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Abstract

Background: Artificial intelligence (Al) has shown promise in transforming healthcare delivery, including medication
therapy management (MTM). However, little is known about the perspectives of pharmacists and nurses on the
potential of Al in optimizing MTM in Saudi Arabian hospitals.

Objective: This study aimed to explore the views of pharmacists and nurses on the potential benefits, challenges,
and future directions of Al in MTM within the Saudi Arabian hospital context.

Methods: A qualitative descriptive design was used. Semi-structured interviews were conducted with 20
pharmacists and 20 nurses purposively sampled from 4 tertiary hospitals in Riyadh, Saudi Arabia. Thematic analysis
was used to analyze the data.

Results: Participants perceived several potential benefits of Al in MTM, including improved medication safety,
efficiency, and personalized care. However, they also identified challenges such as data privacy concerns, lack of
human touch, and the need for specialized training. Three key themes emerged regarding future directions: 1)
Developing Al systems that integrate with existing workflows; 2) Ensuring transparency and explainability of Al
decisions; and 3) Fostering interprofessional collaboration in Al implementation.

Conclusion: Pharmacists and nurses in Saudi Arabia recognize the potential of Al to optimize MTM but also
anticipate challenges. Collaborative efforts are needed to thoughtfully design and implement Al solutions that
enhance rather than disrupt patient care. Future research should pilot Al interventions for MTM and evaluate their
impact on patient outcomes.

1. Introduction

The rapid advancement of artificial intelligence (Al) technologies has opened up new possibilities for transforming
healthcare delivery and improving patient outcomes (Ngiam & Khor, 2019). One promising application of Al is in
the domain of medication therapy management (MTM), which involves optimizing medication use and adherence,
reducing adverse drug events, and improving medication-related health outcomes (Ayorinde et al., 2022). With the
ability to rapidly analyze large volumes of data, identify patterns, and generate predictive insights, Al has the
potential to revolutionize the way MTM is practiced (Challen et al., 2019).

In Saudi Arabia, the healthcare system has undergone significant expansion and modernization in recent years, with
increasing adoption of digital health technologies (Alharbi, 2018). However, medication errors and adverse drug
events remain a significant challenge, with studies suggesting that up to 23% of patients in Saudi hospitals
experience medication-related problems (Al-Otaibi et al., 2018). Implementing Al solutions for MTM could help
address these issues and improve the quality and safety of medication use.
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Pharmacists and nurses play a crucial role in MTM, with pharmacists being responsible for medication review,
counseling, and monitoring, and nurses often serving as the final checkpoint before medications are administered to
patients (Alharthi et al., 2020). As such, the perspectives of these healthcare professionals on the potential of Al in
MTM are critical for informing the design, implementation, and evaluation of Al interventions. However, there is
currently a lack of research exploring the views of pharmacists and nurses on Al in MTM, particularly within the
Saudi Arabian context.

This study aimed to address this gap by conducting in-depth interviews with pharmacists and nurses in Saudi
Arabian hospitals to explore their perspectives on the potential benefits, challenges, and future directions of Al in
optimizing MTM. Understanding the insights of these frontline practitioners is essential for developing Al solutions
that are not only technically sound but also aligned with the needs, values, and workflows of the healthcare teams
who will use them. The findings of this study can inform policymakers, healthcare leaders, and technology
developers on how to successfully integrate Al into MTM practice in Saudi Arabia and beyond.

2. Literature Review

Al is a rapidly evolving field that encompasses a range of techniques, including machine learning, natural language
processing, and computer vision, which enable computers to perform tasks that typically require human intelligence
(Jiang et al., 2017). In healthcare, Al has shown promise in various applications such as disease diagnosis, drug
discovery, personalized medicine, and clinical decision support (Ngiam & Khor, 2019). The use of Al in medication
management is an emerging area of research, with studies demonstrating the potential of Al to optimize medication
selection, dosing, and monitoring (Ayorinde et al., 2022).

One key application of Al in MTM is in the identification and prevention of medication errors and adverse drug
events. For example, machine learning algorithms have been developed to predict the risk of adverse drug reactions
based on patient characteristics and medication regimens (Caster et al., 2020). Al-powered clinical decision support
systems can alert healthcare providers to potential drug-drug interactions, contraindications, and dosing errors at the
point of care (Tomaselli et al., 2020). Al can also be used to monitor medication adherence through smart pill bottles
or wearable devices, enabling early identification and intervention for non-adherence (Labovitz et al., 2017).
Another promising area is the use of Al for personalized medication therapy. By analyzing large datasets of patient
characteristics, medication use, and clinical outcomes, AI models can generate individualized treatment
recommendations tailored to each patient's unique needs and preferences (Khandelwal et al., 2022). This approach
has the potential to improve the effectiveness and safety of medication therapy while also enhancing patient
engagement and shared decision-making.

However, the implementation of Al in MTM also poses several challenges. One major concern is the potential for Al
algorithms to perpetuate or exacerbate biases present in the training data, leading to disparities in treatment
recommendations for different patient populations (Wiens et al., 2019). Ensuring the transparency, interpretability,
and explainability of Al models is critical for fostering trust and acceptance among healthcare providers and patients
(Ahmad et al., 2018). Data privacy and security are also key considerations, as Al systems often rely on access to
sensitive patient health information (Kaisho, 2021).

Furthermore, the successful integration of Al into MTM practice requires addressing organizational and human
factors. Healthcare providers may lack the necessary knowledge and skills to effectively use Al tools, highlighting
the need for specialized training and education (Vural & Kaya, 2020). Workflow disruptions and increased cognitive
burden are potential unintended consequences of poorly designed Al interventions (Morgado & Sanchez, 2021).
Ensuring that Al systems are seamlessly integrated into existing clinical workflows and align with the needs and
preferences of end-users is crucial for achieving widespread adoption and realizing the full benefits of Al in MTM
(Ibrini et al., 2020).

While previous studies have explored healthcare providers' perspectives on Al in general (Lai et al., 2020; Sit et al.,
2020), there is a paucity of research specifically examining the views of pharmacists and nurses on Al in MTM.
Given the central role these professionals play in medication management, understanding their unique insights and
concerns is essential for developing Al solutions that are fit for purpose and successfully implemented in practice.
This study aims to address this research gap within the context of Saudi Arabian hospitals, where the potential of Al
in MTM remains largely unexplored.

3. Methods

A qualitative descriptive design was used to gain an in-depth understanding of pharmacists' and nurses' perspectives
on the potential of Al in optimizing MTM. Qualitative description is well-suited for research aimed at eliciting
firsthand knowledge from practitioners to inform practice and policy (Kim et al., 2017).

3.1 Setting and Participants

The study was conducted across four tertiary hospitals in Riyadh, Saudi Arabia. Purposive sampling was used to
recruit pharmacists and nurses with experience in MTM. Inclusion criteria were: 1) Licensed pharmacist or
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registered nurse; 2) Minimum of 2 years of hospital practice experience; 3) Involved in direct patient care and MTM
activities. A total of 20 pharmacists and 20 nurses participated in the study (see Table 1 for participant
characteristics).

3.2 Data Collection

Individual semi-structured interviews were conducted with participants. The interview guide was developed based
on a review of the literature and input from an expert panel of health informatics and MTM researchers. Questions
explored perspectives on the current state of MTM, potential applications and benefits of Al, anticipated challenges
and concerns, and recommendations for future development and implementation of Al in MTM. Interviews were
conducted in either English or Arabic based on participant preference, audio-recorded, and transcribed verbatim.
Arabic transcripts were translated into English for analysis.

3.3 Data Analysis

Thematic analysis was used to analyze the interview data, following the six-step approach outlined by Braun and
Clarke (2006). Two researchers independently coded the transcripts, then met to compare codes and organize them
into initial themes. Themes were refined through discussion with the full research team. Strategies to ensure
trustworthiness included maintaining an audit trail, peer debriefing, and member checking of themes with a subset of
participants.

4. Results

Three main themes were identified regarding the potential of Al in optimizing MTM: 1) Perceived benefits; 2)
Anticipated challenges; and 3) Future directions. Subthemes and representative quotes are presented below.

4.1 Perceived Benefits

Participants identified several potential benefits of Al in MTM, including improved medication safety, efficiency,
and personalized care.

4.1.1 Medication Safety

Many participants felt that Al could enhance medication safety by reducing errors and adverse events. They
described Al's potential to quickly identify drug interactions, contraindications, and inappropriate dosing.

"AI could be like a safety net, double-checking our work and catching mistakes before they reach the patient.”
(Pharmacist 3)

"With AI monitoring, we could pick up on adverse reactions much earlier and intervene before serious harm occurs."
(Nurse 7)

4.1.2 Efficiency

Participants also perceived Al as a means to streamline MTM processes and reduce workload. They envisioned Al
automating tasks such as medication reconciliation and optimizing medication regimens.

"Al could take over some of the tedious, time-consuming parts of medication review and free us up to focus on more
complex issues." (Pharmacist 12)

"If Al could suggest the most effective and cost-efficient medication regimens, it would save a lot of time and
mental energy." (Nurse 15)

4.1.3 Personalized Care

Another perceived benefit was the potential for Al to enable more personalized, precision medicine approaches to
MTM. Participants described how Al could tailor medication recommendations based on individual patient factors.
"By analyzing each patient's unique genetic profile, health history, and preferences, Al could help us choose the
most suitable medications and doses." (Pharmacist 9)

"AI might uncover patterns we wouldn't see on our own and help us make more targeted, individualized treatment
decisions." (Nurse 20)

4.2 Anticipated Challenges

While recognizing the potential benefits, participants also foresaw various challenges in implementing Al for MTM.
4.2.1 Data Privacy and Security

Concerns about data privacy and security were common. Participants emphasized the need for robust safeguards to
protect patient information in Al systems.

"We'd need to be absolutely certain that patient data is kept confidential and secure when used for Al. Any breaches
would erode trust." (Pharmacist 18)

"Patients might be hesitant to have their information fed into Al algorithms without strong assurances of privacy."
(Nurse 6)

4.2.2 Lack of Human Touch

Some participants worried that Al could diminish the human aspects of MTM, such as face-to-face counseling and
empathetic communication. They stressed the importance of maintaining a personal touch.
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"MTM isn't just about the technical aspects of medications. It's also about building rapport and trust with patients,
which Al can't fully replace." (Pharmacist 2)

"We have to be careful not to lose the human connection and empathy in pursuit of efficiency through AL." (Nurse
11)

4.2.3 Need for Specialized Training

Participants also identified the need for specialized training to effectively use and interpret Al tools. They
recognized that integrating Al would require new skills and knowledge.

"Most of us don't have a background in Al or informatics. We would need significant training to feel comfortable
relying on these systems." (Pharmacist 15)

"It's not enough to just give us Al tools. We need to deeply understand how they work, their limitations, and how to
apply them safely in practice." (Nurse 4)

4.3 Future Directions

When asked about future directions for Al in MTM, three key themes emerged.

4.3.1 Workflow Integration

Participants emphasized the importance of developing Al systems that seamlessly integrate with existing MTM
workflows. They desired tools that would enhance rather than disrupt current practices.

"The AI solutions need to fit naturally into our daily work and information systems. They should make our jobs
easier, not add extra steps." (Pharmacist 5)

"Interoperability is key. Al needs to pull from and feed back into our electronic health records and other software we
already use." (Nurse 17)

4.3.2 Transparency and Explainability

Participants also prioritized transparency and explainability in future Al systems. They wanted to understand the
reasoning behind Al recommendations and have the ability to override them when necessary.

"Al can't be a black box. We need to know what data it's using and how it's arriving at conclusions, especially if
we're going to trust it for high-stakes decisions." (Pharmacist 14)

"There should be clear explanations in layman's terms for how the Al generated each recommendation. And we
should still have the final say." (Nurse 9)

4.3.3 Interprofessional Collaboration

Finally, participants emphasized the need for interprofessional collaboration in the design, implementation, and
evaluation of Al solutions for MTM. They believed that diverse perspectives were crucial for success.

"Pharmacists, nurses, physicians, informaticists, and patients should all have a voice in shaping these Al tools. We
each bring different expertise and insights." (Pharmacist 20)

"Collaboration will be essential for making sure the Al truly meets the needs of everyone involved in the medication
use process." (Nurse 12)

See Table 2 for additional supporting quotes.

5. Discussion

This study provides novel insights into pharmacists' and nurses' perspectives on the potential of Al to optimize
MTM in Saudi Arabian hospitals. Consistent with previous literature, participants recognized several promising
applications of Al, such as enhancing medication safety, streamlining workflows, and enabling personalized care
(Challen et al., 2019; Khandelwal et al., 2022). At the same time, they anticipated challenges related to data privacy,
the need for human interaction, and the requirement for specialized training, echoing concerns raised in prior studies
(Kaisho, 2021; Morgado & Sanchez, 2021).

Perhaps most importantly, this study highlights key considerations for the future development and implementation of
Al in MTM. Participants' emphasis on the need for workflow integration aligns with research demonstrating the
importance of human-centered design in health information technology (Luna et al., 2020). Their call for
transparency and explainability in Al systems reflects growing recognition of the need for interpretable and
accountable Al in healthcare (Ahmad et al., 2018). Finally, their focus on interprofessional collaboration underscores
the importance of engaging diverse stakeholders in the co-design of Al solutions (Berry et al., 2019).

These findings have important implications for policymakers, healthcare leaders, and technology developers seeking
to harness the potential of Al to improve MTM. They suggest that successfully integrating Al into practice will
require not only advanced technical capabilities but also careful attention to the human and organizational factors
that influence adoption and acceptance. Collaborative, interdisciplinary approaches that engage end-users
throughout the development and implementation process are needed to ensure that Al solutions are safe, effective,
and aligned with the values and needs of pharmacists, nurses, and patients.
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5.1 Limitations

The qualitative design and relatively small sample size limit the generalizability of findings. The study was
conducted in tertiary care settings in a single region of Saudi Arabia; perspectives may differ in other contexts.
Social desirability bias may have influenced participants' responses, although the use of individual interviews aimed
to minimize this risk. Future research should explore perspectives on Al in MTM across a broader range of settings
and stakeholders.

5.2 Implications for Research and Practice

The study findings highlight several priority areas for future research and practice efforts to support the successful
integration of Al into MTM. Educational programs for pharmacists and nurses should incorporate training on Al
literacy, equipping them with the knowledge and skills needed to critically evaluate and effectively use Al tools.
Participatory design methods that engage pharmacists, nurses, and patients as active partners in the development
process can help ensure that Al solutions are user-friendly, culturally appropriate, and meet real-world needs.
Implementation research is needed to identify effective strategies for integrating Al into MTM workflows and to
evaluate the impact of Al interventions on medication safety, efficiency, and patient outcomes. Governance
frameworks and ethical guidelines must be established to ensure the responsible and equitable use of Al in MTM,
addressing issues such as data privacy, algorithmic bias, and liability. Collaborative learning networks that bring
together diverse stakeholders can foster knowledge sharing and dissemination of best practices for Al in MTM.

At a policy level, investments in data infrastructure, interoperability standards, and workforce development are
needed to create an enabling environment for Al in healthcare. Regulatory frameworks must evolve to keep pace
with the rapid advancements in Al technology while ensuring patient safety and public trust. Professional
organizations and accrediting bodies should develop standards and competencies for the use of Al in MTM to guide
education, practice, and research.

6. Conclusion

This study provides valuable insights into pharmacists' and nurses' perspectives on the potential of Al to optimize
MTM in Saudi Arabian hospitals. While participants recognized the promise of Al for enhancing medication safety,
efficiency, and personalized care, they also anticipated challenges related to data privacy, the need for human
interaction, and the requirement for specialized training. The study findings highlight the importance of human-
centered design, transparency, and interprofessional collaboration in the future development and implementation of
Al solutions for MTM. Policymakers, healthcare leaders, and technology developers must work together to address
these socio-technical considerations and create an enabling environment for the safe, effective, and equitable use of
Al to improve medication-related outcomes. With thoughtful planning and stakeholder engagement, Al has the
potential to transform MTM practice and ultimately enhance the quality and safety of patient care.
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Tables

Table 1. Participant Characteristics (N=40)

Characteristic Pharmacists (n=20) | Nurses (n=20)
Age (years)

20-30 5 (25%) 7 (35%)
31-40 12 (60%) 10 (50%)
41-50 3 (15%) 3 (15%)
Gender

Male 9 (45%) 4 (20%)
Female 11 (55%) 16 (80%)
Hospital experience (years)

2-5 7 (35%) 6 (30%)
6-10 8 (40%) 11 (55%)
>10 5(25%) 3 (15%)
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Table 2. Additional Supporting Quotes

Theme

Pharmacists

Nurses

Perceived Benefits

Medication Safety

"Al algorithms could scan for potential
adverse drug events much faster than a
human ever could." (Pharmacist 17)

"Al monitoring systems could alert us if a
patient's lab values indicate they're at risk of
a medication complication." (Nurse 2)

Efficiency

"Al could automate the tedious task of
checking for drug interactions every time we
change a patient's regimen." (Pharmacist 8)

"An Al-powered system could streamline the
medication reconciliation process and flag
any discrepancies for us." (Nurse 19)

Personalized Care

"Al could help us move towards precision
dosing, tailoring medication regimens to each
patient's unique pharmacogenetic profile."
(Pharmacist 13)

"By analyzing all of a patient's data, Al
might pick up on subtle patterns that suggest
a certain medication would work best for
them." (Nurse 8)

Anticipated
Challenges

Data Privacy and
Security

"We need clear protocols for how patient data
is collected, stored, and used by Al systems to
ensure privacy." (Pharmacist 6)

"Patients will want assurances that their
personal health information is protected
when Al is involved." (Nurse 14)

Lack
Touch

of Human

"There's a risk that Al could make MTM feel
impersonal and reduce face-to-face time with
patients." (Pharmacist 1)

"We can't let Al tools completely replace
human interaction and shared decision-
making with patients." (Nurse 5)

Need
Specialized
Training

for

"Most pharmacists don't have formal training
in Al or informatics. We'll need education to
develop those competencies." (Pharmacist 11)

"l worry that if we don't receive proper
training, we won't be able to critically
appraise Al recommendations." (Nurse 16)

Future Directions

Workflow
Integration

"The AI needs to be integrated with our
existing electronic health record system to be
truly useful." (Pharmacist 19)

"Al solutions should fit seamlessly into our
current MTM processes and not create
additional steps." (Nurse 3)

Transparency and

Explainability

"l want to know what data sources and
algorithms are being used to generate Al
recommendations." (Pharmacist 7)

"The Al shouldn't be a mysterious black box.
We need clear explanations for its outputs."”
(Nurse 13)

Interprofessional
Collaboration

"Pharmacists, nurses, physicians, and IT
experts will all need to collaborate closely to
design effective Al tools." (Pharmacist 16)

"Getting input from all stakeholders will be
key to creating Al systems that actually meet
our needs on the front lines." (Nurse 10)
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