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ABSTRACT

Pharmaceutical practice is being transformed in revolutionary ways through advances in
artificial intelligence (Al) technology, particularly by assisting with drug discovery; making
recommendations about the use of drugs based on patient characteristics; and improving the
safety of medications through adherence monitoring. Pharmacists are better able to make
informed decisions about drug interactions and other aspects of medication management with
the support of Al tools that provide insight into patient-specific data. This review discusses
how Al is utilized for clinical decision-making, improving medication safety, and supporting
precision medicine, while also identifying barriers to successful implementation of Al in
pharmacy practice, including concerns with privacy of patient data, algorithmic bias, and
integration into the workflow of pharmacy practice. There is a need for all healthcare
providers to be ethically vigilant and work together in order to successfully integrate Al into
pharmacy practice, which has the potential to enhance the delivery of pharmaceutical care

and improve patient outcomes.
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1. INTRODUCTION

Al and ML are revolutionizing how clinical pharmacy approaches the use of drugs for
patients. These tools increase the level of accuracy, speed, and individualization of patient
care through the use of greater amounts of patient-specific characteristics to detect patterns
from past experience [1]. Historically, clinical pharmacists have had to rely on non-scientific
guidelines and clinical expertise when determining what drug(s) to use with patients to
provide the best outcome possible. However, as medicines and diseases continue to evolve
into more complicated forms, the way clinical pharmacists apply clinical judgement has
struggled to keep pace [2].

The introduction of Al and ML has addressed this problem by providing tools that allow for
the evaluation of real-time data to expedite the identification of medication errors, adverse
drug reactions, and treatment failure, among other issues. The application of Al and ML to
clinical pharmacy has extended their use to drug therapy management, drug safety
monitoring (pharmacovigilance), clinical decision support systems, and hospital operational
processes [3]. These technological advancements allow pharmacists not only to anticipate
how patients will respond to medications, but also to design individualized treatment plans
based on patient-specific clinical and genetic data, alongside improved methods of
monitoring therapeutic response [4].

The use of Al in pharmacy practice is therefore highly significant. With Al technology,
pharmacists will be able to provide safer, more accurate, evidence-based care, and these
technologies will play an important role in educating future pharmacists, shaping new
pharmacy policy frameworks, and improving patient outcomes [5]. The traditional roles of
pharmacists with respect to medication safety and adherence to clinical guidelines will also
evolve, as Al assists in managing the increasingly complex nature of pharmacotherapy. Al
and ML will not eliminate the role of the pharmacist, but rather will support pharmacists,

enabling a shift from reactive care toward proactive and predictive services [6].

2. MATERIALS AND METHODS

This article is a narrative literature review synthesizing current evidence on the applications
of artificial intelligence (Al) and machine learning (ML) in clinical pharmacy practice. A
literature search was conducted across electronic databases, including PubMed/MEDLINE,
ScienceDirect, Scopus, and Google Scholar, supplemented by manual screening of the
reference lists of relevant articles, to identify English-language publications dated between

2012 and 2025. Search terms were used in various combinations and included “artificial
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intelligence,” “machine learning,” “clinical pharmacy,” “clinical decision support systems,”

“adverse drug reactions,” “drug—drug interactions,” ‘“pharmacovigilance,” “precision

29 ¢

medicine,” “medication safety,” and “pharmacy education.”

Original research articles, systematic and narrative reviews, scoping reviews, and relevant
policy or perspective papers addressing AI/ML applications in drug therapy optimization,
medication safety, drug discovery, clinical decision support, and pharmacy education were
considered for inclusion. Sources unrelated to clinical pharmacy or healthcare applications of
AI/ML, non-English-language publications, and material without an accessible abstract or

full text were excluded. A total of 37 sources meeting these criteria were retained,

synthesized thematically, and are cited throughout this review.

3. RESULTS AND DISCUSSION

3.1 Need for AI/ML Integration in Clinical Pharmacy Practice

In the era of the “data tsunami”—the vast amount of intricately complex patient health record
data now available digitally—clinical pharmacy must embrace Al and ML. Because
traditional methods of drug management have not kept pace with this influx of data, clinical
pharmacy practitioners need to leverage these technologies as part of the transition from
‘reactive’ to ‘precision’ medicine [7]. Using advanced analytical techniques, Al and ML can
analyse large amounts of data, such as laboratory results, pharmacogenetic information, and
the complete history of a patient’s interactions with healthcare systems, to accurately predict
how an individual will metabolize a drug and to determine the optimal dose—an especially
important factor for patients taking high-risk medications. Employing AI/ML in clinical
pharmacy practice can prevent many drug-related errors and significantly reduce provider
fatigue by reducing the volume of data presented and focusing attention on the clinical issues
of highest priority [8].

By filtering out irrelevant and extraneous information, Al streamlines a pharmacist’s daily
practice, enhancing productivity while promoting patient safety. By automating lower-level,
non-clinical tasks such as data verification and administrative work, Al systems also enable
pharmacists to invest more time in higher-level responsibilities such as patient counselling
and complex clinical decision-making [9]. The ability to identify drug interactions, dosing
errors, and drug contraindications more accurately than traditional methods is among the key
benefits Al and ML bring to clinical pharmacy practice in terms of medication safety. Using
Al to power clinical decision support systems ultimately leads to improved identification of

adverse medication effects and enhanced quality of patient care [10].
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Al and ML also support the evolution of personalised medicine, using genetic profiles and
treatment histories to generate customised therapeutic recommendations and optimal dosage
schedules [11]. The automation of routine tasks, such as prescription screening and inventory
management, has streamlined pharmacy workflows, allowing professionals to spend more
time on patient care and collaboration with other healthcare professionals. The integration of
Al and ML in healthcare is therefore critical to improving the effectiveness, accuracy, and
efficiency of patient-centred care as the healthcare ecosystem continues to evolve [12].

3.2 Role of AI/ML in Drug Therapy Optimization

The application of Al and ML enhances pharmacology by providing methods for modelling
pharmacokinetics, optimizing dose regimens, and, through predictive modelling and
molecular simulations, speeding up lead-compound selection. Methods used to model drugs
and their actions include quantitative structure—activity relationship (QSAR) analysis and Al-
assisted rational drug design [13]. These advances have increased therapeutic effectiveness,
safety, and bioavailability while decreasing drug development time and cost. Al enables the
analysis of genetic and clinical data to identify therapies most appropriate for individual
patients and to select molecules with the best therapeutic index, revolutionizing drug therapy
through the accurate prediction of how medications will perform based on extensive clinical
data [14].

With Al-powered Clinical Decision Support Systems (CDSS), healthcare professionals
receive recommendations for suitable treatment options, alerts about potential drug
interactions, and guidance on dose adjustment based on a patient’s clinical status. The ability
of CDSS to provide real-time recommendations allows clinicians to make timely therapeutic
decisions using data that was not previously accessible [15]. Furthermore, ML algorithms can
identify and track trends in medication use and clinical outcomes that were previously
undetectable or difficult to monitor. Al-integrated CDSS also address “alert fatigue” by
focusing only on alerts relevant to specific patients, helping providers recognize early signs
of adverse drug events or the need for proactive monitoring of complex drug dosing or
therapy [16]. Al can synthesize complex data to help address polypharmacy, ensuring
consistent, high-quality therapeutic approaches across diverse patient populations.

3.3 Al-Based Prediction of Adverse Drug Reactions (ADRSs)

The healthcare sector increasingly utilizes Al and ML to predict the occurrence of ADRs,
which can have an inadvertent impact on patients after taking specific medications.
Conventional methods for detecting ADRs typically rely on spontaneous reporting and post-

marketing surveillance [17], which are time-consuming and often lack sufficient data to be
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fully effective. By leveraging the connectivity between diverse data sources, including drug
structural information, electronic health records (EHRs), and pharmacogenomic information,
AI/ML models can extract patterns relating to ADR occurrence [18]. This allows for early
identification of potential hazards associated with drug response and enables clinicians to
rapidly evaluate or amend treatment options when necessary.

AI/ML models for predicting ADRs support patient outcomes by providing tailored safety
assessments through the identification of high-risk drug—reaction pairs. Predictive models
that utilize algorithmic techniques such as deep learning, random forests, and gradient
boosting have demonstrated superior predictive capability over traditional pharmacovigilance
techniques, enabling more precise prediction of ADR-associated risk [19]. The key
methodologies underlying Al-based ADR prediction include the following:

1. Large-scale data analysis: Al can process large volumes of genomic data and electronic
health records to identify relationships between specific drugs and potentially harmful effects.
By analysing drug structure (commonly via SMILES codes), deep learning methods can
forecast risks of hepatotoxicity, cardiotoxicity, and other forms of toxicity [20]. Predictive
accuracy for specific drug reactions is typically reported above 90% when comparing a new
drug’s structure with that of known harmful compounds.

2. Machine learning techniques: Prediction of specific drug reactions has been achieved
with varying degrees of success using algorithms such as Random Forest, Support Vector
Machines (SVM), and gradient boosting methods [21].

3. Deep learning models: More complex models have been developed to identify patterns
among drugs, their associated genes, and potential ADRs, making it possible to use
convolutional neural networks (CNNs) and integrated systems such as DGANet to predict
ADRs [22].

4. Improving pharmacovigilance: Al substantially improves pharmacovigilance processes
through real-time ADR monitoring, automated analysis of reports, and accelerated clinical

risk evaluation [23].

3.4 AI/ML in Drug Interaction Detection and Prevention

The use of Al and ML for identifying drug—drug interactions (DDIs) hold tremendous
potential for the future of drug safety monitoring and the reduction of ADRs. DDIs can
reduce medication efficacy or increase toxicity, particularly among elderly patients on

multiple medications [24]. Retrospective methods of DDI detection commonly miss rare
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interactions, whereas AI/ML approaches—including supervised, semi-supervised, graph-
based, and deep learning methods—achieve high predictive accuracy for detecting DDIs.

Al systems interfaced with EHRs enable real-time DDI screening, reducing the risk of ADRs
and creating new opportunities for individualized therapy; however, challenges such as data
imbalance and regulatory considerations remain before such systems can be used widely [25].
Hybrid systems and explainable Al are expected to see increased use in the coming years,
further reducing ADR rates and demonstrating the potential of AI/ML to transform drug
management. These developments have fundamentally shaped DDI prediction, particularly in
complex polypharmacy situations. Model-Informed Precision Dosing (MIPD) is one of the
first practical applications of these integration tools, enhancing dosing safety and precision by
coupling patient-specific information with appropriate clinical models [26].

3.5 Al in Medication Error Reduction and Patient Safety

Healthcare is increasingly using Al to improve drug dosing management and medication
safety. Al allows providers to select dosages based on multiple patient-specific factors,
including genetics and personal history, resulting in better outcomes through individualized
treatment [2]. By alerting clinicians to potential errors and notifying them of medication
changes, the Clinical Decision Support System (CDSS) continues to improve in accuracy
through accumulated experience and ongoing analysis of new data. CDSS performance is
further enhanced by data collected from wearables and mobile devices, allowing instant
adjustment of treatment plans and providing additional information to support dosing
decisions, such as for anticoagulants [25].

Many medication errors—primarily attributable to mistakes made by healthcare providers
during prescribing, dispensing, and administration—can be prevented through Al-enabled
systems. CDSS allows providers to identify prescription errors, allergies, drug interactions,
and incorrect dosing more accurately than traditional methods. By generating real-time alerts,
Al solutions allow providers to manage the medication process more efficiently [16].
Improved alert systems that indicate severity levels also help reduce clinicians’ experience of
alert fatigue and optimize workflow.

Al-powered machine learning algorithms that analyse workflows enable physicians to
identify mismatched medication vials in real time, improving the accuracy of medication
verification [27]. Predictive analytics can further tailor medication doses to each patient’s
unique physiological profile, reducing the likelihood of dosing errors and lowering overall

medication error rates.
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3.6 Al in Research, Drug Discovery, and Development

Drug discovery is a complex and prolonged process, typically spanning approximately 12
years and costing approximately $2.6 billion to reach FDA approval. It remains a challenging
enterprise, with high attrition rates among candidate compounds, particularly for chronic
conditions. The introduction of Al has transformed drug development by providing
sophisticated computational capabilities that increase the efficiency and accuracy of multiple
phases of the discovery process [28]. The use of Al in protein—ligand docking, molecular
dynamics modelling, and virtual screening of promising drug candidates, together with
improved patient selection and monitoring in clinical trials, has accelerated the development
of medicinal products. AI’s impact on accelerating the development of new therapies, while
adhering to ethical practice and regulatory requirements, is expected to have a substantial
effect on global healthcare.

Al technologies enable analysis of large datasets, generation of novel molecular designs, and
prediction of efficacy in drug discovery [29]. Notable Al tools used across these processes
include AlphaFold, IBM Watson, DeepChem, DeepTox, ORGANIC, and Hit Dexter, which
together span a wide range of drug research and development activities and contribute to
greater efficiency and patient safety.

Al represents considerable potential for drug discovery but remains limited by several
obstacles, including data quality and accessibility, data bias, resource intensity, regulatory
constraints, and limited funding [29]. Effective Al models require diverse, high-quality
datasets that are often difficult to obtain due to data-privacy regulations and cost. Predictions
based on data that is biased against specific demographic groups may also yield inaccurate
outcomes; methods such as SMOTE are being developed to mitigate such bias, though these
remain the subject of ongoing research. Deep learning models typically require substantial
computational resources, making collaboration between smaller research teams and Al
technology vendors important. Collaboration among stakeholders is also critical for
navigating the regulatory approval process, which requires substantiation of the safety and
efficacy of Al-derived results [3]. Building partnerships and funding strategies to overcome
these barriers will be essential to advancing Al in drug discovery.

3.7 Training and Education of Clinical Pharmacists in AI/ML

As healthcare systems increasingly adopt Al and ML, clinical pharmacists must develop
competence in these technologies. The literature broadly supports early education in AI/ML
and basic data science concepts within pharmacy curricula as the most effective way to

ensure graduating pharmacists possess these skills [30]. Such education should address
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AI/ML principles, applications in healthcare (including predictive analytics), and governance
of Al tools (including ethics). Continuing education (CE) and certification programs are also
essential to keeping practising pharmacists current with technological advances and
associated ethical considerations.

Pharmacy students generally hold a positive view of AI/ML, but currently have limited
formal training in the field, and many have called for greater opportunities for practical
learning [31]. The International Pharmaceutical Federation (FIP) has responded by
developing toolkits and guidelines to help integrate digital health literacy and Al
competencies into pharmacy education.

This shift has given rise to initiatives emphasizing cross-disciplinary Al training in
healthcare, centred on competencies such as algorithmic stewardship, Al ethics, and data
fluency. Educational pathways for pharmacists are expected to combine initial degree training
with advanced post-graduate certification [32]. Notable developments for the 2025-2026
period include the introduction of undergraduate programs that integrate basic Al principles
and the development of dual-degree options (Pharm.D. and M.S. in A/ML).

3.8 Use of AI/ML in Clinical Decision Support Systems (CDSS)

Al and ML have fundamentally transformed Clinical Decision Support Systems (CDSS). The
major techniques applied include:

1. Supervised machine learning-based outcome prediction;

2. Deep learning for multi-dimensional data analysis and transformation;

3. Natural language processing (NLP) to extract structured information from clinical notes;
4. Reinforcement learning to develop optimal treatment policies; and
5

Hybrid applications combining clinical logic with ML methodologies.

These technologies provide the greatest value to CDSS through their ability to identify
potential health risks earlier in the continuum of care, support optimal medication safety,
assist with diagnosis, contribute to personalized treatment planning, and automate repetitive
clinical workflows, thereby enhancing the efficiency and accuracy of clinical practice [33].
Successful implementation of Al-enabled CDSS requires integration into existing workflows,
ongoing involvement of clinical experts, high-quality data input, and continual monitoring of
system effectiveness. Al-based systems increasingly employ explainable AI methodologies to
help clinicians understand the decision-making process and build trust in these systems.
Nevertheless, challenges for Al-enabled CDSS include the potential for amplifying bias, risks

to patient safety, and ethical implications of the technology; robust governance and
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comprehensive validation mechanisms are therefore essential for successful use [34]. Real-
world applications demonstrate significant advantages for CDSS, and best practices for
successful adoption emphasize aligning Al solutions with clinical needs and engaging end
users in the design process.

3.9 Future Prospects and Innovations in AI/ML in Clinical Pharmacy

Clinical pharmacy is undergoing rapid transformation through AI and ML. Over the next 5—
10 years, AI/ML is expected to improve medication management, automate repetitive tasks,
and enable patient-centred care through personalized dosing [35]. The integration of data and
models into AI/ML-based pharmacy systems will significantly redefine pharmacists’
capabilities, moving the profession toward pharmacogenomic-based approaches to precision
dosing and medication safety, while maximizing therapeutic optimization through evidence-
based, individualized strategies—including intelligent digital decision-support systems for
predicting adverse drug reactions and automation that reduces operational barriers to clinical
service delivery [29].

Al-based agents are also expected to support tele pharmacy, remote clinical services, and the
optimization of clinical trial operations. Barriers remain, however, including data quality, the
level of acceptance of Al within pharmacy workflows, ethical considerations, and the need
for sound governance frameworks aligned with these emerging models of practice. As
agentic Al continues to advance, pharmacists are expected to gain greater capacity for
proactive risk monitoring and to automate a substantial share of routine pharmacy tasks.
Innovations such as 3D-printed medications, digital twins for patient simulation, and hyper-
personalized adherence strategies are likely to further enhance the pharmacy profession in the

years ahead [36, 37].

Table-1: Impact of AIML on clinical pharmacy practise.

Clinical area Traditional Ai based approach | Improvement
approach (%)

Medication error | Manual review Automated 45(%)

detection screening

ADR prediction Spontaneous Predictive Analytics | 88(%)
reporting

Drug interaction | Database matching Deep learning | 90(%)

detection models

Clinical decision support | Rule based system Intelligent CDSS 70(%)

Personalised medicine Standard dosing Precision dosing 70(%)
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Table-2: Al applications in clinical pharmacy.

Application Al technology used | Clinical benefit

Drug dosing optimization ML algorithm Improved efficacy
Prediction Deep Learning Enhanced patient safety
Drug interaction detection Neural network Reduced toxicity
Clinical decision support NLP+ ML Faster decision
Medication adherence monitoring | Predictive Analytics | Better compliance

4. CONCLUSION

Clinical pharmacy is undergoing transformation through the introduction of artificial
intelligence (AI) and machine learning (ML), which are having a substantial effect on
practice, making it increasingly accurate, efficient, and tailored to individual patients’ needs.
Pharmacy practice has traditionally relied heavily on clinical judgement in medication-related
decision-making; this is now shifting toward more analytical, data-driven approaches that
enable clinical pharmacists to analyse large volumes of data from electronic health records
(EHRs) and pharmacogenomic databases to select the most appropriate medication and
dosage for each patient’s unique circumstances while ensuring medication safety. Key
advances include the development of Al-based Clinical Decision Support Systems (CDSS),
which provide real-time alerts regarding potential drug interactions, and predictive modelling
tools that optimize medication therapy. Al-based methods have shown advantages over
traditional approaches in predicting the likelihood of adverse drug reactions (ADRs) and in
detecting and monitoring drug—drug interactions that threaten patient safety. This review also
underscores the importance of educating pharmacists on AI/ML-related issues such as data
quality, privacy, and algorithmic bias. In conclusion, although AI/ML will enhance the role
of the clinical pharmacist, it cannot replace the pharmacist in delivering personalized, patient-

specific pharmaceutical care.

ACKNOWLEDGMENT

The authors would like to express their sincere thanks to the Department of Clinical
Pharmacy Practice, Malla Reddy College of Pharmacy, for all the support received while
preparing this review for publication. The authors also extend their heartfelt gratitude to Dr.
Padige Srivarsha for her assistance and guidance, and to the Head of the Department and the
Principal for their encouragement. The authors would like to thank all of the researchers who
contributed to this article through the references used in its preparation. Lastly, the authors

wish to thank their classmates, colleagues, and families for their moral support.

www.ijarp.com



http://www.ijarp.com/

International Journal Advanced Research Publication

REFERENCES

1.

www.ijarp.com

Alam A, Shah SS, Rabbani SA, El-Tanani M. The Role of Artificial Intelligence in
Pharmacy Practice and Patient Care: Innovations and Implications. BioMedInformatics.
2025 Nov 26;5(4):65. https://www.mdpi.com/2673-7426/5/4/65

Chalasani SH, Syed J, Ramesh M, Patil V, Kumar TP. Artificial intelligence in the field
of pharmacy practice: A literature review. Exploratory Research in Clinical and Social
Pharmacy. 2023 Dec 1;12:100346.
https://www.sciencedirect.com/science/article/pii/S2667276623001270

Riester MR, Zullo AR. Prediction tool development and implementation in pharmacy
practice (PreDICT) proposed guidance. Am J Health Syst Pharm. 2023 Jan 24;80(3):111-
123. doi: 10.1093/ajhp/zxac298. PMID: 36242567; PMCID: PMC10060697.
https://pme.ncbi.nlm.nih.gov/articles/PMC10060697/

Tambhure MA, Lasgaure MS. A review on impact of artificial intelligence on pharmacy
practice. International Journal of Sciences and Innovation Engineering. 2025 Jun
12;2(6):592-602. http://ijsci.com/index.php/home/article/view/274

Chhina A, Trehan K, Saini M, Thakur S, Kaur M, Shahtaghi NR, Shivgotra R, Soni B,
Modi A, Bakrey H, Jain SK. Revolutionizing pharmaceutical industry: The radical
impact of artificial intelligence and machine learning. Current Pharmaceutical Design.
2023 Jun 1;29(21):1645-58.
https://www.benthamdirect.com/content/journals/cpd/10.2174/138161282966623080716
1421

Halagali P, Nayak D, Seenivasan R, Manikkath J, Rathnanand M, Tippavajhala VK.
Artificial intelligence revolution in pharmaceutical sciences: Advancements, clinical
impacts, and applications. Curr Pharm Biotechnol. 2025;23. https://ingentium-
kb4.s3.amazonaws.com/charisma-references/covkb/pdf/242328.pdf

Algahtani SS, Menachery SJ, Alshahrani A, Albalkhi B, Alshayban D, Igbal MZ.
Artificial intelligence in clinical pharmacy—A systematic review of current scenario and
future  perspectives. Digital  Health. 2025 Oct;11:20552076251388145.
https://journals.sagepub.com/doi/full/10.1177/20552076251388145

Das S, Dey R, Nayak AK. Artificial intelligence in pharmacy. Indian J Pharm Educ Res.
2021 Apr 1;55(2):304-18. https://archives.ijper.org/sites/default/files/IndJPhaEdRes-55-
2-304.pdf

Ogbuagu OO, Mbata AO, Balogun OD, Oladapo O, Ojo OO, Muonde M. Artificial

intelligence in clinical pharmacy: Enhancing drug safety, adherence, and patient-centered



http://www.ijarp.com/
https://www.mdpi.com/2673-7426/5/4/65
https://www.sciencedirect.com/science/article/pii/S2667276623001270
https://pmc.ncbi.nlm.nih.gov/articles/PMC10060697/
http://ijsci.com/index.php/home/article/view/274
https://www.benthamdirect.com/content/journals/cpd/10.2174/1381612829666230807161421
https://www.benthamdirect.com/content/journals/cpd/10.2174/1381612829666230807161421
https://ingentium-kb4.s3.amazonaws.com/charisma-references/covkb/pdf/242328.pdf
https://ingentium-kb4.s3.amazonaws.com/charisma-references/covkb/pdf/242328.pdf
https://journals.sagepub.com/doi/full/10.1177/20552076251388145
https://archives.ijper.org/sites/default/files/IndJPhaEdRes-55-2-304.pdf
https://archives.ijper.org/sites/default/files/IndJPhaEdRes-55-2-304.pdf

10.

11.

12.

13.

14.

15.

16.

www.ijarp.com ¢

International Journal Advanced Research Publication

care. International Journal of Multidisciplinary Research and Growth Evaluation. 2023
Jan;4(1):814-22.
https://www.allmultidisciplinaryjournal.com/uploads/archives/20250210182421 MGE-
2025-1-334.1.pdf

Shahmoradi L, Safdari R, Ahmadi H, Zahmatkeshan M. Clinical decision support
systems-based interventions to improve medication outcomes: A systematic literature
review on features and effects. Med J Islam Repub Iran. 2021 Feb 22;35:27. doi:
10.47176/mjiri.35.27. PMID: 34169039; PMCID: PMC8214039.
https://pmc.ncbi.nlm.nih.gov/articles/PMC8214039/

Taherdoost H, Ghofrani A. AID’s role in revolutionizing personalized medicine by
reshaping pharmacogenomics and drug therapy. Intelligent Pharmacy. 2024 Oct
1;2(5):643-50. https://www.sciencedirect.com/science/article/pii/S2949866X2400087X
Goldmann N, Skalicky SE, Weinreb RN, Guedes RA, Baudouin C, Zhang X, van Gestel
A, Blumenthal EZ, Kaufman PL, Rothman R, Vasquez AM. Defining functional
requirements for a patient-centric computerized glaucoma treatment and care ecosystem.
Journal of Medical Artificial Intelligence. 2023 Feb 28;6.
https://jmai.amegroups.org/article/view/7605/html

Algahtani SS, Menachery SJ, Alshahrani A, Albalkhi B, Alshayban D, Igbal MZ.
Artificial intelligence in clinical pharmacy—A systematic review of current scenario and
future perspectives. Digit Health. 2025 Oct 21;11:20552076251388145. doi:
10.1177/20552076251388145.  PMID:  41146680; PMCID:  PMC12553886.
https://pme.ncbi.nlm.nih.gov/articles/PMC12553886/

Khude H, Shende P. Al-driven clinical decision support systems: Revolutionizing
medication selection and personalized drug therapy. Advances in Integrative Medicine.
2025 Jun 24:100529.
https://www.sciencedirect.com/science/article/abs/pii/S2212958825000886

Pohane AL, Dighade SJ, Rithe ES, Mangwani RR, Raut AS, Bhamburkar SS. Al-driven
advancements in pharmacy: Enhancing drug discovery, optimization and clinical
decision-making. International Journal of Innovative Science and Research Technology.
2025;10(3):615-626. https://doi.org/10.38124/ijisrt/25mar533

Bringhurst K, Jones T, Runko G, Jabbari M, Zipparro N, Vo GN, Ullah A, Vo TM,
Corrigan M, Birrey V, Jacobs RJ. Artificial intelligence in the management of

polypharmacy among older adults: A scoping review. Cureus. 2025 Aug 24;17(8).



http://www.ijarp.com/
https://www.allmultidisciplinaryjournal.com/uploads/archives/20250210182421_MGE-2025-1-334.1.pdf
https://www.allmultidisciplinaryjournal.com/uploads/archives/20250210182421_MGE-2025-1-334.1.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8214039/
https://www.sciencedirect.com/science/article/pii/S2949866X2400087X
https://jmai.amegroups.org/article/view/7605/html
https://pmc.ncbi.nlm.nih.gov/articles/PMC12553886/
https://www.sciencedirect.com/science/article/abs/pii/S2212958825000886
https://doi.org/10.38124/ijisrt/25mar533

17.

18.

19.

20.

21.

22.

23.

24.

www.ijarp.com

International Journal Advanced Research Publication

https://assets.cureus.com/uploads/review_article/pdf/393794/20250923-48824-
tezoeq.pdf

Pandey M. Utilizing Al and big data to predict and prevent adverse drug reactions.
Journal of Health Physiotherapy and Orthopaedics (JHPO). 2025 Jun 25;2(3):01-3.
https://jhporesearch.com/index.php/1/article/view/22

Peng J, Fu L, Yang G, Cao D. Advanced Al-driven prediction of pregnancy-related
adverse drug reactions. Journal of Chemical Information and Modeling. 2024 Nov
29;64(24):9286-98. https://pubs.acs.org/doi/abs/10.1021/acs.jcim.4c01657

Dsouza VS, Leyens L, Kurian JR, Brand A, Brand H. Artificial intelligence in
pharmacovigilance: A systematic review on predicting adverse drug reactions in
hospitalized patients. Research in Social and Administrative Pharmacy. 2025 Feb 12.
https://www.sciencedirect.com/science/article/pii/S1551741125000361

Liu M, Wu Y, Chen Y, Sun J, Zhao Z, Chen XW, Matheny ME, Xu H. Large-scale
prediction of adverse drug reactions using chemical, biological, and phenotypic
properties of drugs. Journal of the American Medical Informatics Association. 2012 Jun
1;19(e1):e28-35. https://academic.oup.com/jamia/article/19/e1/€28/2909247

Hu Q, Chen Y, Zou D, He Z, Xu T. Predicting adverse drug event using machine
learning based on electronic health records: A systematic review and meta-analysis.
Front Pharmacol. 2024 Nov 13;15:1497397. doi: 10.3389/fphar.2024.1497397. PMID:
396059009; PMCID: PMC11600142.
https://pme.ncbi.nlm.nih.gov/articles/PMC11600142/

He M, Shi Y, Han F, Cai Y. Prediction of adverse drug reactions based on
pharmacogenomics combination features: A preliminary study. Front Pharmacol. 2025
Mar 10;16:1448106. doi: 10.3389/fphar.2025.1448106. PMID: 40129949; PMCID:
PMC11931068. https://pme.ncbi.nlm.nih.gov/articles/PMC11931068/

Algarvio RC, Conceicdo J, Rodrigues PP, Ribeiro I, Ferreira-da-Silva R. Artificial
intelligence in pharmacovigilance: A narrative review and practical experience with an
expert-defined Bayesian network tool. Int J Clin Pharm. 2025 Aug;47(4):932-944. doi:
10.1007/s11096-025-01975-3.  PMID:  40736603; PMCID: = PMC12335403.
https://pme.ncbi.nlm.nih.gov/articles/PMC12335403/

Latheesh SS, Yogapriya M, Kandavel N, Sudharshan R, Karthikeyan P, Gowri R.
Machine learning and deep learning approaches for predicting adverse drug reaction and
drug-drug interaction. In: Advances in Additive Manufacturing Technologies. p. 317-24.
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003685906-51/machine-



http://www.ijarp.com/
https://assets.cureus.com/uploads/review_article/pdf/393794/20250923-48824-tezoeq.pdf
https://assets.cureus.com/uploads/review_article/pdf/393794/20250923-48824-tezoeq.pdf
https://jhporesearch.com/index.php/1/article/view/22
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.4c01657
https://www.sciencedirect.com/science/article/pii/S1551741125000361
https://academic.oup.com/jamia/article/19/e1/e28/2909247
https://pmc.ncbi.nlm.nih.gov/articles/PMC11600142/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11931068/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12335403/
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003685906-51/machine-learning-deep-learning-approaches-predicting-adverse-drug-reaction-drug-drug-interaction-saran-latheesh-yogapriya-kandavel-sudharshan-karthikeyan-gowri

25.

26.

27.

28.

29.

30.

31.

www.ijarp.com

International Journal Advanced Research Publication

learning-deep-learning-approaches-predicting-adverse-drug-reaction-drug-drug-
interaction-saran-latheesh-yogapriya-kandavel-sudharshan-karthikeyan-gowri

Zhang Y, Deng Z, Xu X, Feng Y, Junliang S. Application of artificial intelligence in
drug—drug interactions prediction: A review. Journal of Chemical Information and
Modeling. 2023 Jul 17;64(7):2158-73.
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.3c00582

Huang W, Wang X, Chen Y, Yu C, Zhang S. Advancing drug-drug interactions research:
Integrating Al-powered prediction, vulnerable populations, and regulatory insights. Front
Pharmacol. 2025 Aug 13;16:1618701. doi: 10.3389/fphar.2025.1618701. PMID:
40880653; PMCID: PMC12380558.
https://pme.ncbi.nlm.nih.gov/articles/PMC12380558/

Graafsma J, Murphy RM, van de Garde EMW, Karapinar-Carkit F, Derijks HJ, Hoge
RHL, Klopotowska JE, van den Bemt PMLA. The use of artificial intelligence to
optimize medication alerts generated by clinical decision support systems: A scoping
review. Journal of the American Medical Informatics Association. 2024 Jun;31(6):1411-
1422. https://doi.org/10.1093/jamia/ocac076

Chhina A, Trehan K, Saini M, Thakur S, Kaur M, Shahtaghi NR, Shivgotra R, Soni B,
Modi A, Bakrey H, Jain SK. Revolutionizing pharmaceutical industry: The radical
impact of artificial intelligence and machine learning. Current Pharmaceutical Design.
2023 Jun 1;29(21):1645-58.
https://www.benthamdirect.com/content/journals/cpd/10.2174/138161282966623080716
1421

Husnain A, et al. Revolutionizing pharmaceutical research: Harnessing machine learning
for a paradigm shift in drug discovery. International Journal of Multidisciplinary
Sciences and Arts. 2023 Oct;2(4):149-157. doi:  10.47709/ijmdsa.v2i2.2897.
https://doi.org/10.47709/ijmdsa.v2i2.2897

Raza MA, Aziz S, Noreen M, Saeed A, Anjum I, Ahmed M, Raza SM. Artificial
intelligence (AI) in pharmacy: An overview of innovations. Innov Pharm. 2022 Dec
12;13(2). doi: 10.24926/iip.v13i2.4839. PMID: 36654703; PMCID: PMC9836757.
https://pme.ncbi.nlm.nih.gov/articles/PMC9836757/

Zhang X, Tsang CC, Ford DD, Wang J. Student pharmacists’ perceptions of artificial
intelligence and machine learning in pharmacy practice and pharmacy education.
American Journal of Pharmaceutical Education. 2024 Dec 1;88(12):101309.
https://www.sciencedirect.com/science/article/abs/pii/S0002945924110285



http://www.ijarp.com/
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003685906-51/machine-learning-deep-learning-approaches-predicting-adverse-drug-reaction-drug-drug-interaction-saran-latheesh-yogapriya-kandavel-sudharshan-karthikeyan-gowri
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003685906-51/machine-learning-deep-learning-approaches-predicting-adverse-drug-reaction-drug-drug-interaction-saran-latheesh-yogapriya-kandavel-sudharshan-karthikeyan-gowri
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.3c00582
https://pmc.ncbi.nlm.nih.gov/articles/PMC12380558/
https://doi.org/10.1093/jamia/ocae076
https://www.benthamdirect.com/content/journals/cpd/10.2174/1381612829666230807161421
https://www.benthamdirect.com/content/journals/cpd/10.2174/1381612829666230807161421
https://doi.org/10.47709/ijmdsa.v2i2.2897
https://pmc.ncbi.nlm.nih.gov/articles/PMC9836757/
https://www.sciencedirect.com/science/article/abs/pii/S0002945924110285

32.

33.

34.

35.

36.

37.

www.ijarp.com

International Journal Advanced Research Publication

Aziz MH, Rowe C, Southwood R, Nogid A, Berman S, Gustafson K. A scoping review
of artificial intelligence within pharmacy education. American Journal of Pharmaceutical
Education. 2024 Jan 1;88(1):100615.
https://www.sciencedirect.com/science/article/abs/pii/S0002945923045539
Gomez-Cabello CA, Borna S, Pressman S, Haider SA, Haider CR, Forte AJ. Artificial-
intelligence-based clinical decision support systems in primary care: A scoping review of
current clinical implementations. Eur J Investig Health Psychol Educ. 2024 Mar
13;14(3):685-698. doi:  10.3390/ejihpe14030045. PMID: 38534906; PMCID:
PMC10969561. https://pmc.ncbi.nlm.nih.gov/articles/PMC10969561/

Sivakumar R, Lue B, Kundu S. FDA approval of artificial intelligence and machine
learning devices in radiology: A systematic review. JAMA Netw Open. 2025 Nov
3;8(11):¢2542338. doi: 10.1001/jamanetworkopen.2025.42338. PMID: 41201805;
PMCID: PMC12595527. https://pmc.ncbi.nlm.nih.gov/articles/PMC12595527/
Thomason J. Al agents and automation: The future of clinical pharmacy. Global Health
Journal. 2025 Sep 29.
https://www.sciencedirect.com/science/article/pii/S2414644725000557

Algahtani SS, Menachery SJ, Alshahrani A, Albalkhi B, Alshayban D, Igbal MZ.
Artificial intelligence in clinical pharmacy—A systematic review of current scenario and
future perspectives. Digit Health. 2025 Oct 21;11:20552076251388145. doi:
10.1177/20552076251388145.  PMID:  41146680; PMCID:  PMC12553886.
https://pme.ncbi.nlm.nih.gov/articles/PMC12553886/

Sharma H, Kaur S. Patient-specific digital twins for personalized healthcare: A hybrid Al
and simulation-based framework. IEEE  Access. 2025 Aug 12.
https://ieeexplore.ieee.org/abstract/document/11123437/



http://www.ijarp.com/
https://www.sciencedirect.com/science/article/abs/pii/S0002945923045539
https://pmc.ncbi.nlm.nih.gov/articles/PMC10969561/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12595527/
https://www.sciencedirect.com/science/article/pii/S2414644725000557
https://pmc.ncbi.nlm.nih.gov/articles/PMC12553886/
https://ieeexplore.ieee.org/abstract/document/11123437/

