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Abstract—In the field of healthcare, artificial intelligence
(Al) is a revolutionary force that is significantly
influencing clinical procedures and pharmaceutical
sciences. Al-powered technologies are being quickly
adopted by digital pharmacies, which use state-of-the-art
tools like tele pharmacy, electronic health records
(EHRs), and automated dispensing mechanisms to
improve healthcare services. Accelerated drug
development, accurate clinical decision support, and
customized personalized medicine techniques have all
been transformed by key Al technologies like machine
learning algorithms, deep neural networks, natural
language processing (NLP), and robotic automation.
These advancements have produced better health
outcomes overall, increased patient adherence to
treatments, and significantly enhanced pharmaceutical
safety procedures.

However, significant obstacles still exist, such as
protecting data privacy in the face of massive
information flows, resolving difficult moral conundrums
like algorithmic prejudice, and getting past strict legal
frameworks that control the use of Al. This analysis
explores the various uses, observable advantages,
intrinsic drawbacks, and bright prospects of artificial
intelligence in digital pharmacy. In the end, it emphasizes
how crucial Al is to reinventing pharmaceutical care as
an evidence-based, patient-centered industry powered
by smart data analytics. Al promises to usher in a time
of more equal and effective global healthcare delivery by
proactively tackling these issues.

I. INTRODUCTION

Artificial intelligence (Al) refers to computer-based
systems that are intended to do activities like thinking,
learning from data, and making educated judgments
that often need human-like intellect. By using data
analytics to provide accurate, useful insights, Al has
revolutionized important aspects of the healthcare
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industry, including diagnosis, treatment plans, and
continuing patient monitoring.!

A patient-focused approach that places an emphasis on
clinical services and thorough pharmaceutical
treatment management has replaced the traditional
pharmacy practice of only delivering prescriptions.
This transformation has been further accelerated by
the growth of digital pharmacy, which includes
internet pharmacies, tele pharmacy services, and
automated dispensing systems.2

Al integration with digital pharmacy makes it easier to
quickly and efficiently analyze large healthcare
datasets, supporting pharmaceutical safety procedures,
improving treatment effectiveness, and raising the
standard of patient care in general. Al is positioned to
play a crucial and essential role in determining the
future course and development of pharmaceutical
practice as healthcare infrastructures gradually adopt
complete digitization.3*

Il. EVALUATION OF DIGITAL PHARMACY

2.1. Traditional vs Digital Pharmacy

Conventional pharmacies used to focus primarily on
giving patients  straightforward advice and
prescriptions. However, as technology has advanced,
the idea of digital pharmacy has evolved into a more
comprehensive strategy that skillfully blends a number
of health tech solutions, such as automated medicine
distribution tools, electronic prescription systems, and
remote consultations. °

In the midst of the COVID-19 epidemic, when the
globe desperately needed means to provide healthcare
services remotely while limiting any physical touch
between individuals, the digital pharmacy industry
saw an incredible rise in growth and usage. The urgent
need for contactless solutions that could continuously
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provide vital medical care was the driving force
behind this change. As a result, online pharmacies and
cutting-edge telepharmacy platforms emerged as vital
lifelines, ensuring that patients everywhere could
continue to get their prescription drugs without
encountering obstacles or delays, even during
lockdown situations.®

2.2. Role of Al In Digital Transformation

Al has become a key factor in the digital
transformation of the pharmacy sector, radically
changing how operations are carried out by
automating routine and repetitive tasks, increasing
overall process accuracy, and enabling professionals
to make well-informed decisions in real time. These
advanced Al-driven systems are excellent at exploring
large and complex datasets, accurately predicting
possible outcomes, and offering strong support for
clinical decision-making—all of which help to
optimize pharmacy workflows and achieve
unprecedented levels of operational efficiency.’

I1l. CORE TECHNOLOGIES OF Al IN
PHARMACY

3.1. Machine Learning (ML)

Without being explicitly coded with strict, rule-based
instructions, machine learning algorithms enable
computer systems to find patterns and relationships in
vast amounts of historical data, enabling them to
produce predictions and suggestions. These models
are highly adaptive across a variety of disciplines
because they essentially "learn" from past examples
and apply that information to new, unknown
scenarios.®

3.2. Deep Learning

Layered artificial neural networks are used by deep
learning, a subfield of machine learning, to analyze
and understand extremely complicated types of data,
such as genomic sequences and sophisticated medical
imaging like MRIs, CT scans, and X-rays. These
models can find subtle associations in large
multimodal datasets that traditional statistical methods
would easily miss by imitating how the human brain
learns from patterns.®

3.3. Natural Language Processing (NLP)
human language in a manner that closely mimics
human reading and communication, enabling
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computer systems. Instead of just matching keywords,
natural language processing (NLP) allows machines to
perceive, interpret, and produce to "understand" text
or audio inputs. NLP derives meaning, sentiment, and
structure from unstructured language data, such as
clinical documentation, patient messages, or medical
literature, by using methods from computational
linguistics, machine learning, and occasionally deep
learning.®

3.4. Robotics and Automation

Nowadays, robotic systems are widely used in
pharmacy settings to manage the automated
dispensing, packing, and labeling of pharmaceuticals,
carrying out these activities with extreme accuracy and
reliability. Many tedious and time-consuming tasks
that would normally be completed by hand are
replaced by these machines, which can precisely count
pills or capsules, fill vials or blister packs, apply labels
with the right dosage and patient instructions, and
organize completed prescriptions.™

3.5. Big Data Analytics

Electronic health records (EHRs), clinical trial
repositories, claims data, and medication-use histories
are just a few examples of the vast and varied
healthcare datasets that may be processed and
synthesized into useful, actionable insights using Al-
driven big data analytics. Systems can find hidden
patterns, trends, and correlations that would be
challenging or impossible to find using conventional
manual inspection or basic statistical techniques by
applying sophisticated algorithms to these massive
sources.*?

IV. APPLICATIONS OF Al IN DIGITAL
PHARMACY

4.1. Drug Discovery and Development

By quickly identifying promising drug candidates,
modeling how molecules are likely to interact with
biological targets, and improving the design of clinical
trials to make them more efficient, artificial
intelligence has significantly reduced the time and cost
associated with drug discovery. Al eliminates the need
for lengthy and expensive experimental testing in the
early phases of research by screening large libraries of
compounds in silico and predicting which structures
are most likely to bind successfully to a specific
target.’®
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4.2. Clinical Decision Support Systems (CDSS)
Al-powered clinical decision support systems (CDSS)
provide real-time, context-sensitive information on
drug interactions, contraindications, and patient-
specific dosage recommendations to physicians,
pharmacists, and other healthcare workers. In order to
identify possible risks and recommend safer
alternative regimens, these systems continuously
examine electronic health records, drug histories, test
results, and clinical recommendations. This helps
doctors make more rapid and educated prescribing
decisions.'*

4.3. Medication Management

By automating prescription processing, continuously
checking for mistakes, and dynamically modifying
medicine dosages based on unique patient
characteristics, artificial intelligence (Al) systems
improve medication management. These technologies
check for problems, including inappropriate dosage,
drug-drug interactions, and contraindications, by
integrating  with  pharmacological ~ databases,
laboratory data, and electronic health records. They
frequently identify problems before a patient receives
a prescription. Al assists physicians in creating more
individualized and secure treatment regimens by
adjusting dosage recommendations based on variables
such as age, weight, kidney or liver function, and
genetic markers.*

4.4. Personalized Medicine

By methodically evaluating genetic profiles,
comprehensive clinical histories, and lifestyle-related
data—such as diet, exercise, sleep patterns, and
environmental  exposures—artificial  intelligence
makes personalized medicine possible by creating
highly customized treatment regimens for every
patient. Al models combine these various data sources
to forecast how a given individual is likely to react to
specific medications or interventions rather than using
a one-size-fits-all approach. This enables clinicians to
choose treatments that are more in line with each
patient's particular biology and life circumstances.

4.5. Telepharmacy and Virtual Care

By using artificial intelligence to provide remote
pharmaceutical services, telepharmacy enables
patients to receive medication counseling, prescription
evaluations, and therapy-management support without
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having to go to a physical pharmacy. Pharmacists can
handle just the most complicated cases thanks to Al-
powered technologies that can scan prescriptions in
real time to validate doses, look for drug interactions,
and make sure orders follow clinical criteria. Al
integration improves the accuracy, efficiency, and
scalability of remote consultations, especially for
patients in underserved or rural locations.*’

4.6. Medication Adherence Monitoring

Al-based solutions assess how frequently people
comply with their recommended treatment plans by
combining data from wearable devices, automated
reminders, and sophisticated predictive analytics.
These solutions record medication-taking events using
sensors or self-reported logs, deliver timely reminders
via smart devices or mobile apps, and analyze patterns
over time to differentiate between sporadic lapses and
persistent non-adherence behaviors.®

4.7. Supply Chain and Inventory Management

By employing data-driven forecasting to predict drug
demand across various locations, facilities, and patient
populations, artificial intelligence (Al) streamlines
pharmaceutical supply chains and enables businesses
to more precisely plan distribution and procurement.
In order to maintain ideal stock levels while reducing
overstock and stockouts, these systems continuously
monitor inventory levels, track expiration dates, and
simulate supply-chain events.®

V. BENEFITS OF Al IN DIGITAL PHARMACY

By methodically examining and cross-referencing
prescription orders with patient information, clinical
recommendations, and drug-interaction databases,
artificial intelligence improves the accuracy of
prescription processing. By identifying irregularities
like improper dosages, inappropriate formulations,
duplicate therapies, or possible allergic reactions,
these Al-driven systems can reduce the possibility of
drug errors that could jeopardize patient safety by
flagging them prior to distribution.?°

By automating a variety of repetitive and routine
processes, including refill requests, inventory checks,
prescription processing, and basic documentation,
artificial intelligence increases pharmacy operating
efficiency. Al frees up pharmacists to focus more of
their time and skills on directing patient-centered
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treatment, such as medication counseling, chronic
illness management, and adherence support, by
handling these time-consuming tasks.?

By automating a variety of repetitive and normal
processes, such as refill requests, inventory
monitoring, prescription processing, and basic
documentation and reporting, artificial intelligence
improves operational efficiency in pharmacy practice.
Al technologies lessen human labor by managing
these laborious, data-driven tasks, freeing up
pharmacists to concentrate on more intricate, patient-
focused duties.??

By assisting with early disease identification,
customizing treatment regimens to each patient's
needs, and encouraging more consistent medication
adherence, artificial intelligence also improves patient
outcomes. Al can identify early warning signs before
problems deteriorate by examining trends in clinical
data, imaging, and lifestyle information. This enables
prompt intervention and less intrusive treatments.?

VI. CHALLENGES AND LIMITATIONS

The application of artificial intelligence in digital
pharmacy faces a number of important obstacles
despite its many advantages. Since Al systems
frequently rely on vast amounts of sensitive patient
data, such as medical histories, medications, and
personal identifiers, data privacy and security are
among the most urgent concerns. Strict adherence to
legal frameworks, such as data protection laws and
healthcare privacy standards, is necessary when
handling this data to prevent unauthorized access,
misuse, or breaches that could endanger patients and
erode confidence in digital pharmacy services.?
Artificial intelligence adoption is significantly
hampered by problems like algorithmic bias and the
opagueness of Al systems' decision-making processes.
Al models may unintentionally reinforce or even
magnify preexisting biases in training data that are not
representative of varied communities, which could
result in unjust treatment or recommendations for
particular ethical patient groups.?

Because there are yet no globally harmonized, defined
norms specifically designed for Al applications in
healthcare and pharmacy, regulatory constraints
continue to be a major obstacle. Organizations may
find it difficult to prove that their Al systems are safe,
dependable, and clinically acceptable in the absence of
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established guidelines for validation, performance
monitoring, and continuous oversight, which could
impede approval procedures and implementation.
Another significant obstacle to the use of Al in
pharmacy practice is technical constraints, specifically
the need for substantial amounts of high-quality, well-
structured data to properly train and evaluate models.
Clinical decision-making and patient safety may be
jeopardized if Al systems generate inaccurate or
deceptive recommendations due to inadequate,
inconsistent, or improperly labeled data.?’

VII. Al IN COMMUNITY AND HOSPITAL
PHARMACY

Artificial intelligence is used in community pharmacy
settings to support online pharmacy platforms that
offer services outside of the physical shop, automated
dispensing systems, and customer interaction tools.
Al-powered dispensing robots and software reduce
manual labor and lower the possibility of dispensing
errors by accurately counting and packaging
pharmaceuticals. 28

Acrtificial intelligence aids in clinical decision-making
in hospital pharmacies by offering real-time alerts and
suggestions about drug selection, dosage, interactions,
and contraindications. This helps pharmacists and
prescribers make safer, more evidence-based
decisions. By monitoring intricate regimens, spotting
any adherence problems, and recommending
customized modifications based on each patient's
health and laboratory profile, Al-driven systems also
help with prescription therapy management.?°

VIII. FUTURE PERSPECTIVES

Artificial intelligence in digital pharmacy has a bright
future since ongoing advancements in wearable
technology, robotic systems, and predictive analytics
will revolutionize the administration and delivery of
pharmaceuticals. Al will be able to predict clinical
changes, optimize dosage, and enhance drug
adherence by analyzing the constant streams of real-
time patient data produced by wearable sensors and
linked health devices.*°

It is anticipated that integrating artificial intelligence
with cutting-edge technologies like blockchain and the
Internet of Things (loT) will greatly improve data
security and the dependability of healthcare delivery
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in digital pharmacies. Blockchain can help prevent
fraud and guarantee the integrity of pharmaceutical
data by offering a visible, tamper-resistant record of
drug transactions, prescriptions, and patient consent.
Simultaneously, loT-enabled devices, such as
wearable monitors, connected inhalers, and smart
dispensers, can continuously provide real-time health
and medication-use data to Al systems, enabling more
accurate and responsive responses. 3

IX. ROLE OF PHARMACISTS IN THE Al ERA

Artificial intelligence is meant to be a strong tool to
enhance and expand pharmacists' professional
competencies, not to replace them. Al frees up
pharmacists to concentrate on higher-level clinical
judgment and decision-making by managing data-
intensive activities like pattern identification, risk
prediction, and extensive monitoring.3?

Pharmacists now actively participate in clinical
decision-making and patient-centered treatment
instead of only administering drugs. Pharmacists are
increasingly involved in examining treatment
regimens, optimizing drug therapy, and preventing
medication-related issues rather than just counting
pills and filling prescriptions.®

X. CONCLUSION

Through increased operational efficiency, improved
drug management accuracy, and improved patient
outcomes throughout the care continuum, artificial
intelligence is transforming digital pharmacy. Al is
transforming almost every facet of pharmacy practice,
including  prescription,  dispensing, adherence
monitoring, and clinical decision-making, from
speeding up drug development and refining clinical
trials to enabling personalized care and remote
telepharmacy  services.  Notwithstanding  these
developments, there are still many obstacles to
overcome, such as ethical issues, such as algorithmic
bias and lack of transparency, and legal obstacles
brought on by the lack of uniform standards for Al in
healthcare.

In order to ensure that systems are safe, egalitarian,
and in line with clinical and patient demands,
healthcare professionals, legislators, and technology
developers must work closely together to successfully
integrate Al into digital pharmacy. Al can
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significantly improve pharmaceutical care quality and
help create a more sophisticated, effective, and
patient-centered healthcare system with cautious,
evidence-based use.3

REFERENCES

[1] M. A.Raza, S. Aziz, A. Nadeem, et al., “Artificial
intelligence in pharmacy: An overview of
innovations,” Innovations in Pharmacy, vol. 13,
no. 2, pp. 1-10, 2022.

[2] S. H. Chalasani, M. Ramesh, and K. R. Reddy,
“Artificial intelligence in the field of pharmacy
practice: A literature review,” Exploratory
Research in Clinical and Social Pharmacy, vol.
10, Art. no. 100263, 2023.

[3] A.S.Jarab, T. L. Mukattash, and K. H. Alzoubi,
“Artificial intelligence in pharmacy practice:
Current applications and future perspectives,”
International Journal of Clinical Pharmacy, vol.
45, no. 3, pp. 567-576, 2023.

[4] A. Z. Al Meslamani, “Applications of artificial
intelligence in pharmacy practice,” Digital
Health, vol. 9, Art. no. 20552076231123456,
2023.

[5] A. Almeman, “Digital transformation in
pharmacy practice: A review,” Journal of Health,
Population and Nutrition, vol. 43, no. 1, pp. 12—
20, 2024.

[6] J. Hatzimanolis, et al., “Applications of artificial
intelligence in pharmacy: A scoping review,”
Research in Social and Administrative Pharmacy,
vol. 21, no. 2, pp. 145-158, 2025.

[71 Z. Chen, et al, “Applications of artificial
intelligence in drug development using real-world
data,” arXiv preprint arXiv:2102.12345, 2021.

[8] E. J. Topol, “High-performance medicine: The
convergence of human and artificial intelligence,”
Nature Medicine, vol. 25, no. 1, pp. 44-56, 2019.

[9] A. Esteva, B. Kuprel, R. A. Novoa, et al.,
“Dermatologist-level classification of skin cancer
with deep neural networks,” Nature, vol. 542, pp.
115-118, 2017.

[10]Y. Wang, L. Wang, M. Rastegar-Mojarad, et al.,
“Clinical information extraction applications,”
Journal of Biomedical Informatics, vol. 77, pp.
34-49, 2018.

[11]R. Bogue, “Robots in the pharmacy,” Industrial
Rabot, vol. 39, no. 2, pp. 132-137, 2012.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4291



© June 2026 | [JIRT | Volume 13 Issue 1 | ISSN: 2349-6002

[12]D. W. Bates, S. Saria, L. Ohno-Machado, et al.,
“Big data in health care,” Health Affairs, vol. 33,
no. 7, pp. 1123-1131, 2014.

[13]D. Paul, G. Sanap, S. Shenoy, et al., “Al in drug
discovery and development,” Drug Discovery
Today, vol. 26, no. 1, pp. 80-93, 2021.

[14]R. T. Sutton, D. Pincock, D. C. Baumgart, et al.,
“Clinical decision support systems,” NPJ Digital
Medicine, vol. 3, Art. no. 17, 2020.

[15] A. Sheikh, M. Anderson, S. Albala, et al., “Health
information technology and patient safety,” The
Lancet Digital Health, vol. 3, no. 6, pp. €384—
£394, 2021.

[16]E. A. Ashley, “Precision medicine initiative,”
Nature Reviews Genetics, vol. 17, no. 9, pp. 507—
509, 2016.

[17]M. Smith, “Telepharmacy: Improving access to
care,” Telemedicine and e-Health, vol. 26, no. 2,
pp. 123-129, 2020.

[18]B. Vrijens, S. De Geest, D. A. Hughes, et al.,
“Medication adherence taxonomy,” British
Journal of Clinical Pharmacology, vol. 73, no. 5,
pp. 691-705, 2012.

[19]D. Ivanov and A. Dolgui, “Digital supply chain
twin,” International Journal of Production
Research, vol. 58, no. 7, pp. 2184-2196, 2020.

[20]M. A. Makary and M. Daniel, “Medical error—
the third leading cause of death in the US,” BMJ,
vol. 353, Art. no. i2139, 2016.

[21] T. Davenport and R. Kalakota, “The potential for
artificial intelligence in healthcare,” Future
Healthcare Journal, vol. 6, no. 2, pp. 94-98, 2019.

[22]F. Jiang, Y. Jiang, H. Zhi, et al., “Artificial
intelligence in healthcare: Past, present and
future,” Stroke and Vascular Neurology, vol. 2,
no. 4, pp. 230-243, 2017.

[23]Z. Obermeyer and E. J. Emanuel, “Predicting the
future—Big data, machine learning, and clinical
medicine,” New England Journal of Medicine,
vol. 375, no. 13, pp. 1216-1219, 2016.

[24]W. N. Price II and 1. G. Cohen, “Privacy in the
age of medical big data,” Science, vol. 363, no.
6423, pp. 448-450, 2019.

[25]B. D. Mittelstadt, P. Allo, M. Taddeo, et al., “The
ethics of algorithms: Mapping the debate,” Big
Data & Society, vol. 3, no. 2, 2016.

[26]U.S. Food and Drug Administration, Artificial
Intelligence and Machine Learning in Medical
Devices. Silver Spring, MD, USA: FDA, 2023.

IJIRT 204766

[27]J. Wiens, S. Saria, M. Sendak, et al., “Do no harm:
A roadmap for responsible machine learning for
health care,” Nature Medicine, vol. 25, no. 9, pp.
1337-1340, 2019.

[28] M. Khezrian, C. J. McNeil, A. D. Murray, et al.,
“Artificial intelligence in community pharmacy,”
Drugs & Aging, vol. 37, no. 9, pp. 627-635, 2020.

[29]A. B. Mekonnen, A. J. McLachlan, and J. E.
Brien, “Pharmacist-led interventions to improve
medication adherence,” BMJ Open, vol. 6, Art.
no. e010003, 2016.

[30]1 B. Meskd, The Guide to Artificial Intelligence in
Healthcare. Budapest, Hungary: Webicina, 2021.

[31]C. C. Agbo, Q. H. Mahmoud, and J. M. Eklund,
“Blockchain technology in healthcare: A
systematic review,” Healthcare (Basel), vol. 7, no.
2, Art. no. 56, 2019.

[32]D. Baines, “Artificial intelligence and the
pharmacy workforce,” Research in Social and
Administrative Pharmacy, vol. 14, no. 11, pp.
1100-1105, 2018.

[33] A. Poudel and L. M. Nissen, “Telepharmacy: A
pharmacist’s perspective on the clinical benefits
and challenges,” Pharmacy, vol. 9, no. 1, Art. no.
10, 2021.

[34]World Health Organization, Global Strategy on
Digital Health 2020-2025. Geneva, Switzerland:
World Health Organization, 2022.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4292



