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Abstract 

Artificial Intelligence (AI) is revolutionizing pharmaceutical services by enabling personalized patient care and 

improving medication adherence. This review explores how AI-driven models are transforming the healthcare 

landscape, particularly in tailoring treatment plans based on patient-specific data such as genetic profiles, 

lifestyle factors, and co-morbidities. The paper examines the role of AI in predicting non-adherence, optimizing 

medication choices, and supporting real-time monitoring through mobile apps, smart devices, and 

pharmacogenomics. Key challenges such as ethical concerns, data privacy, and technology adoption are 

discussed, alongside recommendations for future research and integration of AI into mainstream pharmaceutical 

services. As AI continues to evolve, its potential to enhance personalized care and improve patient outcomes in 

pharmaceutical settings is immense. 
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I. Introduction 

The role of artificial intelligence (AI) in healthcare has evolved significantly over recent years, reshaping 

how care is delivered and managed. With its advanced data processing capabilities and predictive analytics, AI 

has the potential to revolutionize patient care, particularly in the pharmaceutical sector (Wiljer & Hakim, 2019). 

Traditionally, pharmaceutical services have focused on a one-size-fits-all approach, with standardized treatment 

protocols being applied broadly across patient populations. However, individual variations in genetic makeup, 

lifestyle, and co-morbidities mean that patients often respond differently to the same treatments (Patil & Shankar, 

2023). AI offers a pathway to overcome these challenges by enabling personalized treatment plans that cater to 

each patient's unique needs. 

AI technologies have already begun transforming areas such as diagnostic accuracy, imaging analysis, 

and predictive modeling for patient outcomes in healthcare. In pharmaceutical settings, the integration of AI 

presents an opportunity to refine and enhance care delivery. Specifically, AI-driven models can assist in 

optimizing treatment plans, predicting patient responses, and improving medication adherence. These innovations 

can lead to better patient outcomes and more efficient healthcare delivery (Chen & Decary, 2020). 

This paper aims to explore how AI-driven models can revolutionize pharmaceutical services by 

enhancing personalized patient care. It focuses on the following key areas: improving medication adherence 

through AI tools and tailoring pharmaceutical care to meet individual patient needs. Through these approaches, 

AI is poised to address long-standing challenges in the healthcare system and ensure that treatments are more 

effective and patient-centric. 

In summary, AI has the potential to significantly improve patient care in pharmaceutical settings by 

offering tailored treatment plans and enhancing medication adherence. This paper aims to examine these AI-

driven transformations in-depth, highlighting their potential to revolutionize pharmaceutical services. Through 

this exploration, we aim to demonstrate the importance of AI in enhancing the quality and efficiency of 

pharmaceutical care. 
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II. AI in Personalized Patient Care 

2.1 Role of AI Technologies In Analyzing Patient Data And Personalizing Treatment Plans 

The use of artificial intelligence (AI) in personalized patient care represents a paradigm shift in how 

healthcare services, particularly in the pharmaceutical sector, are delivered. With their unparalleled ability to 

analyze vast datasets, AI technologies can provide insights that facilitate the creation of individualized treatment 

plans (Vora et al., 2023). This is especially important in pharmaceutical care, where one-size-fits-all approaches 

often fail to account for the complexities of patient health, including genetic variability, lifestyle factors, and 

individual medical histories. By using AI to personalize treatment, healthcare providers can enhance outcomes, 

reduce the risk of adverse reactions, and optimize the overall efficacy of interventions (Sahu, Gupta, Ambasta, & 

Kumar, 2022). 

One of the key roles AI plays in personalized patient care is its capacity to analyze and integrate data 

from multiple sources. Traditional methods of patient assessment often rely on isolated data points such as recent 

lab results, physician notes, or patient-reported symptoms. Conversely, AI can synthesize a wide range of 

information, including electronic health records (EHRs), genomic data, lifestyle and behavioral patterns, and even 

real-time data from wearable devices. This holistic view of a patient enables the development of more nuanced 

and tailored treatment plans (Schork, 2019). For example, AI can analyze genomic data to identify mutations or 

markers influencing how a patient responds to a particular medication. This has led to pharmacogenomics, where 

AI is used to tailor drug prescriptions based on a patient’s genetic makeup. Certain patients may metabolize drugs 

differently, leading to variability in drug efficacy and the likelihood of side effects. AI can predict these responses 

by analyzing historical data and the patient’s unique genetic profile, ensuring that the prescribed medication is 

effective and safe. This process significantly reduces the risks associated with trial-and-error approaches to drug 

prescription, where patients may have to cycle through various medications before finding one that works for 

them (Trivedi et al., 2018). 

Moreover, AI can identify trends and patterns in patient behavior and medical history that may not be 

obvious to healthcare providers. AI systems can predict potential future outcomes or complications by analyzing 

past treatment outcomes, adherence levels, and behavioral data. For instance, AI models can assess a patient’s 

previous medication adherence and predict whether they are likely to adhere to a new treatment plan (Aminabee, 

2024). If the AI predicts non-compliance, healthcare providers can proactively intervene by adjusting the 

treatment plan or implementing support measures, such as digital reminders or educational resources. This 

predictive capability enables a more dynamic and responsive approach to patient care, ensuring that treatment 

plans are personalized and adaptable to changing patient behaviors and conditions (Roca, Tenyi, & Cano, 2019). 

AI-driven models are also proving valuable in optimizing medication choices, dosages, and treatment 

timelines based on individual patient profiles. Traditionally, medications and dosages have been prescribed based 

on broad demographic or diagnostic categories, but this often fails to take into account the individual variability 

that can impact treatment outcomes. AI can analyze data from a patient’s medical history, genetic profile, and 

even lifestyle choices to recommend the most effective drug and dosage for their specific condition. This ensures 

that patients receive a treatment that is tailored to their unique biology and circumstances (DeFrank & Luiz, 2022). 

 

2.2 Present Examples of AI Applications 

One notable example of AI optimizing treatment choices is IBM’s Watson for Oncology, which uses AI 

to provide evidence-based treatment recommendations for cancer patients. By analyzing a patient’s medical 

history and genetic data, Watson can suggest the most appropriate treatment options, including drug regimens 

tailored to the patient’s tumor type and stage. This level of personalization is crucial in cancer care, where 

individual responses to treatment can vary widely. By utilizing AI, oncologists can ensure that patients receive 

treatments that are more likely to be effective and minimize unnecessary side effects (Khan, Badhiwala, Grasso, 

& Fehlings, 2020). 

Another emerging application of AI in personalized care is the use of AI algorithms to predict optimal 

treatment timelines. For many conditions, the timing of interventions is just as important as the choice of 

treatment. AI models can analyze a patient's progression of symptoms, response to past treatments, and overall 

health trajectory to recommend when specific interventions should be initiated, modified, or discontinued. This is 

especially useful in chronic disease management, where treatment plans need to be adjusted over time as a 

patient’s condition evolves (Johnson et al., 2021). 

AI is also proving beneficial in the management of polypharmacy, which refers to the use of multiple 

medications by a patient, often seen in elderly populations or those with chronic illnesses. Managing 

polypharmacy can be complex, as interactions between medications can lead to adverse effects (Billstein-Leber, 

Carrillo, Cassano, Moline, & Robertson, 2018). AI systems can analyze a patient’s entire medication regimen, 

cross-reference it with known drug interaction data, and alert healthcare providers to potential issues. This ensures 

that patients receive an optimized medication plan that reduces the risk of harmful interactions and ensures each 

drug is contributing effectively to the patient’s overall treatment (Gabay & Spencer, 2019). 
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In addition to these specific applications, AI’s ability to personalize care extends to improving overall 

patient satisfaction and engagement. By providing treatment plans tailored to individual patients' needs and 

preferences, AI-driven models encourage greater patient involvement in their own care. When patients feel that 

their treatment is customized and designed with their specific needs in mind, they are more likely to adhere to 

prescribed medications and follow through on lifestyle changes that support their health. This leads to better 

outcomes and a higher quality of care (Kini & Ho, 2018). 

 

III. Enhancing Medication Adherence with AI 

3.1 AI in Predicting Non-Compliance 
One of the key ways AI can enhance medication adherence is by predicting which patients are at risk of 

non-compliance. Traditional adherence assessment methods typically involve retrospective analysis, such as 

reviewing patient refill records or conducting self-reported surveys. However, these methods are often inaccurate 

or incomplete. AI, by contrast, can analyze a wide range of data in real time, including patient behavior, medical 

history, and social determinants of health, to predict when a patient is likely to miss a dose or fail to follow their 

treatment regimen (Wu, Yang, Yuan, Long, & Tong, 2020). For example, AI models can track patient medication 

usage patterns and identify factors that correlate with missed doses, such as changes in daily routines, mental 

health status, or social circumstances. By recognizing these patterns early, AI systems can alert healthcare 

providers to the likelihood of non-adherence, allowing for timely interventions. This predictive capability enables 

a proactive approach, where healthcare providers can reach out to patients before they fall off their medication 

schedules, rather than waiting until non-adherence has already caused complications (Barrett et al., 2019). 

 

3.2 AI-Powered Tools for Medication Adherence 
AI-powered tools such as mobile health apps, smart pill dispensers, and wearable devices have emerged 

as effective solutions to improve medication adherence. These tools remind patients to take their medications, 

track their behavior, and provide real-time feedback to patients and healthcare providers (M. D. Ajegbile, J. A. 

Olaboye, C. C. Maha, G. Igwama, & S. Abdul, 2024; Emeihe, Nwankwo, Ajegbile, Olaboye, & Maha, 2024). 

Many mobile health apps now have AI features that enhance their ability to support medication adherence. These 

apps can be customized to send reminders at specific times, track whether medications have been taken, and even 

offer educational content about the importance of staying on schedule (Payne et al., 2020). Some apps also allow 

for two-way communication between patients and healthcare providers, enabling doctors to monitor adherence 

remotely and intervene if necessary. AI within these apps can analyze data trends to tailor reminders based on the 

patient’s previous adherence patterns. For example, suppose a patient tends to miss evening doses. In that case, 

the app might send additional reminders at that time or offer alternative scheduling options (Babel, Taneja, 

Mondello Malvestiti, Monaco, & Donde, 2021). 

Smart pill dispensers represent another AI-driven solution for medication adherence. These devices are 

programmed to dispense the correct dose of medication at the right time, reducing the risk of patients forgetting 

or taking the wrong dose (Bhambri & Khang, 2024). AI algorithms in these dispensers can track medication usage 

and alert patients, caregivers, or healthcare providers if doses are missed. Some dispensers are also equipped with 

lock mechanisms that prevent access to medication outside of scheduled times, ensuring that patients do not 

accidentally or intentionally overdose. The data collected by smart pill dispensers can be analyzed to identify 

patterns of non-adherence, and AI can adjust reminders or alerts to better suit the patient's behavior (Aungst, 

2021). 

AI-powered wearable devices, such as smartwatches or fitness trackers, can also improve medication 

adherence. These devices can track a patient’s health metrics, such as heart rate, activity levels, or sleep patterns, 

and integrate this data with medication schedules. By analyzing these metrics, AI algorithms can detect when a 

patient’s behavior or physiological state may indicate that they are at risk of non-adherence. For example, patients 

who consistently miss doses due to erratic sleep patterns might receive tailored alerts when the device detects 

irregular sleep. Furthermore, wearables can provide real-time data to healthcare providers, allowing for more 

informed and timely interventions (Komalasari, 2024). 

 

3.3 Examples of AI Enhancing Adherence 
AI-driven tools have already been implemented in various healthcare settings, with promising results in 

improving medication adherence and patient outcomes. One real-world example is the use of Proteus Digital 

Health’s smart pill system, which integrates ingestible sensors into medications. When the patient takes their 

medication, the sensor sends a signal to a wearable patch that tracks when the medication was taken. The data is 

then transmitted to a mobile app that both the patient and their healthcare provider can access (Alipour, Gabrielson, 

& Patel, 2020). By monitoring medication ingestion in real time, Proteus’ system allows providers to detect non-

adherence early and intervene when necessary. This technology has been particularly useful in managing chronic 

conditions such as hypertension and diabetes, where strict adherence to medication is essential for controlling the 
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disease. Studies have shown that patients using the Proteus system exhibit higher medication adherence rates than 

those relying on traditional methods (Yasmin et al.). 

Another example is the AI-powered app Medisafe, which helps patients manage complex medication 

schedules. Medisafe uses AI to analyze patterns of missed doses and provide personalized notifications that align 

with the user’s daily routines. For example, suppose a patient regularly misses a morning dose. In that case, 

Medisafe might suggest shifting the schedule to a time when the patient is more likely to remember (Higgins & 

Morico, 2023). The app also allows patients to share their adherence data with caregivers or healthcare providers, 

enabling them to offer support and encouragement when needed. A study conducted on Medisafe users reported 

a significant improvement in medication adherence, with patients indicating that the personalized reminders 

helped them stay on track (Vuong, 2024). 

 

IV. Tailoring Pharmaceutical Care to Individual Needs 

4.1 Tailoring Interventions for Chronic Diseases and Mental Health 

Chronic diseases such as diabetes, hypertension, and cardiovascular disease require long-term 

management and careful monitoring. The traditional approach often involves standard treatment protocols based 

on general population data, but these protocols may not always be the most effective for every individual 

(Chamberlain et al., 2018). AI offers the ability to tailor pharmaceutical interventions by analyzing the specific 

factors that influence each patient’s health condition. For instance, AI can process data from electronic health 

records (EHRs), real-time health monitoring devices, and patient-reported outcomes to create a more detailed 

picture of how a patient is responding to treatment. This information allows healthcare providers to make 

adjustments in medication type, dosage, or timing based on the patient’s evolving needs (Association, 2019). 

In the field of mental health, AI is beginning to play a pivotal role in customizing pharmaceutical care. 

Conditions like depression, anxiety, and bipolar disorder often require fine-tuning of medications to find the most 

effective treatment with the fewest side effects. AI models can analyze behavioral data, past responses to 

medications, and even biomarkers to recommend personalized interventions (Arowoogun et al., 2024; Nwankwo, 

Emeihe, Ajegbile, Olaboye, & Maha, 2024). For example, AI-powered platforms such as IBM’s Watson Health 

are used in mental health care to provide tailored treatment recommendations by analyzing both structured and 

unstructured patient data. This helps psychiatrists identify which medications are more likely to benefit a specific 

patient based on their medical history and personal characteristics (Chaurasia, 2023). 

 

4.2 AI and Pharmacogenomics: Adjusting Treatment Based on Genetics 

Pharmacogenomics, the study of how genes affect a person’s response to drugs, is a key area where AI 

is making significant advancements in personalized pharmaceutical care. Genetic differences between individuals 

can influence how well a drug works or the likelihood of adverse reactions. By analyzing genetic data, AI systems 

can predict which medications will be the most effective for a patient and at what dosage. This enables healthcare 

providers to offer more precise and effective treatments, reducing the need for trial-and-error approaches (Fink & 

Kraynak, 2023). 

One area where AI-driven pharmacogenomics is particularly beneficial is in cancer treatment. Different 

cancer patients may respond differently to the same chemotherapy drugs, depending on their genetic makeup. AI 

can analyze tumor genetic markers to determine which treatments are likely the most effective for a particular 

patient. For instance, Tempus, an AI-driven platform specializing in precision medicine, uses genetic sequencing 

data to recommend personalized cancer therapies. This technology analyzes a patient's genetic profile and 

compares it with vast amounts of clinical data to identify the most promising treatment options. The result is a 

more targeted approach that minimizes side effects and increases the likelihood of treatment success (Jeibouei et 

al., 2019). 

Moreover, pharmacogenomics is also proving useful in tailoring treatments for other chronic diseases. 

For example, in cardiovascular care, certain genetic variations can affect how patients metabolize drugs such as 

statins, which are commonly prescribed for cholesterol management. AI can predict whether a patient is likely to 

benefit from statin therapy or whether alternative treatments should be considered based on their genetic profile. 

This allows healthcare providers to prescribe medications that are more likely to be effective and avoid those that 

might cause harmful side effects (Jeibouei et al., 2019). 

 

4.3 Customizing Treatment Plans Based on Lifestyle and Co-Morbidities 

Beyond genetics, AI can tailor pharmaceutical care based on a patient’s lifestyle choices, habits, and co-

morbid conditions. Lifestyle factors such as diet, exercise, and smoking habits can all affect how a patient responds 

to medications. AI can analyze data from wearable devices, mobile apps, and patient self-reports to recommend 

personalized interventions that consider these factors. For instance, AI systems can track a diabetic patient’s 

glucose levels in real-time, alongside their exercise and diet habits, to provide precise insulin dosage 

recommendations that reflect their current condition. This dynamic approach ensures that treatment plans are 
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individualized and responsive to real-time changes in the patient’s health (M. D. Ajegbile, J. A. Olaboye, C. C. 

Maha, G. T. Igwama, & S. Abdul, 2024; Alemede, Nwankwo, Igwama, Olaboye, & Anyanwu, 2024). 

AI’s ability to consider co-morbidities—where patients have multiple chronic conditions at the same 

time—further enhances its potential in personalized pharmaceutical care. Patients with multiple diseases often 

require complex treatment regimens, which can lead to issues like drug interactions or over-prescription. AI 

algorithms can analyze a patient’s complete medical profile, including all co-existing conditions, to suggest drug 

combinations that are both effective and safe. In addition, AI can help to minimize the risk of adverse drug 

interactions, ensuring that each medication in a patient’s regimen contributes positively to their overall health 

without causing unintended harm (Reddy & Oliver, 2024). 

 

V. Conclusion 

AI has proven to be a transformative force in pharmaceutical care, offering unprecedented opportunities 

to personalize treatment plans and enhance medication adherence. By leveraging vast amounts of patient data, AI-

driven models can provide more accurate, tailored interventions for individuals, improving treatment outcomes 

and overall patient satisfaction. AI’s ability to analyze genetic profiles, lifestyle factors, and real-time health data 

enables healthcare providers to move beyond the traditional one-size-fits-all approach to pharmaceutical care. 

This personalization ensures that patients receive medications and dosages more likely to be effective for their 

unique circumstances, significantly enhancing safety and efficacy. Moreover, AI-powered tools such as smart pill 

dispensers, mobile health apps, and wearable devices have been instrumental in improving medication adherence 

by sending timely reminders and tracking compliance. 

While AI’s role in revolutionizing pharmaceutical care is undeniable, continued research is still needed 

to optimize its applications further. Future research should focus on refining AI algorithms to ensure they account 

for a wider range of patient variables, including socio-economic factors and behavioral health indicators. 

Expanding AI's capabilities to incorporate these factors could lead to even more comprehensive personalized care 

plans. Additionally, research should explore the potential of integrating AI into more areas of pharmaceutical care, 

such as predicting adverse drug reactions or optimizing treatment for rare diseases, where data availability is often 

limited. 

To fully realize AI's potential, greater efforts should be made to integrate AI-driven models into 

mainstream pharmaceutical services. Collaboration between healthcare institutions, pharmaceutical companies, 

and tech developers is essential to create scalable AI systems that can be implemented across diverse healthcare 

settings. Training healthcare professionals to effectively use these AI tools is equally important to ensure seamless 

adoption and successful patient outcomes. Investment in infrastructure, such as upgrading EHR systems to be AI-

compatible, will be crucial to support the widespread use of AI in healthcare. 

Despite its benefits, the integration of AI into pharmaceutical care is not without challenges. One of the 

major concerns is data privacy. AI systems require access to large amounts of sensitive patient information, raising 

concerns about how this data is stored, shared, and protected. To address this, healthcare providers must adhere 

to strict data security protocols and regulations, such as the Health Insurance Portability and Accountability Act 

(HIPAA) in the United States. Implementing advanced encryption methods and ensuring patient consent for data 

usage are essential steps in safeguarding patient privacy. 

Ethical concerns also arise with the use of AI in healthcare. AI algorithms can sometimes perpetuate 

biases, especially if the data used to train them does not represent diverse populations. To mitigate this risk, 

developers should ensure that AI systems are trained on diverse datasets that reflect the full spectrum of patient 

demographics. Additionally, the role of AI in decision-making should be clearly defined—AI should assist 

healthcare providers rather than replace human judgment to maintain ethical standards of care. Another challenge 

is the adoption of AI technologies by healthcare professionals. Resistance to new technologies is common, 

especially in fields where human expertise has long been the foundation of decision-making. To encourage 

adoption, it is important to provide comprehensive training programs demonstrating AI's benefits and how it can 

complement traditional medical practices. Healthcare institutions should create environments where AI is seen as 

a valuable tool for improving patient care rather than a threat to professional autonomy. 
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