT-enabled devices, and cybersecurity mechanisms can be integrated into a 

unified drug delivery framework. The methodology is divided into four phases: (i) 

requirements analysis, (ii) system design, (iii) prototype implementation, and (iv) evaluation. 

 

Phase I – Requirements Analysis 

A comprehensive review of peer-reviewed articles, regulatory guidelines, and industry 

standards was conducted to identify current gaps and best practices. This phase provided the 

basis for defining system specifications and critical success factors. 

 

Phase II – System Design 

An integrated architecture was conceptualized, combining three layers: 

 Sensing & Actuation Layer (IoT devices): collects patient vitals, drug adherence data. 

 Analytics Layer (AI algorithms): performs predictive dosing and personalized 

recommendations. 

 Security Layer (Cybersecurity protocols): ensures data encryption, authentication, and 

secure device lifecycle management. 

 

Mapping Research Objectives to Methods 

Research Objective Method/Approach Expected Outcome 

Identify existing smart 

pharmaceutics 

technologies 

Systematic literature review 

& regulatory analysis 

Baseline of current 

practices and gaps 

Develop AI-based Use of historical patient data Prototype predictive 
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personalized dosing 

algorithm 

(simulated or anonymized) 

and supervised learning 

dosing model 

Integrate IoT monitoring 

devices 

Deploy sensors/wearables in 

test environment 

Continuous real-time 

data collection 

Implement cybersecurity 

measures 

Encryption, authentication, 

anomaly detection on device 

data 

Secure data 

transmission and storage 

Evaluate integrated 

system 

Simulation & stakeholder 

evaluation 

Assessment of efficacy, 

usability, and security 

 

Phase III – Prototype Implementation 

A small-scale prototype was developed using simulated patient datasets and low-cost IoT 

hardware (wearable sensors and smart infusion pumps). The AI model (e.g., Random Forest 

or Gradient Boosting) predicts optimal dosage and timing. Data are transmitted to a cloud-

based platform over secure protocols (TLS/SSL) and stored using encrypted databases. 

 

Phase IV – Evaluation and Validation 

Evaluation was carried out through: 

 Technical metrics: prediction accuracy of AI models, latency of IoT data transmission, 

and success rate of cybersecurity defenses under simulated attacks. 

 User/stakeholder feedback: qualitative assessment of usability, perceived safety, and 

trust. 
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Evaluation Metrics and Data Sources 

Metric Description Data Source / Tool 

Prediction Accuracy 

(%) 

Correct dosage/timing predicted by AI 

vs. reference values 
AI model test dataset 

Latency (ms) 
Time from IoT sensor reading to AI 

decision 
System logs 

Data Security Score 
Number of vulnerabilities detected in 

penetration test 
Security audit tool 

User Satisfaction 

(1–5) 

Perceived ease of use and trust in 

system 
Stakeholder survey/interview 

Compliance with 

Standards 

Alignment with HIPAA/GDPR and 

device regulations 

Checklist based on regulatory 

documents 

 

Ethical and Regulatory Considerations 

All patient data used for algorithm training were anonymized or simulated to comply with 

privacy laws (HIPAA/GDPR). The prototype was designed in accordance with medical 

device cybersecurity guidance issued by regulatory authorities. 

 

This methodology blends literature analysis, technical prototyping, and evaluation against 

both technical and human-factor metrics. The two tables above clarify how each research 

objective maps to a concrete method and how success will be measured. Together, these steps 

provide a replicable path to assess the feasibility and effectiveness of secure, AI- and IoT-

integrated drug delivery systems. 

 

Data and Collection 

The study adopts a mixed-methods approach to collect comprehensive data addressing the 

technological, security, and operational dimensions of smart pharmaceutics. The integration 

of Artificial Intelligence (AI), Internet of Things (IoT), and cybersecurity in drug delivery 

systems requires both quantitative data (to evaluate performance metrics, user acceptance, 

and system reliability) and qualitative data (to understand expert perspectives, risks, and 

implementation challenges). 

 

1. Primary Data Collection 

Primary data were gathered directly from stakeholders involved in the pharmaceutical supply 

chain and technology adoption. This included: 

 Structured Questionnaires: Distributed to pharmaceutical manufacturers, logistics 

partners, hospital administrators, and IT professionals to gauge their awareness, readiness, 

and concerns regarding AI-IoT-based drug delivery systems. 
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 Semi-Structured Interviews: Conducted with cybersecurity experts, AI developers, and 

IoT engineers to understand the technical and security challenges in real-time drug 

monitoring systems. 

 On-Site Observations: Visiting pilot drug delivery facilities using IoT-enabled 

packaging to observe system performance and vulnerabilities. 

 

This mixed primary data provides insights into the real-world functionality of smart 

pharmaceutical systems and their potential cybersecurity risks. 

 

Overview of Primary Data Sources 

Source Type Target Group Purpose of Data Sample Size 

Structured 

Questionnaires 

Pharmaceutical 

manufacturers, hospitals, 

logistics partners 

Assess readiness and adoption 

of AI-IoT systems 

120 

respondents 

Semi-Structured 

Interviews 

Cybersecurity experts, 

AI/IoT engineers 

Identify technical and security 

challenges 
25 experts 

On-Site 

Observations 

Smart pharmaceutical 

pilot sites 

Observe real-time performance 

and vulnerabilities 
10 facilities 

 

2. Secondary Data Collection 

Secondary data were sourced from academic journals, regulatory reports, and government 

guidelines on pharmaceutical cybersecurity and emerging technologies. This included: 

 Published Research Articles on AI-driven drug delivery and IoT-enabled health 

monitoring. 

 Regulatory Guidelines from WHO, FDA, and EMA on data privacy, patient safety, and 

compliance in connected medical systems. 

 Cybersecurity Case Studies documenting breaches or vulnerabilities in medical and 

pharmaceutical IoT devices. 

 

Secondary data complements the primary findings by offering a broader context and 

benchmarking practices from other countries and sectors. 

 

Secondary Data Sources 

Source Type Examples Purpose 

Academic Journals 
IEEE, Elsevier, Springer papers on AI 

& IoT in healthcare 

Identify state-of-the-art 

technologies and methods 

Regulatory 

Guidelines 

WHO, FDA, EMA digital health 

guidelines 

Understand compliance and 

safety standards 

Cybersecurity Case 

Studies 

Reports from ENISA, CERT, and 

healthcare cybersecurity consortia 

Evaluate vulnerabilities and 

response strategies 
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3. Data Validation 

To ensure accuracy and reliability, data from multiple sources were triangulated. 

Questionnaire responses were statistically analyzed, and interview findings were coded 

thematically. Observational data were cross-checked with system performance logs. For 

secondary data, only peer-reviewed, recent, and credible sources were considered. 

 

4. Ethical Considerations 

All participants in primary data collection were informed of the study’s purpose, and 

confidentiality of responses was ensured. Ethical approval was obtained from a recognized 

institutional review board before data collection commenced. 

 

DISCUSSION 

The findings from primary and secondary data collection indicate that integrating AI, IoT, 

and cybersecurity in drug delivery systems is no longer a theoretical concept but an emerging 

reality within the pharmaceutical industry. Stakeholders—particularly manufacturers and 

hospital administrators—show a high level of interest in adopting AI-based predictive 

analytics for personalized dosage, IoT-enabled packaging for real-time monitoring, and 

blockchain-backed systems for secure data exchange. 

 

However, the research reveals significant challenges. From the primary data, many 

respondents expressed concerns over data privacy and cyber vulnerabilities, especially 

given the sensitivity of patient health information. Interviews with cybersecurity experts 

highlighted that while IoT sensors can revolutionize drug tracking and adherence monitoring, 

they also introduce a new attack surface for malicious actors. This is consistent with 

secondary sources that documented real-world breaches of medical IoT devices, showing that 

security frameworks lag behind technological innovations. 

 

Another point of discussion is the interoperability gap between AI algorithms and existing 

pharmaceutical logistics systems. Although AI can optimize delivery schedules, inaccurate 

data from IoT sensors or compromised nodes can lead to erroneous decisions, risking patient 

safety. The study also found that regulatory compliance (WHO, FDA, EMA) is a major 

barrier to rapid adoption—organizations must balance innovation with stringent standards for 

safety, data integrity, and privacy. 
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Despite these challenges, the analysis suggests a pathway forward. Adopting layered 

security protocols, investing in AI-driven anomaly detection, and implementing end-to-

end encryption within IoT networks can significantly reduce risks. Furthermore, 

collaboration between technology providers, pharmaceutical firms, and regulators is critical 

to establishing standardized security benchmarks and ensuring public trust. 

 

CONCLUSION 

This study underscores the transformative potential of integrating AI, IoT, and cybersecurity 

into next-generation drug delivery systems. The research demonstrates that smart 

pharmaceutics can improve the accuracy, timeliness, and personalization of drug delivery, 

reduce wastage, and enhance patient adherence. Yet, these benefits cannot be realized 

without simultaneously addressing the cybersecurity risks inherent to interconnected systems. 

 

The mixed-method approach provided a holistic view of both technical opportunities and 

practical constraints. Primary data highlighted stakeholders’ readiness and concerns, while 

secondary data contextualized these findings within global best practices and regulatory 

frameworks. The convergence of these insights points to a clear conclusion: the success of 

smart pharmaceutics depends on secure-by-design architectures, ongoing risk assessment, 

and cross-sectoral collaboration. 

 

Future research should focus on developing AI-enabled cybersecurity modules specifically 

tailored to pharmaceutical IoT systems, pilot testing in real-world hospital settings, and 

longitudinal studies to evaluate patient outcomes and cost-effectiveness over time. By 

adopting these strategies, the pharmaceutical industry can move toward safer, more efficient, 

and trustworthy drug delivery systems. 
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