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ABSTRACT: Artificial intelligence (AI) is transforming healthcare by optimizing drug dosage and minimizing medication errors, 

significantly enhancing patient safety and treatment efficacy. AI algorithms, particularly those utilizing machine learning and deep 

learning, analyze vast amounts of patient data, including genetic information, medical history, and real-time health metrics, to 

determine the most effective drug dosages tailored to individual patients. One of the critical areas where AI excels is in precision 

medicine. AI-driven systems can process complex datasets to predict how different patients will respond to specific medications, 

thereby personalizing drug dosage. For instance, pharmacogenomics leverages AI to understand how genetic variations affect drug 

metabolism, helping to customize dosages that maximize therapeutic benefits while minimizing adverse effects. Moreover, AI 

enhances clinical decision support systems (CDSS) by integrating with electronic health records (EHRs). These AI-powered CDSS 

provide healthcare professionals with real-time alerts about potential medication errors, such as incorrect dosages, drug 

interactions, or patient-specific contraindications. By continuously learning from new data, these systems improve their accuracy 

and reliability over time, reducing the incidence of medication errors significantly. AI is also pivotal in the development of adaptive 

dosing algorithms. These algorithms use patient-specific data, such as kidney function and liver enzyme levels, to adjust drug 

dosages dynamically. This approach is particularly beneficial in managing chronic conditions like diabetes and hypertension, where 

maintaining optimal drug levels is crucial for effective disease management. For example, AI can help determine the precise insulin 

dose required for diabetic patients by analyzing patterns in their blood glucose levels. In addition to individual patient care, AI aids 

in broader pharmacovigilance efforts by identifying and predicting adverse drug reactions (ADRs). Machine learning models analyze 

large datasets from clinical trials, post-marketing surveillance, and patient reports to detect early signals of ADRs, allowing for 

timely interventions and adjustments in drug prescriptions. In conclusion, AI's role in optimizing drug dosage and reducing 

medication errors is a significant advancement in personalized medicine and patient safety. By harnessing the power of AI, 

healthcare providers can deliver more precise, effective, and safer treatments, ultimately improving patient outcomes and reducing 

healthcare costs. 
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1.0. Introduction 

 

The role of artificial intelligence (AI) in healthcare has gained prominence due to its potential to revolutionize various aspects of 

patient care, including the optimization of drug dosage and the reduction of medication errors (Adegbola, et. al., 2024, Benjamin, 

Amajuoyi & Adeusi, 2024, Olaboye, et. al., 2024, Nzeako et al., 2024, Nwaozomudoh et al., 2021, Olatunji, et. al., 2024). Precision 

in drug dosage is crucial for effective treatment and patient safety, as incorrect dosages can lead to significant adverse effects or 

therapeutic failures. Medication errors, which include incorrect dosing, administration, or prescriptions, are a prevalent issue in 

healthcare systems worldwide. These errors not only jeopardize patient safety but also contribute to increased healthcare costs and 

extended hospital stays. 

AI technologies have emerged as powerful tools in addressing these challenges by offering advanced capabilities for data analysis, 

pattern recognition, and predictive modeling. By leveraging AI, healthcare providers can enhance the accuracy of drug dosage 

recommendations, tailor treatments to individual patient needs, and ultimately reduce the likelihood of medication-related errors 
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(Bello, Idemudia & Iyelolu, 2024, Shittu & Nzeako, 2024, Ekechukwu & Simpa, 2024, Gannon, et. al., 2023). The integration of AI 

into clinical workflows promises to streamline processes, improve decision-making, and ensure more precise and effective 

medication management. 

This exploration into AI's role in optimizing drug dosage and minimizing medication errors will delve into how these technologies 

are utilized in practice, the benefits they offer, and the potential they hold for transforming medication management in healthcare. 

By examining the current applications of AI and its impact on reducing medication errors, this discussion aims to highlight the 

significant advancements made and the ongoing efforts to further enhance patient safety and treatment efficacy (Abdul, et. al., 2024, 

Kokogho et al., 2024, Igwama, et. al., 2024, Joseph, et. al., 2022, Udeh, et. al., 2024). 

 

2.1. The Need for Optimized Drug Dosage 

 

Optimizing drug dosage is a critical aspect of effective healthcare, as precise dosing is essential for maximizing therapeutic benefits 

while minimizing risks. Traditional methods of drug dosage have long been a cornerstone of medical practice, but they face 

significant challenges due to variability in patient responses and the complexities of individual pharmacokinetics (Amajuoyi, 

Benjamin & Adeus, 2024, Kokogho et al., 2023, Kwakye, Ekechukwu & Ogundipe, 2024). This variability, coupled with the 

consequences of incorrect dosing, underscores the need for advanced approaches to enhance medication management and patient 

safety. 

One of the primary challenges in traditional drug dosage is the inherent variability in how patients respond to medications. Individual 

responses to drugs can differ significantly due to a multitude of factors, including genetic differences, age, weight, and organ function 

(Ekemezie, et. al., 2024, Okogwu, et. al., 2023, Kokogho et al., 2025a, 2025b, Sodiya, et. al., 2024). Genetic variability, for instance, 

can affect how a drug is metabolized or how it interacts with its target, leading to differences in efficacy and safety across patients. 

This variability necessitates a one-size-fits-all approach, which may not be suitable for every patient, potentially leading to 

suboptimal treatment outcomes. 

Age is another important factor influencing drug metabolism. As people age, their bodies undergo various physiological changes 

that can affect drug absorption, distribution, metabolism, and excretion. Older adults, for example, may experience decreased liver 

and kidney function, which can alter the metabolism and clearance of medications (Bello, et. al., 2023, Jumare, et. al., 2023, Odulaja, 

et. al., 2023, Oteri et al., 2024a, 2024b, Olatunji, et. al., 2024). Similarly, body weight and composition can impact how drugs are 

distributed in the body. For instance, individuals with higher body fat may require different dosages compared to those with higher 

muscle mass, as drugs can partition differently in these tissues. 

Organ function also plays a crucial role in drug metabolism. Impairments in liver or kidney function can significantly alter the 

metabolism and elimination of drugs, requiring adjustments to dosage to avoid toxicity or ensure efficacy. These factors highlight 

the complexity of achieving optimal dosing with traditional methods, which often rely on standardized dosages that may not account 

for individual patient variations. 

The consequences of incorrect drug dosing can be severe and multifaceted. Adverse drug reactions (ADRs) are one of the most 

significant risks associated with incorrect dosages. ADRs can range from mild side effects to severe and life-threatening conditions, 

depending on the nature of the drug and the extent of the dosing error (Ekechukwu & Simpa, 2024, Osareme et al., 2024, Mathew 

& Ejiofor, 2023, Okpokoro, et. al., 2022). For example, an overdose of a medication may lead to toxic effects, while an underdose 

may result in inadequate therapeutic response, leaving the underlying condition untreated or poorly managed. 

Ineffective treatment outcomes are another consequence of incorrect dosing. When a drug is not administered at the correct dose, it 

may fail to achieve the desired therapeutic effect, leading to continued symptoms or progression of the disease. This not only affects 

patient health but also prolongs the course of treatment and may necessitate additional interventions or medications (Daraojimba, et. 

al., 2024, Ononiwu et al., 2024a, 2024b, Ekemezie, et. al., 2024, Okogwu, et. al., 2023). Increased healthcare costs are also a 

significant concern associated with dosing errors. Incorrect drug dosages can lead to additional medical visits, hospitalizations, and 

extended treatment periods, all of which contribute to higher healthcare expenses. Furthermore, managing ADRs and ineffective 

treatments often requires additional resources, including diagnostic tests and alternative therapies, further escalating costs. 

The need for optimized drug dosage is thus imperative for enhancing patient safety, improving treatment efficacy, and reducing 

healthcare costs. Traditional methods of drug dosing, while foundational, may fall short in addressing the complexities of individual 

patient needs and variations (Ekechukwu, 2021, Joseph, et. al., 2020, Ononiwu et al., 2024c, 2024d, Maha, Kolawole & Abdul, 

2024). The integration of advanced technologies, such as artificial intelligence (AI), offers a promising solution to these challenges 
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by enabling more precise, personalized, and adaptive dosing strategies. AI has the potential to revolutionize drug dosage optimization 

by leveraging vast amounts of patient data and sophisticated algorithms to predict individual responses to medications. By analyzing 

genetic information, physiological parameters, and historical treatment data, AI systems can provide tailored dosing 

recommendations that account for the unique characteristics of each patient. This approach promises to enhance the accuracy of drug 

dosing, reduce the risk of ADRs, and improve overall treatment outcomes. 

In summary, optimizing drug dosage is crucial for effective healthcare, given the challenges posed by variability in patient responses 

and the consequences of incorrect dosing. The traditional approach, while important, may not fully address these challenges, 

highlighting the need for advanced solutions (Akinsola & Ejiofor, 2024, Omotayo et al., 2024a, Nembe & Idemudia, 2024, Olaboye, 

et. al., 2024). AI-enhanced approaches offer a promising avenue for achieving more precise and personalized dosing, ultimately 

improving patient safety and treatment efficacy while reducing healthcare costs. 

2.2. AI in Precision Medicine 

 

Artificial Intelligence (AI) is revolutionizing precision medicine, particularly in optimizing drug dosage and reducing medication 

errors. This transformation is primarily driven by advances in pharmacogenomics and predictive analytics, which together enhance 

the ability to tailor treatments to individual patients and predict their responses to medications with greater accuracy (Ajegbile, et. 

al., 2024, Omotayo et al., 2024b, Ekechukwu & Simpa, 2024, Udeh, et. al., 2024). 

Pharmacogenomics, the study of how genetic variations influence drug metabolism, plays a crucial role in personalized medicine. 

By leveraging AI, researchers and clinicians can analyze vast amounts of genetic data to better understand how individual genetic 

profiles affect drug responses. AI algorithms are designed to process complex genetic information quickly and accurately, identifying 

patterns and correlations that would be challenging for human analysts to discern. One of the primary applications of AI in 

pharmacogenomics is in optimizing drug dosage (Olatunji, et. al., 2024, Olorunsogo et al., 2024a, 2024b, Scott, Amajuoyi & Adeusi, 

2024, Udeh, et. al., 2024). Traditional approaches to determining the appropriate dosage for a patient often rely on generalized 

guidelines that may not account for individual genetic differences. For example, a drug that is effective at a certain dosage for most 

people might be too high or too low for an individual with specific genetic variations. AI-driven tools can analyze a patient’s genetic 

profile to predict how they will metabolize a drug, enabling more precise dosage adjustments. This personalization helps to maximize 

therapeutic efficacy while minimizing the risk of adverse effects. 

Several case studies illustrate the impact of AI on personalized dosage adjustments. In oncology, for instance, AI has been employed 

to tailor chemotherapy regimens based on genetic information from tumor biopsies. By analyzing genetic mutations in cancer cells, 

AI models can recommend specific drug combinations and dosages that are more likely to be effective for the individual patient 

(Bello, Ige & Ameyaw, 2024, Olorunfemi et al., 2023, Maha, Kolawole & Abdul, 2024, Olaboye, et. al., 2024). This approach has 

led to improved treatment outcomes and reduced side effects in various clinical trials. Similarly, AI has been used in 

pharmacogenomics to optimize dosing for patients with chronic conditions. For example, in the management of anticoagulant 

therapy, AI algorithms can analyze genetic variations that influence drug metabolism, allowing for more accurate dosing 

recommendations. This personalized approach helps to balance the risk of thromboembolic events with the risk of bleeding 

complications, leading to safer and more effective treatment. 

Predictive analytics is another area where AI is making significant strides in precision medicine. AI algorithms can predict patient 

responses to medications by analyzing data from previous patient outcomes, genetic profiles, and other relevant factors (Amajuoyi, 

Benjamin & Adeus, 2024, Oduro, Simpa & Ekechukwu, 2024, Olorunfemi et al., 2018, Olatunji, et. al., 2024). This predictive 

capability enables clinicians to make more informed decisions about which medications are likely to be effective for a particular 

patient, thereby reducing the trial-and-error approach often used in drug prescribing. In clinical settings, AI-powered predictive 

analytics tools have demonstrated remarkable success. For example, AI algorithms have been developed to predict the likelihood of 

adverse drug reactions based on patient characteristics and historical data. These tools help clinicians identify patients who are at 

higher risk for specific side effects, allowing for proactive management and adjustment of treatment plans. 

A notable example of successful AI implementation in predictive analytics is in the management of diabetes. AI models that analyze 

patient data, including blood glucose levels, genetic information, and lifestyle factors, can predict how different insulin regimens 

will affect blood sugar control. This information helps clinicians tailor insulin therapy to individual patients, improving glycemic 

control and reducing the risk of complications (Adegbola, et. al., 2024, Iyede, et. al., 2023, Olorunfemi et al., 2012, Udegbe, et. al., 

2024). Another application of AI in predictive analytics is in the field of mental health. AI algorithms can analyze data from electronic 

health records, patient surveys, and genetic information to predict responses to psychiatric medications. This predictive capability 

enables clinicians to select the most appropriate medications for patients with conditions such as depression or schizophrenia, 

enhancing treatment effectiveness and minimizing the risk of adverse effects. 
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AI’s role in reducing medication errors is closely linked to its applications in pharmacogenomics and predictive analytics. By 

providing more accurate dosage recommendations and predicting patient responses, AI helps to minimize the risk of errors associated 

with drug prescribing (Abatan, et. al., 2024, Ogugua et al., 2024, Daraojimba, et. al., 2023, Ekechukwu, 2021). Additionally, AI-

powered decision support systems can assist clinicians in avoiding potential drug interactions and identifying contraindications based 

on patient-specific information. For instance, AI systems that integrate data from electronic health records can alert clinicians to 

potential drug interactions or allergies before prescribing medications (Bello, Idemudia & Iyelolu, 2024, Odio et al., 2025, Olaboye, 

et. al., 2024, Olatunji, et. al., 2024). These systems analyze patient histories, current medications, and other relevant factors to provide 

real-time warnings and recommendations. This proactive approach helps to prevent medication errors and improve patient safety. 

Moreover, AI can assist in monitoring patient adherence to prescribed treatments. AI-driven tools that analyze data from wearable 

devices, smartphone apps, and other sources can track patient adherence to medication regimens. By identifying patterns of non-

compliance, these tools enable clinicians to address adherence issues and make necessary adjustments to treatment plans (Akinsola, 

et. al., 2024, Odio et al., 2021, Clement, et. al., 2024). In conclusion, AI is playing a transformative role in optimizing drug dosage 

and reducing medication errors within precision medicine. Through advancements in pharmacogenomics and predictive analytics, 

AI enables more personalized and effective treatment strategies. By analyzing genetic variations and predicting patient responses, 

AI helps to tailor drug dosages to individual needs and improve overall treatment outcomes. Additionally, AI-driven decision support 

systems contribute to safer prescribing practices and enhanced patient safety. As AI technology continues to advance, its impact on 

precision medicine is likely to grow, offering even more opportunities for improving drug therapy and reducing medication errors. 

 

2.3. AI-Enhanced Clinical Decision Support Systems (CDSS) 

 

Artificial Intelligence (AI) is increasingly becoming a cornerstone of modern healthcare, particularly through its integration into 

Clinical Decision Support Systems (CDSS). These AI-enhanced systems are revolutionizing the way healthcare providers approach 

drug dosage and medication management, significantly reducing medication errors and optimizing treatment outcomes (Abdul, et. 

al., 2024, Ekechukwu & Simpa, 2024, Odio et al., 2022, Seyi-Lande, et. al., 2024). By leveraging real-time data analysis, big data, 

and machine learning, AI is enhancing the capabilities of CDSS and transforming patient care. 

The integration of AI into Clinical Decision Support Systems (CDSS) enables real-time data analysis and alerts, which are crucial 

for optimizing drug dosage and reducing medication errors. AI-powered CDSS can process vast amounts of data from Electronic 

Health Records (EHRs), providing healthcare providers with timely and actionable insights. This capability is instrumental in 

ensuring that medication dosages are tailored to individual patient needs, thereby enhancing the efficacy of treatments and 

minimizing the risk of adverse effects. 

Real-time data analysis by AI-powered CDSS allows for the immediate detection of potential issues related to drug prescriptions. 

For instance, when a healthcare provider inputs a new prescription into the system, the AI can cross-reference the patient's current 

medications, medical history, and other relevant data to identify potential drug interactions or contraindications (Olatunji, et. al., 

2024, Muonde et al., 2024, Ukpo et al., 2024, Udeh, et. al., 2023). This real-time analysis provides alerts to healthcare providers, 

helping them to make informed decisions and adjust dosages or medications as needed. 

An example of AI-powered CDSS preventing medication errors can be seen in the management of anticoagulant therapy. 

Anticoagulants require precise dosing to balance the risk of thrombosis against the risk of bleeding. AI systems integrated with EHRs 

can analyze patient-specific factors such as renal function, genetic predispositions, and concurrent medications (Cattaruzza, et. al., 

2023, Maha, Kolawole & Abdul, 2024, Famoti et al., 2025a, 2025b, Oduro, Simpa & Ekechukwu, 2024, Olatunji, et. al., 2024). By 

providing alerts for potential interactions and recommending dosage adjustments, these systems help clinicians avoid dosing errors 

that could lead to serious complications. Similarly, AI-enhanced CDSS can help prevent medication errors in chronic disease 

management. For instance, in diabetes care, AI systems can analyze data from continuous glucose monitors, EHRs, and patient-

reported outcomes to recommend insulin dosages that are optimized for individual patients. This capability reduces the likelihood 

of incorrect dosing and improves glycemic control, ultimately enhancing patient outcomes. 

The use of machine learning and big data further enhances the accuracy and reliability of AI-powered CDSS. Machine learning 

algorithms can process large datasets from diverse sources, including EHRs, clinical trials, and patient registries, to identify patterns 

and trends that inform decision-making. By analyzing this vast amount of data, AI systems can provide more accurate predictions 

and recommendations for drug dosages and treatment plans (Adeusi,et. al., 2024, Bello, et. al., 2023, Famoti et al., 2025c, 2025d, 

Okpokoro, et. al., 2023). One of the key advantages of using big data in CDSS is the ability to improve the system's accuracy over 

time. Machine learning algorithms continuously learn from new data, refining their predictions and recommendations based on 
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emerging evidence and patient outcomes. This continuous learning process allows AI systems to adapt to new medical knowledge, 

treatment guidelines, and patient-specific factors, ensuring that CDSS remain up-to-date and relevant. 

For example, in oncology, machine learning algorithms can analyze data from thousands of cancer patients to identify the most 

effective treatment regimens for specific types of tumors. By learning from patient responses and outcomes, AI systems can provide 

personalized treatment recommendations that are tailored to individual genetic profiles and disease characteristics. This personalized 

approach improves the likelihood of successful treatment while minimizing the risk of adverse effects. 

Another important aspect of AI-enhanced CDSS is their ability to integrate and analyze data from multiple sources. Big data allows 

AI systems to incorporate information from various types of medical records, including laboratory results, imaging studies, and 

patient histories. This comprehensive data integration provides a holistic view of a patient's health, enabling more accurate 

assessments of drug dosages and treatment plans (Amajuoyi, Nwobodo & Adegbola, 2024, Olaboye, et. al., 2024, Ezechi et al., 

2025a, 2025b, Udegbe, et. al., 2024). AI-powered CDSS also offer predictive capabilities that can prevent medication errors before 

they occur. By analyzing historical data and patient profiles, AI systems can predict potential risks and suggest preventative measures. 

For example, an AI system might predict the likelihood of an adverse drug reaction based on a patient's genetic profile and medical 

history, allowing healthcare providers to adjust treatment plans proactively. 

The adaptability of AI systems is another significant advantage. As new medical research and treatment guidelines emerge, machine 

learning algorithms can incorporate these updates into the CDSS. This ensures that the system remains aligned with the latest 

standards of care and provides healthcare providers with the most current information for making clinical decisions (Abdul, et. al., 

2024, Hassan, et. al., 2024, Erinjogunola et al., 2025a, 2025b, Olaboye, et. al., 2024). In practice, AI-enhanced CDSS have been 

shown to improve medication safety and reduce errors. For example, in one study, the implementation of an AI-powered CDSS for 

managing antibiotic prescriptions led to a significant reduction in inappropriate prescribing and adverse drug events. By providing 

real-time alerts and evidence-based recommendations, the system helped clinicians make better-informed decisions and avoid 

common pitfalls associated with antibiotic use. 

Furthermore, AI-enhanced CDSS can support healthcare providers in complex decision-making scenarios. For instance, in patients 

with multiple chronic conditions, AI systems can integrate data from various sources to recommend comprehensive treatment plans 

that address all of the patient's health needs. This holistic approach helps to prevent conflicting treatments and ensures that drug 

dosages are optimized for the patient's overall health status. In summary, AI-enhanced Clinical Decision Support Systems are playing 

a transformative role in optimizing drug dosage and reducing medication errors (Adegbola, et. al., 2024, Awoyemi et al., 2025, Maha, 

Kolawole & Abdul, 2024, Olatunji, et. al., 2024). By integrating with Electronic Health Records and utilizing machine learning and 

big data, these systems provide real-time data analysis, predictive capabilities, and continuous learning. This results in more accurate 

dosage recommendations, improved treatment outcomes, and enhanced patient safety. As AI technology continues to evolve, its 

impact on clinical decision-making is expected to grow, offering even greater potential for advancing precision medicine and 

improving healthcare delivery. 

 

2.4. Adaptive Dosing Algorithms 

 

Adaptive dosing algorithms represent a groundbreaking advancement in the realm of personalized medicine, leveraging artificial 

intelligence (AI) to optimize drug dosage and minimize medication errors (Ajegbile, et. al., 2024, Bello, et. al., 2023, Awoyemi et 

al., 2023, Olaboye, et. al., 2024). These algorithms utilize a range of patient-specific factors and real-time data to dynamically adjust 

treatment plans, improving therapeutic outcomes and enhancing patient safety. The integration of AI into dosing algorithms is 

transforming how medications are prescribed and managed, particularly for chronic conditions that require meticulous dose 

adjustments. 

AI-driven adaptive dosing algorithms consider a myriad of patient-specific factors to tailor drug dosages with unprecedented 

precision. Traditional methods of prescribing often rely on standardized dosages based on general population averages, which may 

not be suitable for every individual. In contrast, AI algorithms can analyze a wide range of variables to personalize medication 

regimens (Abdul, et. al., 2024, Apelehin et al., 2025a, 2025b, Igwama, et. al., 2024, Udeh, et. al., 2024). These variables include 

kidney function, liver enzyme levels, genetic factors, and other biomarkers that influence drug metabolism and efficacy. (Abdul, et. 

al., 2024, Igwama, et. al., 2024, Apelehin et al., 2025c, Udeh, et. al., 2024)For instance, in the management of chronic kidney disease 

(CKD), AI algorithms can process data on a patient’s renal function to adjust drug dosages accordingly. Many medications are 

metabolized or excreted by the kidneys, and impaired kidney function can significantly alter the pharmacokinetics of these drugs. 
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AI systems that integrate data from laboratory tests and patient history can provide precise dosage recommendations that account 

for the reduced renal clearance, reducing the risk of drug toxicity. 

Similarly, liver enzyme levels are crucial in determining how drugs are processed by the body. Liver dysfunction can affect the 

metabolism of various medications, leading to potential overdosing or underdosing. AI algorithms can analyze liver function tests 

and adjust drug dosages in real time, ensuring that patients receive the appropriate amount of medication based on their liver health 

(Olatunji, et. al., 2024, Akpukorji et al., 2024, Udegbe, et. al., 2024). Case studies illustrate the effectiveness of AI in managing 

chronic conditions through adaptive dosing. In diabetes management, for example, AI algorithms can analyze data from continuous 

glucose monitors, insulin pump systems, and patient-reported outcomes to adjust insulin dosages dynamically. By incorporating 

factors such as blood glucose levels, activity levels, and carbohydrate intake, these algorithms help maintain optimal glycemic control 

and reduce the risk of hypoglycemia or hyperglycemia. 

Hypertension management also benefits from AI-driven adaptive dosing. Blood pressure medications often require adjustments 

based on individual responses and side effects. AI algorithms can process data from blood pressure monitors, patient reports, and 

medical histories to recommend adjustments in antihypertensive therapy (Bello, Idemudia & Iyelolu, 2024, Akinbolaji et al., 2024, 

Olanrewaju, Ekechukwu & Simpa, 2024). This personalized approach helps achieve better blood pressure control and reduces the 

incidence of medication-related complications. Real-time monitoring and feedback play a crucial role in the effectiveness of adaptive 

dosing algorithms. Advances in wearable devices and mobile health applications enable continuous data collection, providing a 

constant stream of information that AI systems can analyze to make timely dosing adjustments. These technologies offer a significant 

advantage in managing chronic conditions, where daily fluctuations in health metrics can impact medication efficacy and safety. 

Wearable devices, such as continuous glucose monitors for diabetes or blood pressure monitors for hypertension, collect data around 

the clock. AI systems integrated with these devices can analyze trends and patterns in real time, adjusting drug dosages as needed. 

For example, if a continuous glucose monitor detects a sudden drop in blood sugar levels, the AI algorithm can recommend a 

reduction in insulin dosage or prompt the patient to take corrective action, thereby preventing hypoglycemic episodes. 

Mobile health applications also contribute to real-time dosing adjustments by allowing patients to input data on symptoms, 

medication adherence, and lifestyle factors. AI systems can analyze this information alongside data from wearable devices to provide 

personalized recommendations. For instance, if a patient reports increased stress levels, which can impact blood pressure, the AI 

system can suggest modifications to antihypertensive therapy or recommend lifestyle changes to manage stress (Adeusi, Amajuoyi 

& Benjami, 2024, Akinbolaji et al., 2023, Olaboye, et. al., 2024). One notable example of AI adjusting dosages based on real-time 

data is seen in the management of anticoagulant therapy. Patients on anticoagulants require careful monitoring to balance the risk of 

blood clots against the risk of bleeding. AI systems integrated with home monitoring devices can analyze data on INR (International 

Normalized Ratio) levels and adjust dosages accordingly. This real-time feedback helps maintain therapeutic levels while minimizing 

the risk of adverse events. 

In cancer treatment, AI-powered systems that analyze data from wearable devices and patient reports can adjust chemotherapy 

regimens based on real-time information about side effects and patient responses. For instance, if a patient experiences significant 

fatigue or other symptoms, the AI system can recommend dosage adjustments or supportive therapies to improve quality of life while 

continuing to manage the cancer effectively (Benjamin, et. al., 2024, Ajirotutu et al., 2024a, 2024b, Maha, Kolawole & Abdul, 2024, 

Olatunji, et. al., 2024). Adaptive dosing algorithms driven by AI not only optimize treatment outcomes but also contribute to reducing 

medication errors. By accounting for individual patient factors and providing real-time feedback, these algorithms minimize the risk 

of incorrect dosing and adverse drug reactions. The ability to dynamically adjust dosages based on a comprehensive analysis of 

patient data ensures that medications are administered in the safest and most effective manner possible. 

In summary, AI-enhanced adaptive dosing algorithms are revolutionizing the field of personalized medicine by optimizing drug 

dosage and reducing medication errors. Through the integration of patient-specific factors and real-time data analysis, these 

algorithms offer a more precise approach to medication management, particularly for chronic conditions (Amajuoyi, Nwobodo & 

Adegbola, 2024, Adeniji et al., 2022, Udeh, et. al., 2024). By leveraging wearable devices and mobile health applications, AI systems 

provide continuous monitoring and feedback, allowing for timely adjustments to treatment plans. As AI technology continues to 

advance, its role in adaptive dosing will likely expand, offering even greater potential for improving patient outcomes and enhancing 

medication safety. 

 

2.5. AI in Pharmacovigilance 
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Artificial Intelligence (AI) is transforming the field of pharmacovigilance, which is critical for ensuring drug safety and optimizing 

drug dosage while minimizing medication errors. AI's role in pharmacovigilance encompasses the identification of adverse drug 

reactions (ADRs), improving drug safety, and enhancing regulatory compliance (Olatunji, et. al., 2024, Scott, Amajuoyi & Adeusi, 

2024). By leveraging advanced algorithms and large datasets, AI systems are improving the ability to detect, analyze, and mitigate 

risks associated with drug therapies. One of the most significant contributions of AI to pharmacovigilance is its ability to identify 

adverse drug reactions (ADRs) with greater accuracy and speed. Traditional methods of detecting ADRs often rely on spontaneous 

reporting systems, which can be limited by underreporting and delayed detection. AI models, however, can analyze vast amounts of 

data from clinical trials and post-marketing surveillance to uncover patterns and signal potential ADRs more effectively. 

AI algorithms process and analyze data from various sources, including electronic health records (EHRs), patient reports, and social 

media platforms. By integrating these diverse data streams, AI systems can detect subtle correlations and trends that may indicate 

ADRs (Abdul, et. al., 2024, Ekechukwu & Simpa, 2024, Adanyin & Odede, 2024, Udegbe, et. al., 2024). For example, natural 

language processing (NLP) techniques enable AI to sift through unstructured text data in patient reports and identify mentions of 

adverse effects that might otherwise go unnoticed. Early detection of ADRs is critical for preventing harm and improving patient 

safety. AI models can identify potential ADRs at an early stage by analyzing real-time data from clinical trials and monitoring 

systems. For instance, during a clinical trial, AI can continuously analyze data from participant reports, lab results, and other sources 

to identify unexpected adverse effects. Early detection allows for timely intervention, such as modifying treatment protocols or 

conducting additional studies to assess the safety of the drug. 

In post-marketing surveillance, AI's ability to analyze large volumes of real-world data enhances the monitoring of drug safety. AI 

systems can identify emerging safety signals by analyzing data from various sources, including insurance claims, patient registries, 

and social media (Ejiofor & Akinsola, 2024, Oduro, Simpa & Ekechukwu, 2024, Olatunji, et. al., 2024). This proactive approach 

enables regulators and manufacturers to respond quickly to potential safety issues, mitigating risks and improving patient outcomes. 

AI also plays a crucial role in improving drug safety by enhancing regulatory compliance and monitoring. Regulatory agencies 

require comprehensive data on drug safety, including reports of ADRs and results from post-marketing studies. AI systems streamline 

the collection, analysis, and reporting of this data, ensuring that regulatory requirements are met and that potential safety issues are 

addressed promptly. 

AI-driven pharmacovigilance systems can automate the process of data collection and reporting, reducing the burden on healthcare 

professionals and improving the accuracy of safety assessments. For example, AI algorithms can automatically extract relevant 

information from EHRs and other sources, generating comprehensive reports for regulatory submissions. This automation not only 

speeds up the reporting process but also reduces the risk of human error in data entry and analysis (Adegbola, et. al., 2024, Adanyin, 

2024a, Benjamin, Amajuoyi & Adeusi, 2024, Olaboye, et. al., 2024). An example of AI's impact on pharmacovigilance is the use of 

machine learning algorithms to enhance signal detection in large pharmacovigilance databases. These algorithms can analyze data 

from millions of patient records to identify patterns that may indicate potential safety issues. For instance, AI models can detect 

unusual patterns of ADRs associated with specific drugs, leading to further investigation and, if necessary, regulatory actions such 

as label changes or drug recalls. 

AI-driven pharmacovigilance systems also improve the efficiency of risk management strategies. By analyzing data from various 

sources, AI can help identify risk factors and predict potential adverse effects before they occur. This predictive capability allows for 

the development of targeted risk mitigation strategies, such as revising dosing guidelines or implementing additional monitoring 

requirements (Bello, Ige & Ameyaw, 2024, Ekechukwu & Simpa, 2024, Adanyin, 2024b, Olatunji, et. al., 2024). For example, in the 

management of high-risk medications, AI systems can analyze patient data to identify those at higher risk of experiencing severe 

ADRs. Based on this analysis, healthcare providers can implement targeted monitoring and intervention strategies to ensure that at-

risk patients receive appropriate care and support. 

Another example is the use of AI in assessing the safety of new drugs. During the drug development process, AI models can analyze 

data from preclinical and clinical studies to predict potential safety concerns. This predictive analysis helps guide the design of 

clinical trials and informs decision-making regarding drug approval and labeling. 

AI's role in optimizing drug dosage is also significant in pharmacovigilance. By analyzing patient-specific data and real-world 

evidence, AI systems can provide insights into how different factors, such as age, genetic profile, and comorbidities, influence drug 

metabolism and response (Ekechukwu, Daramola & Kehinde, 2024, Adanyin, 2024c, Olaboye, et. al., 2024, Olanrewaju, Daramola 

& Ekechukwu, 2024). This information helps healthcare providers tailor drug dosages to individual patients, improving therapeutic 

efficacy and reducing the risk of adverse effects. For example, in oncology, AI systems can analyze genetic data from cancer patients 

to recommend personalized drug dosages based on the patient’s genetic profile and the characteristics of the tumor. This personalized 

approach enhances treatment outcomes and reduces the risk of adverse reactions associated with standardized dosing regimens. 
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In summary, AI is playing a transformative role in pharmacovigilance by enhancing the identification of adverse drug reactions and 

improving drug safety. Through the analysis of large datasets from clinical trials, post-marketing surveillance, and real-world sources, 

AI systems provide valuable insights into potential safety issues and optimize drug dosage Adegbola, et. al., 2024, Benjamin, 

Amajuoyi & Adeusi, 2024, Adanyin, 2024d, Olaboye, et. al., 2024). By automating data collection and reporting, AI systems 

streamline regulatory compliance and support risk management strategies. As AI technology continues to advance, its impact on 

pharmacovigilance is expected to grow, offering even greater potential for improving patient safety and optimizing drug therapies. 

 

2.6. Overcoming Challenges and Barriers 

 

The integration of Artificial Intelligence (AI) into healthcare systems, particularly for optimizing drug dosage and reducing 

medication errors, offers immense potential for improving patient outcomes and enhancing safety. However, the deployment of AI 

in these areas is not without its challenges and barriers. Addressing these issues is crucial to fully realize the benefits of AI in 

healthcare (Ekechukwu, Daramola & Kehinde, 2024, Olaboye, et. al., 2024, Olanrewaju, Daramola & Ekechukwu, 2024). One of 

the primary challenges faced when incorporating AI into drug dosage optimization and medication error reduction is ensuring data 

privacy and security. As AI systems rely on vast amounts of patient data to function effectively, maintaining the confidentiality and 

integrity of this information is paramount. The sensitive nature of health data requires robust measures to prevent unauthorized 

access and breaches. AI systems in healthcare often process personal health records, medication histories, and real-time monitoring 

data, making them prime targets for cyberattacks. Ensuring that these systems are secure involves implementing stringent 

cybersecurity protocols, including encryption, secure access controls, and regular security assessments. Encryption techniques 

protect data in transit and at rest, making it unreadable to unauthorized users. Secure access controls ensure that only authorized 

personnel can access sensitive information, reducing the risk of internal breaches. 

Additionally, regular security assessments and updates are essential to identify and address potential vulnerabilities in AI systems. 

By continuously monitoring and improving security measures, healthcare organizations can protect patient data from emerging 

threats and ensure that AI systems operate securely (Adebamowo, et. al., 2017, Enahoro, et. al., 2024, Olatunji, et. al., 2024). Another 

critical aspect of addressing data privacy and security is compliance with regulatory frameworks. Regulations such as the Health 

Insurance Portability and Accountability Act (HIPAA) in the United States and the General Data Protection Regulation (GDPR) in 

Europe set standards for data protection and privacy. Adhering to these regulations helps ensure that AI systems meet legal 

requirements and maintain patient trust. Implementing privacy impact assessments and data protection by design principles can 

further enhance compliance and safeguard patient information. 

In addition to data privacy and security, the implementation and adoption of AI technologies in healthcare present significant 

challenges. Training healthcare providers and building trust in AI systems are essential for successful integration. Healthcare 

professionals must be educated about how AI works, its benefits, and its limitations to effectively use these technologies in clinical 

settings Adegbola, et. al., 2024, Benjamin, Amajuoyi & Adeusi, 2024, Olaboye, et. al., 2024). Training programs should focus on 

familiarizing healthcare providers with AI tools, demonstrating how they can improve decision-making and patient safety. This 

includes understanding how AI algorithms analyze data, interpret results, and generate recommendations. Providing hands-on 

experience with AI systems can help healthcare professionals become comfortable with the technology and integrate it into their 

workflow seamlessly. 

Building trust in AI technologies is also crucial for their widespread adoption. Healthcare providers need to see evidence that AI 

systems are reliable, accurate, and beneficial to patient care. This requires transparency in how AI algorithms are developed and 

validated, as well as ongoing evaluation of their performance in real-world settings. Engaging in collaborative efforts between AI 

developers and healthcare practitioners can foster trust and ensure that AI tools meet the practical needs of clinicians. Addressing 

technical and infrastructure challenges is another key consideration when implementing AI in healthcare (Adebamowo, et. al., 2017, 

Enahoro, et. al., 2024, Olatunji, et. al., 2024). AI systems require robust computing resources and infrastructure to process large 

datasets and perform complex analyses. Ensuring that healthcare organizations have the necessary technical capabilities and 

infrastructure to support AI systems is vital for their effective deployment. 

Healthcare organizations may need to invest in upgrading their IT infrastructure, including data storage solutions, computing power, 

and network capabilities. Additionally, integrating AI systems with existing electronic health records (EHRs) and clinical workflows 

can be complex and require significant coordination. Ensuring compatibility between AI tools and EHR systems is essential for 

seamless data exchange and utilization. Furthermore, healthcare organizations must address the challenges of data interoperability. 

AI systems often rely on data from multiple sources, including EHRs, wearable devices, and patient-reported outcomes. Ensuring 

that data from these sources can be integrated and analyzed effectively requires standardized data formats and interoperability 
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frameworks (Adebamowo, et. al., 2017, Enahoro, et. al., 2024, Olatunji, et. al., 2024). Collaboration between stakeholders, including 

healthcare providers, technology developers, and regulatory bodies, is necessary to establish and promote data standards that 

facilitate effective AI integration. 

The potential for AI to improve drug dosage optimization and reduce medication errors is immense, but realizing this potential 

requires overcoming these challenges. By addressing data privacy and security concerns, healthcare organizations can protect patient 

information and maintain trust. Effective training and support for healthcare providers can foster confidence in AI technologies and 

ensure their successful adoption. Finally, addressing technical and infrastructure challenges is essential for integrating AI systems 

into clinical practice and achieving their full potential. In conclusion, while the role of AI in optimizing drug dosage and reducing 

medication errors holds great promise, overcoming the associated challenges is crucial for successful implementation Adegbola, et. 

al., 2024, Benjamin, Amajuoyi & Adeusi, 2024, Olaboye, et. al., 2024). By prioritizing data privacy and security, investing in training 

and support, and addressing technical and infrastructure issues, healthcare organizations can harness the power of AI to enhance 

patient care and safety. The continued development and refinement of AI technologies, combined with thoughtful consideration of 

these challenges, will pave the way for more effective and reliable healthcare solutions. 

 

2.7. Future Directions 

 

The future of AI in optimizing drug dosage and reducing medication errors is poised to bring transformative changes to healthcare. 

As technology continues to evolve, several emerging directions are set to redefine how AI contributes to these critical areas, 

enhancing patient safety, and improving therapeutic outcomes Adegbola, et. al., 2024, Benjamin, Amajuoyi & Adeusi, 2024, 

Olaboye, et. al., 2024). One of the most promising aspects of AI's future in drug dosage optimization is the advancement of AI and 

machine learning technologies. As these technologies become more sophisticated, their ability to analyze complex data sets and 

generate precise, personalized dosage recommendations will significantly improve. Machine learning algorithms, which learn from 

vast amounts of data, are already making strides in predicting patient responses to medications based on individual characteristics. 

Future innovations will likely enhance these capabilities, enabling more accurate predictions and adjustments in real-time. For 

instance, AI algorithms may become better at integrating and interpreting data from diverse sources, such as genomic information, 

real-time physiological data from wearable devices, and patient-reported outcomes (Adebamowo, et. al., 2017, Enahoro, et. al., 2024, 

Olatunji, et. al., 2024). This comprehensive approach can lead to more precise drug dosage adjustments, tailored to each patient’s 

unique biological profile and current health status. As a result, the optimization of drug dosage will become more effective, 

minimizing the risk of adverse effects and maximizing therapeutic efficacy. 

Additionally, advancements in AI technology could lead to the development of more sophisticated models for predicting drug 

interactions and long-term outcomes. AI systems may soon be able to simulate complex interactions between drugs, taking into 

account individual patient variations and predicting potential adverse effects before they occur (Adeusi, Amajuoyi & Benjami, 2024, 

Ogbu, et. al., 2023, Olaboye, et. al., 2024). This proactive approach will help clinicians make more informed decisions about drug 

prescriptions and avoid potential medication errors. The potential impact of these innovations on global healthcare systems is 

significant. AI-driven drug dosage optimization has the potential to improve patient outcomes and reduce healthcare costs by 

minimizing the frequency of adverse drug reactions and enhancing the efficacy of treatments. In regions with limited access to 

specialized healthcare, AI could provide valuable support through telemedicine and remote monitoring, offering personalized 

medication management even in underserved areas. 

Furthermore, as AI technologies become more accessible, they could democratize high-quality healthcare. For instance, AI-powered 

tools for dosage optimization could be integrated into primary care settings, allowing general practitioners to provide advanced, 

personalized care without requiring specialized expertise (Abdul, et. al., 2024, Hassan, et. al., 2024, Olaboye, et. al., 2024). This 

shift could enhance healthcare equity by providing high-quality medication management to a broader population. However, the 

successful integration of AI into healthcare systems will require substantial policy and regulatory support. Government initiatives 

and funding opportunities will play a crucial role in advancing AI technologies and ensuring their safe and effective implementation. 

Supportive policies can help address challenges related to data privacy, interoperability, and the ethical use of AI in healthcare. 

Funding opportunities can drive innovation by supporting research and development efforts, enabling the creation of advanced AI 

solutions and their integration into clinical practice. 

Collaborative efforts between the public and private sectors will also be essential for advancing AI in drug dosage optimization. 

Partnerships between government agencies, healthcare organizations, and technology companies can foster the development of 

standardized protocols, best practices, and regulatory frameworks (Olatunji, et. al., 2024, Osunlaja, et. al., 2024, Udegbe, et. al., 

2024). These collaborations can help ensure that AI systems are developed and implemented in a way that maximizes their benefits 
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while addressing potential risks and ethical considerations. For example, public-private partnerships could facilitate the development 

of data-sharing agreements that enable the aggregation of large, diverse datasets for training AI algorithms. Such collaborations 

could also support the establishment of regulatory guidelines for AI in healthcare, ensuring that new technologies are evaluated 

rigorously and integrated safely into clinical workflows. 

Moreover, fostering an environment of innovation requires continuous dialogue between stakeholders to address emerging 

challenges and opportunities. Engaging healthcare professionals, patients, and technology developers in discussions about AI’s role 

in drug dosage optimization can help identify practical needs, ensure user-friendly designs, and address concerns about transparency 

and accountability (Adebamowo, et. al., 2017, Enahoro, et. al., 2024, Olatunji, et. al., 2024). As AI continues to evolve, there is also 

a growing need for interdisciplinary research to explore the full potential of these technologies. Collaboration between data scientists, 

healthcare providers, pharmacologists, and ethicists will be crucial in developing AI systems that are not only technologically 

advanced but also aligned with clinical needs and ethical standards. 

The future of AI in optimizing drug dosage and reducing medication errors will likely be characterized by increasing sophistication 

and integration of these technologies into routine clinical practice. With advances in machine learning and AI algorithms, we can 

anticipate more accurate, personalized medication management and improved patient safety (Igwama, et. al., 2024, Maha, Kolawole 

& Abdul, 2024, Olaboye, et. al., 2024). However, achieving these benefits will require ongoing support from policymakers, 

collaboration between various stakeholders, and a commitment to addressing the ethical and practical challenges associated with AI 

in healthcare. In summary, the future directions of AI in optimizing drug dosage and reducing medication errors are promising and 

multifaceted. Emerging technologies and innovations hold the potential to revolutionize how medications are prescribed and 

managed, enhancing patient outcomes and safety. To fully realize these benefits, it is essential to support these advancements through 

effective policy and regulatory frameworks, collaborative efforts, and interdisciplinary research. As the field continues to evolve, the 

integration of AI into healthcare systems will play a pivotal role in shaping the future of medication management and patient care. 

 

2.8. Conclusion 

 

In conclusion, AI stands at the forefront of revolutionizing drug dosage optimization and reducing medication errors, offering 

transformative potential for enhancing patient safety and improving therapeutic outcomes. By harnessing the power of advanced 

algorithms, machine learning, and big data, AI systems are poised to refine how medications are prescribed and managed, ultimately 

leading to more personalized and effective treatment strategies. The role of AI in optimizing drug dosage is underscored by its ability 

to analyze vast amounts of data, integrate diverse information sources, and provide precise, individualized recommendations. AI-

driven tools can now assess genetic profiles, real-time physiological data, and patient histories to tailor drug dosages that align with 

each patient's unique needs. This personalized approach helps to minimize adverse drug reactions, enhance treatment efficacy, and 

improve overall patient outcomes. 

Furthermore, AI's contribution to reducing medication errors is significant. Through sophisticated predictive analytics and real-time 

monitoring, AI systems can identify potential issues before they arise, ensuring safer medication practices. By analyzing patterns 

and predicting potential interactions or side effects, AI can guide clinicians in making more informed decisions and preventing errors 

that could compromise patient safety. Despite the promising advancements, challenges remain. Ensuring data privacy and security, 

addressing implementation barriers, and fostering trust among healthcare providers are crucial for the successful integration of AI 

technologies. Ongoing efforts in research, policy development, and collaboration between stakeholders will be vital in overcoming 

these challenges and maximizing the benefits of AI in healthcare. 

As the field continues to evolve, there is a compelling need for sustained investment and exploration. The potential for AI to enhance 

drug dosage optimization and reduce medication errors highlights the importance of further research and development in this area. 

Embracing AI technologies, supported by robust regulatory frameworks and interdisciplinary collaboration, will pave the way for 

safer, more effective healthcare solutions.  In essence, AI has the power to transform medication management, offering a future 

where drug dosages are precisely tailored, medication errors are significantly reduced, and patient safety is enhanced. The journey 

ahead involves continued innovation, investment, and a commitment to integrating AI in a way that meets clinical needs and 

addresses ethical considerations. By advancing these technologies and fostering a supportive environment, we can harness AI's full 

potential to improve healthcare outcomes and ensure a safer, more personalized approach to medicine. 
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