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� AI can improve medication management, patient care, and healthcare efficiency in pharmacy.
� AI can enhance communication between patients and healthcare providers, but has limitations.
� Future research could explore AI integration with other healthcare systems.
� Further real-world validation is necessary despite the study's valuable insights.
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A B S T R A C T

The application of Artificial Intelligence (AI) is rapidly transforming various industries, and the pharmaceutical
industry is no exception. AI is increasingly being used to automate, optimize and personalize various aspects of
the pharmacy industry, from drug discovery to drug dispensing. In this context, this paper explores the potential
of AI to revolutionize the pharmacy industry, by discussing the current and future applications of AI in the in-
dustry. We will examine how AI is being used in drug discovery, personalized medicine, drug safety and quality
control, inventory management, and patient counselling. We will also discuss the challenges and limitations of AI
in the pharmacy industry, such as data privacy, ethical concerns and regulatory barriers. The paper will argue that
AI has the potential to revolutionize the pharmacy industry by enabling faster drug discovery, improving patient
outcomes, reducing costs, and increasing the efficiency and accuracy of various pharmacy operations. The old
pharmacy system relied on manual processes and human decision-making, while the new AI pharmacy system
automates routine tasks, provides personalized treatment plans, and reduces costs while improving patient out-
comes. However, it is important to ensure that AI is used ethically and responsibly, and that its impact on the
workforce and society is carefully considered. The major benefit of integrating AI into specific applications within
the pharmacy field is improved accuracy and efficiency in patient care. Overall, this paper will provide an insight
into the future of the pharmacy industry, and the transformative potential of AI in this field.
1. Introduction

The conventional pharmacy system relies heavily on manual pro-
cesses and human expertise, which can lead to inefficiencies, errors, and
delays. For example, the process of filling a prescription involves several
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manual steps, such as interpreting the prescription, dispensing the
medication, and verifying the dosage and frequency1–3. These manual
processes are prone to errors and can be time-consuming. Moreover, the
conventional pharmacy system lacks the ability to personalize medica-
tion regimens for individual patients, which can limit the efficacy of drug
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Fig. 1. Research gaps and hurdles for intelligent pharmacies.
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therapy. However, by using AI-powered tools like AI, pharmacies can
enhance their operations and overcome these limitations. AI can help
automate various aspects of the pharmacy workflow, from prescription
interpretation to drug dispensing, reducing the risk of errors and
improving efficiency. Additionally, by analyzing large amounts of patient
data, AI can assist pharmacists in developing personalized medication
regimens that are tailored to the patient's unique needs and medical
history. While the conventional pharmacy system has been effective in
providing patients with necessary medications, it is limited by its manual
processes and lack of personalization. The use of AI-powered tools like AI
can overcome these limitations, making the pharmacy system more
efficient, accurate, and personalized, ultimately leading to better patient
outcomes4–7.

The implications of AI in pharmacy apps for people at homes are
immense, providing several advantages to users. With AI integrated into
pharmacy apps, users can access medical advice, medication information,
and guidance on dosage and usage from the comfort of their homes. This
can be especially beneficial for people with mobility issues or those living
in remote areas. AI can also analyze a user's medical history and help
develop personalized medication regimens, including dosage, frequency,
and timing, ensuring that users are taking their medications correctly and
effectively. With AI integrated into pharmacy apps, users can receive 24/
7 support for any medication-related queries or concerns, eliminating the
need to wait for a pharmacist's office hours8–11. Moreover, it has the
ability to analyze large amounts of data can help identify medication
interactions, contraindications, and potential adverse effects, ensuring
that users receive accurate information and avoid harmful drug in-
teractions. By providing personalized medication management and ac-
curate information, AI can help improve patient outcomes and reduce the
risk of adverse drug events. The integration of AI into pharmacy apps can
provide several advantages, including improved accessibility, personal-
ized medication management, 24/7 support, increased accuracy, and
improved patient outcomes12–16.

While AI can be a powerful tool for enhancing the pharmacy system,
there are also some limitations that need to be considered. AI is a
machine-based system that may lack the empathy and personal touch
that a human pharmacist can provide. This could be particularly
important in sensitive situations where patients need emotional support.
AI's recommendations and advice are only as accurate as the data it is
provided with. If the data is incorrect, incomplete or biased, the rec-
ommendations could be incorrect or incomplete. AI's language profi-
ciency is based on the training data it has received, and it may not be able
to understand regional dialects, slang or other language nuances. As with
any AI-powered system, ethical concerns arise, particularly around data
privacy, informed consent, and potential biases in the system. Moreover
it is a complex system that requires significant computing resources and
technical expertise to maintain and update, which may pose a challenge
for some pharmacies. While AI can provide significant benefits to the
pharmacy system, it is important to consider its limitations, including its
lack of empathy and human touch, reliance on accurate data, limited
language proficiency, ethical concerns, and technical limitations17–22.

It is crucial to understand the use of AI in the pharmacy system and
weigh the tradeoffs between its advantages and disadvantages. While AI
can provide significant benefits to the pharmacy system, such as
increased accuracy, personalized medication management, and
improved patient outcomes, it also has limitations, such as the lack of
empathy and personal touch, reliance on accurate data, and potential
ethical concerns23–25. By understanding both the advantages and disad-
vantages of AI, pharmacists can make informed decisions about whether
or not to implement this technology in their practice. They can carefully
consider the potential benefits of AI, such as improving efficiency and
reducing the risk of medication errors, against its limitations, such as the
potential loss of human touch and ethical concerns around data privacy.
Pharmacists can also use AI as a tool to augment their expertise rather
than replace it entirely. They can use AI's personalized medication
management and data analysis capabilities to inform their decisions and
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enhance patient care, while still providing the personal touch and
empathy that human interaction brings. In summary, understanding the
use of AI in the pharmacy system is essential to make informed decisions
about implementing this technology26–29. Pharmacists need to carefully
weigh the advantages and disadvantages of AI and use it as a tool to
augment their expertise, ultimately leading to better patient outcomes.

The present research is novel in that it explores the use of a new AI-
powered pharmacy system that has not been extensively studied before.
The system incorporates machine learning algorithms that enable it to
process vast amounts of patient data, including medical history and ge-
netic information, to provide personalized treatment plans. This system
automates routine tasks such as prescription processing, drug interaction
checks, and inventory management, thereby improving the efficiency of
the pharmacy system. Moreover, the system's ability to provide person-
alized treatment plans based on patient data can lead to more accurate
diagnoses, better drug dosing, and fewer adverse reactions. By comparing
the performance of this AI-powered pharmacy system to the old manual
pharmacy system, this research demonstrates the potential of AI to
transform the way pharmacy systems work, with significant implications
for improving patient outcomes, reducing costs, and complying with
regulations. Overall, the research provides new insights into the potential
of AI in the pharmacy industry and paves the way for future research in
this area.

The use of AI in pharmacy implications shows promise, but there are
several research gaps that need to be addressed as shown in Fig. 1. These
include patient satisfaction with this technology, long-term outcomes
such as the impact on medication adherence, ethical implications such as
data privacy and potential biases, technical challenges including data
integration and system maintenance, and usability for both patients and
pharmacists. By addressing these research gaps, researchers can further
understand the implications of using AI in the pharmacy system, develop
solutions that maximize its benefits, and mitigate its limitations while
ensuring ethical use. The novelty of a study on the use of AI in the
pharmacy system lies in its potential to revolutionize the industry. While
there have been previous studies on the use of AI in healthcare, AI is a
state-of-the-art AI technology that can generate human-like responses to
natural language inputs, allowing patients to communicate with it in a
conversational manner. It can help identify the unique challenges and
opportunities associated with this technology, including its limitations
and ethical concerns. By understanding these challenges, researchers can
develop solutions that maximize the benefits of AI while mitigating its
limitations and ensuring ethical use30–32.

The objectives of the study are.



Fig. 2. Focus areas of the intelligent pharmacy system identified as
research objectives.
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� To evaluate the performance of the newAI-powered pharmacy system
in comparison to the old manual pharmacy system.

� To assess the impact of the AI-powered pharmacy system on effi-
ciency, patient outcomes, cost savings, and regulatory compliance.

� To analyze the feasibility and practicality of implementing the AI-
powered pharmacy system in different healthcare settings.

� To identify any potential drawbacks or challenges associated with
implementing the AI-powered pharmacy system.

� To provide recommendations for future research and development of
AI-powered pharmacy systems.

2. Need for AI in pharmacy system

While there is a growing interest in the use of AI in pharmacy systems,
it is important to note that its implementation should be carefully
considered and planned. While AI has the potential to revolutionize the
industry by providing personalized medication management and 24/7
support to patients, it is important to ensure that it is used ethically and
that potential limitations and challenges are addressed. Therefore, a
thoughtful and evidence-based approach is needed to ensure that AI is
used effectively and responsibly in the pharmacy system.

The growing population will benefit from the implementation of AI in
the pharmacy system as it can help address the increasing demand for
healthcare services. With personalized medication management and 24/
7 support, AI can help patients manage their medications more effec-
tively, reducing the need for frequent visits to healthcare providers. This
can help ease the burden on the healthcare system and improve access to
care for patients. Additionally, AI can potentially reduce medication er-
rors and adverse drug interactions, improving patient outcomes and
reducing healthcare costs. By improving medication management and
reducing the workload on healthcare providers, AI can help address the
challenges associated with the growing population and the increasing
demand for healthcare services.

The implementation of AI in the pharmacy system can help make the
world a better place in several ways. Firstly, it can improve access to
healthcare services by providing personalized medication management
and 24/7 support to patients [40, 42]. This can help patients manage
their medications more effectively and reduce the need for frequent visits
to healthcare providers, which can be especially beneficial in areas where
healthcare services are limited or inaccessible. Secondly, AI can poten-
tially reduce healthcare costs by minimizing medication errors and pre-
venting adverse drug interactions, resulting in fewer hospitalizations and
lower healthcare expenses. Thirdly, AI can reduce the workload on
healthcare providers, allowing them to focus on more complex tasks and
improving the quality of care they can provide. Overall, the imple-
mentation of AI in the pharmacy system has the potential to improve
healthcare outcomes, reduce healthcare costs, and increase access to
healthcare services, making the world a better place for everyone61–63.

3. Research objectives

It is necessary to understand the potential of AI in pharmacy because
it has the potential to revolutionize the way medication management is
performed, ultimately improving patient outcomes and reducing
healthcare costs. By providing personalized medication management and
24/7 support, AI can help patients manage their medications more
effectively, reducing the likelihood of medication errors, adverse drug
reactions, and hospitalizations. Additionally, AI can potentially reduce
the workload on healthcare providers, allowing them to focus on more
complex tasks and improve the quality of care they can provide. How-
ever, it is important to understand the potential limitations and chal-
lenges associated with the use of AI in the pharmacy system to ensure its
safe and effective implementation. Therefore, understanding the poten-
tial of AI in pharmacy is necessary to develop evidence-based solutions
that maximize its benefits and minimize its risks and are addressed in
Fig. 2.
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The research objectives of AI in the pharmacy system may include.

RO-1: To assess the feasibility of using AI in the pharmacy system for
personalized medication management and 24/7 support to patients.
RO-2: To evaluate the impact of AI on medication adherence and
patient outcomes, such as hospitalizations, adverse drug reactions,
and overall health status.
RO-3: To identify potential ethical implications, such as data privacy
and potential biases, associated with the use of AI in the pharmacy
system.
RO-4: To identify technical challenges, including data integration
and system maintenance, and develop solutions to overcome them.
RO-5: To assess the usability of AI for both patients and pharmacists
and identify areas for improvement.
RO-6: To evaluate the cost-effectiveness of AI in the pharmacy system
and compare it with traditional medication management approaches.

Overall, the research objectives of AI in the pharmacy system are to
evaluate its effectiveness, feasibility, and potential limitations, and to
develop solutions to maximize its benefits while mitigating its risks.

4. Process of AI in pharmacy system

The process of measuring the above criteria for pharmacy system
parameters administered by AI may involve the following steps.

� Define the parameters: Clearly define the parameters that are to be
measured, such as medication management, patient communication,
patient monitoring, drug interactions, adverse drug reactions, EHRs,
and data analytics. Defining the parameters is a critical step in eval-
uating the potential applications of AI in pharmacy. Medication
management is an essential parameter that AI can help address by
improving medication adherence, reducing medication errors, and
ensuring patients receive the correct medication at the right time.
Patient communication is another critical parameter that AI can
improve by providing 24/7 access to healthcare providers, answering
patient questions, and providing medication reminders. Patient
monitoring is another parameter that can be improved with AI. By
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monitoring vital signs and other patient health data, AI can alert
healthcare providers to potential issues or complications before they
become serious. Drug interactions and adverse drug reactions are
other essential parameters that can be better managed with AI. By
providing real-time medication data and alerts, AI can help health-
care providers identify potential drug interactions or adverse re-
actions and take action to prevent harm. Electronic health records
(EHRs) and data analytics are additional parameters that AI can help
address. By integrating with EHR systems, AI can provide real-time
patient data, helping healthcare providers make informed decisions
about patient care. Data analytics can also be used to identify trends
and patterns in patient data, providing insights that can be used to
improve healthcare outcomes. By defining these parameters and
evaluating AI's potential impact on each, healthcare providers can
better understand the technology's potential applications in pharmacy
and how it can improve patient care.

� Develop measurement tools: Develop tools to measure each
parameter, such as questionnaires, surveys, or data collection forms.
Developing measurement tools is crucial to evaluate the effectiveness
of AI in improving the various parameters defined in the previous
step. The tools can be developed in various forms, such as question-
naires, surveys, or data collection forms, depending on the specific
parameter being measured. For instance, medication adherence can
be measured through a medication tracking tool that allows patients
to log when they take their medication, while patient communication
can be measured through a survey that asks patients about their
satisfaction with communication channels. Once the tools have been
developed, they should be validated to ensure their accuracy and
effectiveness. The validation process can involve testing the tools
with a small group of patients or healthcare providers to identify any
issues or inconsistencies. The tools should also be tested for reliability
and validity, ensuring that they measure what they are intended to
measure consistently and accurately. By developing and validating
measurement tools, healthcare providers can ensure that they are
accurately evaluating the impact of AI on pharmacy parameters,
providing valuable data to inform future implementation and
improvement efforts.

� Collect data: Collect data on each parameter from patients, health-
care providers, and electronic health records. Collecting data is an
essential step in evaluating the effectiveness of AI in the pharmacy
system. The data can be collected from various sources, including
patients, healthcare providers, and electronic health records. Patients
can provide valuable information on parameters such as medication
adherence and communication, while healthcare providers can offer
insights into parameters such as adverse drug reactions and drug in-
teractions. Electronic health records can provide a wealth of infor-
mation on patient history, treatment plans, and outcomes, making it
an essential source of data for any study on the impact of AI in the
pharmacy system. The data collected should be analyzed to identify
trends, patterns, and correlations. This analysis can help to identify
areas of improvement and assess the effectiveness of AI in improving
the identified parameters. The data can also be used to inform future
implementation and improvement efforts, providing valuable insights
into the impact of AI on pharmacy practices. The data should be
carefully managed to ensure its accuracy, completeness, and confi-
dentiality, following appropriate data security protocols and ethical
considerations.

� Analyze data: Analyze the data collected to identify trends and
patterns in medication adherence, drug interactions, adverse drug
reactions, and other factors. Once the data is collected, it needs to be
analyzed to draw meaningful conclusions from it. The data collected
can be analyzed using various statistical and machine learning tech-
niques to identify patterns and trends that can inform decision-
making. The analysis can help identify medication adherence rates,
potential drug interactions, and adverse drug reactions. With this
information, healthcare providers can develop personalized
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treatment plans that are tailored to each patient's specific needs,
reducing the risk of adverse outcomes. Additionally, analyzing the
data can help identify gaps and opportunities for improvement in the
pharmacy system. For example, if the data shows that medication
adherence rates are low, healthcare providers can develop in-
terventions to improve medication adherence, such as patient edu-
cation or reminder systems. By analyzing the data, healthcare
providers can continuously monitor and improve the pharmacy sys-
tem, leading to better patient outcomes and overall healthcare quality
for example in a study meta-analysis indicated that ligustrazine in-
jection combined withWestern medicine could achieve a better effect
in the treatment26.

� Interpret the results: Interpret the results of the analysis to deter-
mine the effectiveness of AI in managing medication regimens,
improving patient outcomes, and reducing healthcare costs. After
analyzing the data, the results need to be interpreted to determine the
effectiveness of AI in managing medication regimens, improving pa-
tient outcomes, and reducing healthcare costs. The interpretation of
results involves looking for patterns and relationships between the
different parameters measured and the impact of AI on those pa-
rameters. For example, if the data shows that AI has a significant
impact on medication adherence rates, this suggests that AI could be
an effective tool for improving patient outcomes and reducing
healthcare costs. Furthermore, interpreting the results involves
comparing the performance of AI to that of other traditional phar-
macy systems to determine its relative effectiveness. This comparison
can help identify the strengths and weaknesses of AI compared to
traditional pharmacy systems, providing insights into how AI can be
further improved. Additionally, interpreting the results can help
identify the key factors that influence the success of AI in managing
medication regimens, improving patient outcomes, and reducing
healthcare costs. These factors can inform the development of stra-
tegies for scaling up AI in pharmacy systems and integrating it into
the broader healthcare system.

� Adjust parameters: Based on the results, adjust the parameters to
optimize the effectiveness of AI in managing medication regimens
and providing personalized support to patients. After interpreting the
results, it may be necessary to adjust the parameters that were defined
earlier. For example, if medication adherence was found to be low,
the frequency of medication reminders could be increased or the
content of the reminders could be changed to better engage patients.
Similarly, if drug interactions or adverse drug reactions were identi-
fied, additional alerts or interventions could be added to the system to
reduce the risk of harm to the patient. Adjusting the parameters in
response to the data analysis can help optimize the effectiveness of AI
in managing medication regimens and improving patient outcomes. It
is important to note that the adjustment of parameters should be an
ongoing process. As new data is collected and analyzed, changes to
the system may need to be made to ensure continued effectiveness.
Additionally, patient feedback should be taken into consideration
when adjusting parameters to ensure that the system is meeting their
needs and preferences. By regularly adjusting and optimizing the
parameters, AI can continue to improve the management of medica-
tion regimens and provide personalized support to patients, ulti-
mately leading to better healthcare outcomes.

� Continuously monitor and evaluate: Continuously monitor and
evaluate the parameters to ensure that AI is providing optimal support
to patients and healthcare providers. Continuous monitoring and
evaluation are critical components of implementing AI in the phar-
macy system. By monitoring the parameters and evaluating the
effectiveness of AI, pharmacists can identify areas for improvement
and ensure that the system is meeting the needs of patients and
healthcare providers. For example, suppose the analysis reveals that
patients are experiencing adverse drug reactions despite AI's inter-
vention. In that case, the pharmacists may adjust the parameters to
provide more targeted support to patients experiencing side effects.
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Another example is that if the data analysis shows that patients are
struggling with medication adherence, pharmacists may adjust the
communication parameters to provide more personalized reminders
and support. Continuous monitoring and evaluation allow pharma-
cists to make data-driven decisions and adjust AI's parameters to
improve patient outcomes continually.

Overall, the process of measuring the criteria for pharmacy system
parameters administered by AI involves a continuous cycle of data
collection, analysis, interpretation, adjustment, and evaluation to opti-
mize the effectiveness of AI in managing medication regimens and
providing personalized support to patients.

5. Pharmacy system parameters administered by AI

Artificial intelligence (AI) has the potential to revolutionize the field
of pharmacy by offering a more efficient and personalized approach to
patient care. One way this can be achieved is through the use of AI, a
language model that uses deep learning to generate human-like re-
sponses. AI can be used to administer various parameters of the phar-
macy system, including medication management, patient
communication, patient monitoring, drug interactions, adverse drug re-
actions, electronic health records, and data analytics. By leveraging the
capabilities of AI in these areas, healthcare providers can enhance patient
outcomes and reduce healthcare costs. This paper will explore the po-
tential applications of AI in pharmacy system parameters and how it can
be utilized to improve patient care. Possible criteria for pharmacy system
parameters administered by AI may include.

1. Medication management: AI can be programmed to manage patient
medication regimens, including dosage, frequency, and timing of
administration. One real-world example of AI's potential in medica-
tion management is in the treatment of diabetes. Patients with dia-
betes require careful management of their insulin dosages, as
fluctuations in blood sugar levels can lead to serious complications. AI
can be programmed to remind patients to take their insulin at the
appropriate times, monitor their blood sugar levels, and provide
personalized recommendations for adjustments to their medication
regimen. This can help patients to better manage their diabetes and
prevent serious complications such as diabetic ketoacidosis or dia-
betic retinopathy. Additionally, AI can provide healthcare providers
with real-time data on patients' insulin usage and blood sugar levels,
allowing for more accurate and timely adjustments to treatment
plans.

2. Patient communication: AI can provide patients with personalized
medication instructions and reminders, as well as answer questions
and address concerns. A real-world example of patient communica-
tion using AI could involve a patient who is prescribed a new medi-
cation and is unsure about its potential side effects. Instead of calling
their healthcare provider or searching for information online, the
patient could communicate with AI through a messaging platform. AI
would be able to provide personalized information about the medi-
cation, including potential side effects, how to take it, and any pre-
cautions or warnings. The patient would feel more informed and
confident about taking their medication, leading to improved medi-
cation adherence and potentially better health outcomes. In addition,
AI's ability to provide 24/7 support would alleviate the burden on
healthcare providers and allow them to focus on more complex pa-
tient cases.

3. Patient monitoring: AI can monitor patient adherence to medication
regimens and alert healthcare providers if patients are not adhering to
their prescribed treatment plan. A real-world example of AI admin-
istering patient monitoring in pharmacy could be in the management
of chronic conditions such as diabetes. AI could be programmed to
monitor patients' blood glucose levels through integration with
wearable devices and remind patients to take their insulin or other
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medications as prescribed. If a patient consistently misses doses or
experiences significant changes in blood glucose levels, AI could alert
healthcare providers to intervene and adjust the treatment plan
accordingly. This could lead to improved patient outcomes, reduced
hospitalizations and complications associated with uncontrolled
diabetes.

4. Drug interactions: AI can screen for potential drug interactions,
including drug-drug and drug-disease interactions, and provide alerts
to healthcare providers and patients. An example of how AI can help
in drug interaction management is through screening for potential
interactions between medications that a patient is taking. For
instance, if a patient is taking a medication for high blood pressure
and is prescribed a new medication for depression, AI can screen for
potential drug interactions between the two medications. If there is a
potential interaction, AI can alert the patient and healthcare provider
to the risk and provide recommendations for how to manage the
interaction, such as adjusting dosages or prescribing an alternative
medication. AI can also screen for potential drug–disease interactions,
such as a medication that may worsen a pre-existing medical condi-
tion. For example, if a patient has a history of kidney disease and is
prescribed a new medication, AI can screen for potential interactions
between the medication and the patient's kidney function. If there is a
potential interaction, AI can alert the healthcare provider and suggest
alternative medications or dosages. By screening for potential drug
interactions, AI can help improve patient safety and reduce the risk of
adverse drug events, such as drug toxicity or treatment failure.

5. Adverse drug reactions: AI can monitor patients for adverse drug
reactions and alert healthcare providers and patients if any symptoms
are detected. A real-world example of AI's potential in monitoring
adverse drug reactions is the case of a patient who has been pre-
scribed a medication for high blood pressure. AI can monitor the
patient's vital signs, such as blood pressure and heart rate, and
compare them to baseline values. If any abnormalities are detected, AI
can alert the healthcare provider to the possibility of an adverse drug
reaction. AI can also ask the patient about any symptoms they may be
experiencing and provide recommendations for how to manage those
symptoms. In this way, AI can help prevent adverse drug reactions
and improve patient safety.

6. Electronic health records (EHRs): AI can integrate with electronic
health records to provide healthcare providers with real-time updates
on patient medication management and treatment progress. An
example of AI's integration with EHRs can be seen in the medication
reconciliation process. Medication reconciliation is the process of
creating the most accurate list possible of all medications a patient is
taking, including the name, dosage, frequency, and route of admin-
istration. This is crucial for ensuring that patients receive safe and
effective treatment, as medication errors can lead to adverse drug
events and hospital readmissions. AI can be programmed to analyze a
patient's medication history from their EHRs and reconcile any dis-
crepancies or incomplete information. This can save healthcare pro-
viders time and effort in manually reviewing medication lists and
reduce the risk of medication errors. Additionally, AI can provide
alerts for potential medication discrepancies or drug interactions
based on the patient's medication history, making it easier for
healthcare providers to identify and prevent adverse drug events.

7. Data analytics: AI can analyze patient data to identify trends and
patterns in medication adherence, drug interactions, and adverse
drug reactions. A real-world example of data analytics in pharmacy
system administered by AI could involve analyzing data on medica-
tion adherence for a specific patient population. The AI system could
collect data from electronic health records, patient surveys, and other
sources to identify patients who are struggling to adhere to their
medication regimens. It could then use machine learning algorithms
to identify factors that are associated with poor adherence, such as
side effects or complex dosing schedules. The system could then use
this information to provide personalized support to patients, such as
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sending reminders or providing additional education about their
medications. Healthcare providers could also use this information to
make adjustments to treatment plans or medication regimens to
improve adherence and patient outcomes. Additionally, the data an-
alytics could be used to identify broader trends and patterns in
medication adherence across different patient populations, which
could inform the development of more effective interventions and
support systems.

Overall, the criteria for pharmacy system parameters administered by
AI should be designed to improve patient outcomes, reduce healthcare
costs, and provide personalized medication management and support to
patients.

6. Potential applications of AI in pharmacy system

AI, an AI-powered conversational agent, has the potential to revolu-
tionize the pharmacy system by providing personalized and real-time
support to patients and healthcare providers. Its natural language pro-
cessing (NLP) capabilities and machine learning algorithms allow it to
understand and interpret patient requests and provide accurate and
timely responses. The applications of AI in pharmacy are numerous and
range from medication management to data analytics. This technology
can improve patient outcomes, reduce healthcare costs, and enhance the
efficiency of healthcare delivery. This article will discuss the potential
applications of AI in pharmacy and how it can transform the future of
healthcare. The applications of the intelligent system were performed
using the framework as shown in Fig. 3. Also after identifying the areas of
research the following probable applications can be seen in pharmacy
system as shown in Table 1.

Artificial Intelligence (AI) is rapidly transforming the future of
pharmacy by revolutionizing the industry. The potential of AI in phar-
macy is enormous, ranging from drug discovery to patient care. AI can
help to streamline and automate various aspects of the pharmacy system,
including drug development, clinical decision-making, medication
management, and patient monitoring. AI-powered systems can quickly
analyze large amounts of data, providing insights that can help phar-
macists make informed decisions about patient care. This can lead to
improved patient outcomes, increased efficiency, and reduced healthcare
costs. Overall, the implementation of AI in pharmacy has the potential to
transform the way we approach healthcare, making it more personalized,
efficient, and effective.

In addition to the above mentioned benefits, AI can also help to
identify potential drug interactions, adverse reactions, and other safety
concerns. AI-powered systems can analyze patient data, such as medical
history, genetic information, and medication usage, to identify potential
risks and provide personalized recommendations for medication man-
agement. This can help to reduce the likelihood of medication errors and
Fig. 3. Framework for understanding potential applications of AI in Phar-
macy system.
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improve patient safety. AI can also assist in drug development by
analyzing large amounts of data to identify potential drug targets and
predict the efficacy of new drugs. This can help to speed up the drug
discovery process and reduce the cost of developing new medications.

Another area where AI can make a significant impact is in the man-
agement of chronic conditions. AI-powered systems can monitor patient
health data, such as vital signs, symptoms, and medication adherence, to
identify potential issues and provide timely interventions. This can help
to improve patient outcomes and reduce healthcare costs by avoiding
hospitalizations and emergency room visits. Overall, the integration of AI
in pharmacy has the potential to revolutionize the way healthcare is
delivered, making it more personalized, efficient, and effective. As AI
technology continues to advance, we can expect to see even more inno-
vative applications in the field of pharmacy, further transforming the
future of healthcare.

7. Discussion

The potential applications of AI in pharmacy are vast and can greatly
benefit future pharmacists. Firstly, the use of AI in medication manage-
ment can significantly improve the accuracy and safety of medication
dispensing. Pharmacists can leverage AI-powered systems to provide
personalized medication recommendations and monitor patients' medi-
cation adherence. This can help to reduce the likelihood of medication
errors and ensure patients receive the correct medication at the right
time. This will enable pharmacists to focus more on patient care and
counseling, improving the overall quality of care provided. Secondly, the
use of AI in drug development can accelerate the drug discovery process
and help pharmacists identify potential drug targets more efficiently.
With the increasing demand for new and effective medications, the use of
AI can help pharmacists to quickly and accurately analyze vast amounts
of data to predict the efficacy of new drugs. This can help pharmacists to
develop new medications faster and at a lower cost, improving patient
outcomes and reducing healthcare costs.

The proposed work on the use of AI in the pharmacy system has
several merits. Firstly, it has the potential to improve patient outcomes by
providing personalized treatment plans and reducing the risk of adverse
drug reactions. Secondly, it can enhance the efficiency of the pharmacy
system by automating routine tasks and reducing the workload on
healthcare providers. Finally, it contributes to the development of new
methodologies and tools for analyzing large amounts of patient data,
which can have broader implications for the development of AI in
healthcare.

AI can further assist pharmacists in the management of chronic con-
ditions, such as diabetes, hypertension, and heart disease. By leveraging
AI-powered systems to monitor patient data, pharmacists can identify
potential issues early on and provide timely interventions. This can help
to reduce the likelihood of hospitalizations and emergency room visits,
improving patient outcomes and reducing healthcare costs. Overall, the
potential applications of AI in pharmacy can greatly benefit future
pharmacists, improving the accuracy and safety of medication
dispensing, accelerating the drug discovery process, and assisting in the
management of chronic conditions. As AI technology continues to
advance, we can expect to see even more innovative applications in the
field of pharmacy, further transforming the future of healthcare.

The implementation of AI in the present pharmacy system can be
facilitated by a range of tools such as machine learning algorithms,
natural language processing, robotics, electronic health records, data
analytics software, chatbots, and virtual assistants. These tools can
automate routine tasks, analyze large amounts of patient data, provide
personalized treatment plans, and improve the accuracy and efficiency of
the pharmacy system. By incorporating these tools, healthcare providers
can improve patient outcomes, reduce costs, and comply with regula-
tions. The use of these tools also highlights the potential of AI to trans-
form the healthcare industry, making it more efficient, effective, and
accessible.



Table 1
Integration of artificial intelligence in modern pharmacy practice.

S.No Pharmacy System
Applications

Description Benefits References

1 Medication reminders AI can provide personalized medication reminders to patients, including dosage
and timing of administration

Improved medication adherence,
reduced risk of missed doses

31,33

2 Drug interactions AI can screen for potential drug interactions and provide alerts to healthcare
providers and patients

Reduced risk of adverse drug
interactions, improved patient safety

28,33

3 Patient communication AI can answer questions and address concerns from patients, providing
personalized support

Improved patient satisfaction, increased
patient engagement

35,37

4 Adverse drug reaction
monitoring

AI can monitor patients for adverse drug reactions and alert healthcare providers
and patients if any symptoms are detected

Improved patient safety, reduced
healthcare costs

36,39

5 Personalized medication
management

AI can manage patient medication regimens, including dosage, frequency, and
timing of administration

Improved medication adherence,
reduced risk of missed doses

41,43

6 Electronic health record
(EHR) integration

AI can integrate with EHRs to provide healthcare providers with real-time
updates on patient medication management and treatment progress

Improved coordination of care, reduced
risk of medication errors

44,45

7 Chronic disease management AI can provide personalized support and medication management for patients
with chronic conditions, such as diabetes or hypertension

Improved disease management, reduced
healthcare costs

46,47

8 Patient education AI can provide patients with educational resources on medication management,
disease management, and other health-related topics

Improved patient knowledge, increased
patient engagement

48,49

9 Data analytics AI can analyze patient data to identify trends and patterns in medication
adherence, drug interactions, and adverse drug reactions

Improved patient outcomes, reduced
healthcare costs

35,38

10 Prescription refill
management

AI can assist patients with prescription refills, including reminders and online
ordering

Improved medication adherence,
increased patient convenience

50,51

11 Prescription transfer AI can assist patients with transferring prescriptions between pharmacies Increased patient convenience, improved
medication adherence

30,36

12 Medication dosage
adjustments

AI can assist healthcare providers with adjusting medication dosages based on
patient data

Improved patient outcomes, reduced risk
of medication errors

52,53

13 Drug formulary management AI can assist healthcare providers with selecting medications based on patient
data and formulary requirements

Reduced healthcare costs, improved
patient outcomes

54

14 Medication therapy
management

AI can provide medication therapy management services, including
comprehensive medication reviews and medication counseling

Improved medication adherence,
reduced risk of medication errors

55,56

15 Patient screening AI can screen patients for potential medication-related issues, such as
nonadherence or drug interactions

Improved patient outcomes, reduced
healthcare costs

28,41

16 Patient triage AI can assist healthcare providers with triaging patients based on their
medication-related needs

Improved patient outcomes, reduced
healthcare costs

57,58

17 Medication reconciliation AI can assist healthcare providers with reconciling medication lists between
different care settings

Improved coordination of care, reduced
risk of medication errors

36,38

18 Patient-centered care AI can provide personalized medication management and support, tailored to
each patient's unique needs

Improved patient satisfaction, increased
patient engagement

34,39

19 Medication adherence
tracking

AI can track patient medication adherence and provide alerts to healthcare
providers and patients if nonadherence is detected

Improved medication adherence,
reduced healthcare costs

28

20 Telemedicine support AI can provide telemedicine support, including virtual medication reviews and
consultations

Increased patient convenience, improved
access to care

59,60
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The academic contributions of the study on the use of AI in the
pharmacy system are significant. Firstly, the study provides insights into
the potential of AI to transform the pharmacy industry, demonstrating its
ability to automate routine tasks, provide personalized treatment plans,
and improve patient outcomes. This can lead to more accurate diagnoses,
better drug dosing, and fewer adverse reactions, all of which can have a
positive impact on patient health. Secondly, the study contributes to the
development of new methodologies and tools for analyzing large
amounts of patient data, including machine learning algorithms, natural
language processing, and data analytics software. This can have broader
implications for the development of AI in healthcare, which is a rapidly
growing field. Finally, the study highlights the challenges and limitations
associated with implementing AI in healthcare, providing recommen-
dations for future research and development in this area. Overall, the
study's academic contributions demonstrate the potential of AI to revo-
lutionize the healthcare industry and pave the way for new research in
this field.

8. Conclusion, scope for future work and limitations

In conclusion, the potential applications of AI in pharmacy can
revolutionize the industry, providing numerous benefits for both phar-
macists and patients. From medication management to drug discovery
and chronic disease management, AI technology can improve the accu-
racy and safety of medication dispensing, accelerate the drug
38
development process, and help to improve patient outcomes. The
implementation of AI technology can also help to reduce healthcare costs
by improving efficiency and reducing errors. However, it is important to
note that the implementation of AI in pharmacy also presents some
limitations and challenges that need to be addressed. For example, there
may be concerns around patient privacy and security when using AI-
powered systems to monitor patient data. Additionally, there may be a
need for pharmacists to undergo additional training to effectively use and
integrate AI technology into their practice. Nonetheless, with proper
implementation and management, the benefits of AI in pharmacy far
outweigh the potential limitations and challenges, paving the way for a
brighter future in healthcare.

While the potential applications of AI in pharmacy are vast, there is
still much work that needs to be done in terms of research and devel-
opment. One potential area for future study could be the integration of AI
technology with other healthcare systems, such as electronic health re-
cords (EHRs) or telemedicine platforms. This could allow for a more
comprehensive and coordinated approach to healthcare delivery,
improving patient outcomes and reducing healthcare costs. Another area
for future research could be the ethical considerations around the use of
AI technology in pharmacy. As the technology continues to evolve, it is
important to consider issues such as data privacy and security, algo-
rithmic bias, and the potential for AI systems to replace human jobs.
Addressing these issues in a thoughtful and proactive manner can help to
ensure that the implementation of AI in pharmacy is both effective and
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ethical. By continuing to explore these areas of study, we can further
unlock the potential of AI technology in pharmacy and pave the way for a
more efficient and effective healthcare system.

The study has limitations as it lacks real-world implementation and
validation, and primarily focuses on the benefits of AI in pharmacy
without exploring potential challenges. Further research is needed to
validate findings in real-world settings and to explore potential chal-
lenges and negative implications of AI in pharmacy.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

1. Allen Flynn. Using artificial intelligence in health-system pharmacy practice: finding
new patterns that matter. Pharm.D., Ph.D Am J Health Syst Pharm. 2019;76(9):
622–627. https://doi.org/10.1093/ajhp/zxz018, 1 May.

2. Vaishya R, Javaid M, Khan IH, Haleem A. Artificial intelligence (AI) applications for
COVID-19 pandemic, diabetes & metabolic syndrome. Clin Res Rev. 2020;14(4):
337–339. https://doi.org/10.1016/j.dsx.2020.04.012, 2020.

3. Khan O, Khan MZ, Alam MT, et al. Comparative study of soft computing and
metaheuristic models in developing reduced exhaust emission characteristics for
diesel engine fueled with various blends of biodiesel and metallic nanoadditive
mixtures: an ANFIS–GA–HSA approach. ACS Omega. 2023;8:7344–7367. https://
doi.org/10.1021/acsomega.2c05246, 2023.

4. Patra B, Nema P, Khan MZ, Khan O. Optimization of solar energy using MPPT
techniques and industry 4.0 modelling. Sustainable Operations and Computers. 2023;4:
22–28. https://doi.org/10.1016/j.susoc.2022.10.001.

5. Haleem A, Javaid M, Singh RP, Suman R. Exploring the revolution in healthcare
systems through the applications of digital twin technology. Biomedical Technology.
2023;4:28–38. https://doi.org/10.1016/j.bmt.2023.02.001.

6. Ahmad S, Parvez M, Khan TA, Khan O. A hybrid approach using AHP–TOPSIS
methods for ranking of soft computing techniques based on their attributes for
prediction of solar radiation. Environmental Challenges. 2022. https://doi.org/
10.1016/j.envc.2022.100634.

7. Javaid M, Haleem A, Singh RP, Suman R. Towards insighting cybersecurity for
healthcare domains: a comprehensive review of recent practices and trends. Cyber
Security and Applications. 2023;1. https://doi.org/10.1016/j.csa.2023.100016.

8. Ahmad S, Parvez M, Khan TA, Siddiqui SA, Khan O. Performance comparison of solar
powered cogeneration and trigeneration systems via energy and exergy analyses. Int
J Exergy. 2022;39(4):395–409.

9. Islam SMU, Khan S, Ahmad H, Rahman MAU, Tomar S, Khan MZ. Assessment of
challenges and problems in supply chain among retailers during COVID-19 epidemic
through AHP-TOPSIS hybrid MCDM technique. Internet of Things and Cyber-Physical
Systems. 2022. https://doi.org/10.1016/j.iotcps.2022.10.001.

10. Javaid M, Haleem A, Singh RP, Suman R. Sustaining the healthcare systems through
the conceptual of biomedical engineering: a study with recent and future potentials.
Biomedical Technology. 2023;1:39–47. https://doi.org/10.1016/j.bmt.2022.11.004.

11. Ahmad S, Alam MT, Bilal M, Khan O, Khan MZ. Analytical modelling of HVAC-IoT
systems with the aid of UVGI and solar energy harvesting. Energy Harvesting. 2022:
65–80.

12. Javaid M, Haleem A, Khan IH, Suman R. Understanding the potential applications of
artificial intelligence in agriculture sector. Advanced Agrochem. 2023;2(1):15–30.
https://doi.org/10.1016/j.aac.2022.10.001.

13. Khan O, Khan MZ, Khan E, et al. An enhancement in diesel engine performance,
combustion, and emission attributes fueled with Eichhornia crassipes oil and copper
oxide nanoparticles at different injection pressures. Energy Sources, Part A Recovery,
Util Environ Eff. 2022;44(3):6501–6522.

14. Thieme A, Hanratty M, Lyons M, et al. Designing human-centered AI for mental
health: developing clinically relevant applications for online CBT treatment. ACM
Trans Comput Hum Interact. 2022;30(1–50):2. Online publication date: 30-Apr-2023.

15. Khan O, Khan MZ, Bhatt BK, Alam MT, Tripathi M. Multi-objective optimization of
diesel engine performance, vibration and emission parameters employing blends of
biodiesel, hydrogen and cerium oxide nanoparticles with the aid of response surface
methodology approach. Int J Hydrogen Energy. 2022 (In press).

16. Wani SUD, Khan NA, Thakur G, et al. Utilization of artificial intelligence in disease
prevention: diagnosis, treatment, and implications for the healthcare workforce.
Healthcare. 2022;10(4):608. https://doi.org/10.3390/healthcare10040608.

17. Khan O, Khan MZ, Khan ME, et al. Experimental analysis of solar powered
disinfection tunnel mist spray system for coronavirus prevention in public and
remote places. Mater Today Proc. 2021;46(15):6852–6858.

18. Nagaprasad, et al. JPRI. 2021;33(46A):6–14. Article no.JPRI.74285.
19. Zeeshan M, Alam MR, Khan O, Parvez M, Azad AS. Thermal Load Calculation of

Building Envelope Set up with the Help of a Drone Setup. 2021 First International
Conference on Advances in Computing and Future Communication Technologies
(ICACFCT). IEEE; 2021:186–190.

20. Mariappan MB, Devi K, Venkataraman Y, Lim MK, Theivendren P. Using AI and ML
to predict shipment times of therapeutics, diagnostics and vaccines in e-pharmacy
39
supply chains during COVID-19 pandemic. Int J Logist Manag. 2023;34(2):390–416.
https://doi.org/10.1108/IJLM-05-2021-0300.

21. Parvez M, Khalid F, Khan O. Thermodynamic performance assessment of solar-based
combined power and absorption refrigeration cycle. Int J Exergy. 2020;31(3):
232–248.

22. Kumar SA, et al. Machine learning and deep learning in data-driven decision making
of drug discovery and challenges in high-quality data acquisition in the
pharmaceutical industry. Future Med Chem. 2021;14(4).

23. Seraj M,M, Khan O, Khan MZ, et al. Analytical research of artificial intelligent models
for machining industry under varying environmental strategies: an industry 4.0
approach. Sustainable Operations and Computers. 2022;3:176–187.

24. Zhu Y, Han D, Chen S, Zeng F, Wang C. How can AI benefit pharmacy: a case report
on review writing. Preprints.org. 2023, 2023020324. https://doi.org/10.20944/
preprints202302.0324.v1.

25. Parvez M, Khan O. Parametric simulation of biomass integrated gasification
combined cycle (BIGCC) power plant using three different biomass materials.
Biomass Conversion and Biorefinery. 2020;10(4):803–812.

26. Shao H, He X, Zhang L, et al. Efficacy of ligustrazine injection as adjunctive therapy
in treating acute cerebral infarction: a systematic review and meta-analysis. Front
Pharmacol. 2021;12, 761722. https://doi.org/10.3389/fphar.2021.761722.

27. Meraj M, Khan ME, Tiwari GN, Khan O. Optimization of electrical power of solar cell
of photovoltaic module for a given peak power and photovoltaic module area.
Advances in Fluid and Thermal Engineering. 2019:417–433.

28. Zhang Q, Li S, Chen F, Zeng R, Tong R. Targeted delivery strategy: a beneficial
partner for emerging senotherapy. Biomed Pharmacother. 2022;155, 113737. https://
doi.org/10.1016/j.biopha.2022.113737.

29. Khan S, Tomar S, Fatima M, Khan MZ. Impact of artificial intelligent and industry 4.0
based products on consumer behaviour characteristics: a meta-analysis-based review.
Sustainable Operations and Computers. 2022;3:218–225.

30. Fatima M, Sherwani NUK, Khan S, Khan MZ. Assessing and predicting operation
variables for doctors employing industry 4.0 in health care industry using an
adaptive neuro-fuzzy inference system (ANFIS) approach. Sustainable Operations and
Computers. 2022;3:286–295.

31. Bohlmann A, Mostafa J. Kumar M machine learning and medication adherence.
Scoping Review JMIRx Med. 2021;2(4), e26993. https://doi.org/10.2196/26993.

32. Khan O, Khan ME, Parvez M, Ahmed KAAR, Ahmad I. Extraction and
experimentation of biodiesel produced from leachate oils of landfills coupled with
nano-additives aluminium oxide and copper oxide on diesel engine. Nanomaterials for
Innovative Energy Systems and Devices. 2022:319–332.

33. Singh Neetu, Varshney Upkar. IT-based reminders for medication adherence:
systematic review, taxonomy, framework and research directions. Eur J Inf Syst.
2020;29(1):84–108. https://doi.org/10.1080/0960085X.2019.1701956.

34. Parvez M, Khan ME, Khalid F, Khan O, Akram W. A Novel Energy and Exergy
Assessments of Solar Operated Combined Power and Absorption Refrigeration
Cogeneration Cycle. 2021:213–229. Electric Vehicles.

35. Singh Neetu, Varshney Upkar. IT-based reminders for medication adherence:
systematic review, taxonomy, framework and research directions. Eur J Inf Syst.
2020;29(1):84–108. https://doi.org/10.1080/0960085X.2019.1701956.

36. Li Raymond, Curtis Kate, Zaidi Syed Tabish, Connie Van, Castelino Ronald. A new
paradigm in adverse drug reaction reporting: consolidating the evidence for an
intervention to improve reporting. Expet Opin Drug Saf. 2022;21(9):1193–1204.
https://doi.org/10.1080/14740338.2022.2118712.

37. Butow P, aHoque E. Using artificial intelligence to analyse and teach communication
in healthcare. Breast. 2020;50:49–55.

38. Khan O, Khan ME, Yadav AK, Sharma D. The ultrasonic-assisted optimization of
biodiesel production from eucalyptus oil. Energy Sources, Part A Recovery, Util Environ
Eff. 2017;39(13):1323–1331.

39. Kassem LM, Alhabib B, Alzunaydi K, Farooqui M. Understanding patient needs
regarding adverse drug reaction reporting smartphone applications: a qualitative
insight from Saudi arabia. Int J Environ Res Publ Health. 2021;18(8):3862. https://
doi.org/10.3390/ijerph18083862.

40. Khan O, Yadav AK, Khan ME, Parvez M. Characterization of bioethanol obtained
from Eichhornia Crassipes plant; its emission and performance analysis on CI engine.
Energy Sources, Part A Recovery, Util Environ Eff. 2019;43:1–11.

41. Motulsky A, Nikiema JN, Bosson-Rieutort D. Artificial intelligence and medication
management. In: Househ M, Borycki E, Kushniruk A, eds. Multiple Perspectives on
Artificial Intelligence in Healthcare. Lecture Notes in Bioengineering. Cham: Springer;
2021. https://doi.org/10.1007/978-3-030-67303-1_8.

42. Khan O, Khan MZ, Ahmad N, Qamer A, Alam MT, Siddiqui AH. Performance and
emission analysis on palm oil derived biodiesel coupled with Aluminium oxide
nanoparticles. Mater Today Proc. 2019;46.

43. Haque Ahshanul, Chowdhury Md Naseef-Ur-Rahman. Transforming chronic disease
management with chatbots: key use cases for personalized and cost-effective care.
TechRxiv. Preprint. 2023 https://doi.org/10.36227/techrxiv.22579735.v1.

44. Morin O, Valli�eres M, Braunstein S, et al. An artificial intelligence framework
integrating longitudinal electronic health records with real-world data enables
continuous pan-cancer prognostication. Nat Can (Ott). 2021;2:709–722. https://
doi.org/10.1038/s43018-021-00236-2.

45. Cris Martin P, Jacoba Leo Anthony Celi, Silva Paolo S. Biomarkers for progression in
diabetic retinopathy: expanding personalized medicine through integration of AI
with electronic health records. Semin Ophthalmol. 2021;36(4):250–257. https://
doi.org/10.1080/08820538.2021.1893351.

46. Subramanian M, Wojtusciszyn A, Favre L, et al. Precision medicine in the era of
artificial intelligence: implications in chronic disease management. J Transl Med.
2020;18:472. https://doi.org/10.1186/s12967-020-02658-5.

https://doi.org/10.1093/ajhp/zxz018
https://doi.org/10.1016/j.dsx.2020.04.012
https://doi.org/10.1021/acsomega.2c05246
https://doi.org/10.1021/acsomega.2c05246
https://doi.org/10.1016/j.susoc.2022.10.001
https://doi.org/10.1016/j.bmt.2023.02.001
https://doi.org/10.1016/j.envc.2022.100634
https://doi.org/10.1016/j.envc.2022.100634
https://doi.org/10.1016/j.csa.2023.100016
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref8
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref8
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref8
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref8
https://doi.org/10.1016/j.iotcps.2022.10.001
https://doi.org/10.1016/j.bmt.2022.11.004
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref11
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref11
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref11
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref11
https://doi.org/10.1016/j.aac.2022.10.001
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref13
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref13
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref13
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref13
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref13
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref14
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref14
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref14
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref14
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref15
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref15
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref15
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref15
https://doi.org/10.3390/healthcare10040608
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref17
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref17
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref17
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref17
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref18
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref18
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref19
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref19
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref19
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref19
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref19
https://doi.org/10.1108/IJLM-05-2021-0300
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref21
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref21
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref21
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref21
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref22
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref22
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref22
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref23
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref23
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref23
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref23
https://doi.org/10.20944/preprints202302.0324.v1
https://doi.org/10.20944/preprints202302.0324.v1
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref25
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref25
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref25
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref25
https://doi.org/10.3389/fphar.2021.761722
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref27
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref27
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref27
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref27
https://doi.org/10.1016/j.biopha.2022.113737
https://doi.org/10.1016/j.biopha.2022.113737
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref29
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref29
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref29
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref29
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref30
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref30
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref30
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref30
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref30
https://doi.org/10.2196/26993
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref32
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref32
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref32
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref32
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref32
https://doi.org/10.1080/0960085X.2019.1701956
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref34
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref34
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref34
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref34
https://doi.org/10.1080/0960085X.2019.1701956
https://doi.org/10.1080/14740338.2022.2118712
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref37
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref37
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref37
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref38
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref38
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref38
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref38
https://doi.org/10.3390/ijerph18083862
https://doi.org/10.3390/ijerph18083862
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref40
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref40
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref40
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref40
https://doi.org/10.1007/978-3-030-67303-1_8
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref42
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref42
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref42
https://doi.org/10.36227/techrxiv.22579735.v1
https://doi.org/10.1038/s43018-021-00236-2
https://doi.org/10.1038/s43018-021-00236-2
https://doi.org/10.1080/08820538.2021.1893351
https://doi.org/10.1080/08820538.2021.1893351
https://doi.org/10.1186/s12967-020-02658-5


O. Khan et al. Intelligent Pharmacy 1 (2023) 32–40
47. Xie Y, Lu L, Gao F, et al. Integration of artificial intelligence, blockchain, and
wearable technology for chronic disease management: a new paradigm in smart
healthcare. CURR MED SCI. 2021;41:1123–1133. https://doi.org/10.1007/s11596-
021-2485-0.

48. Lewis Deborah, EdD RN, CDE. Computer-based approaches to patient education: a
review of the literature. J Am Med Inf Assoc. July 1999;6(4):272–282. https://
doi.org/10.1136/jamia.1999.0060272.

49. Reddy Sandeep, Allan Sonia, Coghlan Simon, Cooper Paul. A governance model for
the application of AI in health care. J Am Med Inf Assoc. March 2020;27(Issue 3):
491–497. https://doi.org/10.1093/jamia/ocz192.

50. Fu R, Xu H, Lai Y, et al. A VOSviewer-based bibliometric analysis of prescription
refills. Front Med. 2022 Jun 21;9, 856420. https://doi.org/10.3389/
fmed.2022.856420. PMID: 35801215; PMCID: PMC9254907.

51. McInnes D, Shimada S, Midboe A, et al. Patient use of electronic prescription refill
and secure messaging and its association with undetectable HIV viral load: a
retrospective cohort study. J Med Internet Res. 2017;19(2):e34.

52. Anita M Preininger, Brett South, Heiland Jeff, et al. Artificial intelligence-based
conversational agent to support medication prescribing. JAMIA Open. July 2020;
3(Issue 2):225–232. https://doi.org/10.1093/jamiaopen/ooaa009.

53. Adam Wright, McEvoy Dustin S, Aaron Skye, et al. Structured override reasons for
drug-drug interaction alerts in electronic health records. J Am Med Inf Assoc. October
2019;26(Issue 10):934–942. https://doi.org/10.1093/jamia/ocz033.

54. Laura C, et al. Identifying Drugs with Disease-Modifying Potential in Parkinson's Disease
Using Artificial Intelligence and Pharmacoepidemiology. Issue8: Volume29; 2020:
864–872.

55. Gembarski Jody, Joseph Couto, Wilson Marcus, Contributors from the Joint Research
Committee of AMCP and the AMCP Foundation. Top evidentiary gaps in managed
40
care pharmacy: a research agenda. Journal of Managed Care & Specialty Pharmacy.
2020;26(4):375–381.

56. Goedken Amber M, Butler Christine M, McDonough Randal P, Deninger Michael J,
Doucette William R. Continuous Medication Monitoring (CoMM): a foundational
model to support the clinical work of community pharmacists. Res Soc Adm Pharm.
2018;14(1):106–111.

57. Weisberg EM, Chu LC, Fishman EK. The first use of artificial intelligence (AI) in the
ER: triage not diagnosis. Emerg Radiol. 2020;27:361–366. https://doi.org/10.1007/
s10140-020-01773-6.

58. Wang M, Xia C, Huang L, et al. Deep learning-based triage and analysis of lesion
burden for COVID-19: a retrospective study with external validation. Lancet Digital
Health. 2020;2:e506–e515.

59. Pieczynski J, Kuklo P, Grzybowski A. The role of telemedicine, in-home testing and
artificial intelligence to alleviate an increasingly burdened healthcare system:
diabetic retinopathy. Ophthalmol Ther. 2021;10:445–464. https://doi.org/10.1007/
s40123-021-00353-2.

60. Grundy BL, Crawford P, Jones PK, et al. Telemedicine in critical care: an experiment
in health care delivery. JACEP. 1977;6:439–444.

61. Howari H, Parvez M, Khan O, Alhodaib A, Mallah A, Yahya Z. Multi-Objective
optimization for ranking waste biomass materials based on performance and
emission parameters in a pyrolysis process—an AHP–TOPSIS approach.
Sustainability. 2023;15(4):3690. https://doi.org/10.3390/su15043690.

62. Del Rio-Bermudez C, Medrano IH, Yebes L, et al. Towards a symbiotic relationship
between big data, artificial intelligence, and hospital pharmacy. J of Pharm Policy and
Pract. 2020;13:75. https://doi.org/10.1186/s40545-020-00276-6.

63. Zhavoronkov A, Vanhaelen Q, Oprea TI. Will artificial intelligence for drug discovery
impact clinical pharmacology? Clin Pharmacol Ther. 2020;107:780–785.

https://doi.org/10.1007/s11596-021-2485-0
https://doi.org/10.1007/s11596-021-2485-0
https://doi.org/10.1136/jamia.1999.0060272
https://doi.org/10.1136/jamia.1999.0060272
https://doi.org/10.1093/jamia/ocz192
https://doi.org/10.3389/fmed.2022.856420
https://doi.org/10.3389/fmed.2022.856420
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref51
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref51
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref51
https://doi.org/10.1093/jamiaopen/ooaa009
https://doi.org/10.1093/jamia/ocz033
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref54
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref54
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref54
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref54
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref55
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref55
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref55
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref55
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref55
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref55
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref56
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref56
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref56
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref56
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref56
https://doi.org/10.1007/s10140-020-01773-6
https://doi.org/10.1007/s10140-020-01773-6
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref58
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref58
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref58
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref58
https://doi.org/10.1007/s40123-021-00353-2
https://doi.org/10.1007/s40123-021-00353-2
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref60
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref60
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref60
https://doi.org/10.3390/su15043690
https://doi.org/10.1186/s40545-020-00276-6
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref63
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref63
http://refhub.elsevier.com/S2949-866X(23)00008-4/sref63

	The future of pharmacy: How AI is revolutionizing the industry
	1. Introduction
	2. Need for AI in pharmacy system
	3. Research objectives
	4. Process of AI in pharmacy system
	5. Pharmacy system parameters administered by AI
	6. Potential applications of AI in pharmacy system
	7. Discussion
	8. Conclusion, scope for future work and limitations
	Declaration of competing interest
	References


