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Background: Healthcare systems worldwide are increasingly challenged by the rise in chronic diseases, aging populations, and the
growing demand for personalized care. Traditional models, where healthcare professionals operate independently with limited
interdisciplinary communication are proving insufficient to meet the complex and interconnected needs of modern patients.
Objective: This review explores the growing importance of innovative and multidisciplinary approaches in healthcare, with a specific
focus on the expanding role of pharmacists and the integration of digital tools. Unlike reviews that examine either multidisciplinary
care or digital health in isolation, this review integrates evidence on how pharmacists function as clinical and digital connectors within
multidisciplinary care models across diverse health systems.

Methods: This narrative review synthesized evidence on multidisciplinary care models that integrate pharmacists and digital tools.
PubMed, Scopus, and Google Scholar were searched (2015-March 2024) using terms related to multidisciplinary care, pharmacists/
clinical pharmacy, and digital health (e.g. EHRs, telehealth, AI, mHealth). English-language peer-reviewed studies describing
pharmacist integration in team-based and/or technology-enabled care were included; grey literature and non-peer-reviewed sources
were excluded.

Results: Across multiple care models, pharmacist integration in multidisciplinary teams was associated with improved chronic disease
indicators (eg, better blood pressure or glycaemic control), fewer medication-related problems, including reports of reduced medica-
tion errors (eg, ~45% reduction in rural telepharmacy settings), and reduced avoidable hospitalizations/readmissions in transition-of-
care settings. Digital innovations such as clinical decision support and telehealth platforms further enhanced coordination and
continuity of care, enabling timely medication optimization and follow-up. Case studies from the UK, Canada, Saudi Arabia,
Australia, India and South Africa selected LMICs illustrate context-adapted and scalable approaches.

Conclusion: When supported by enabling policy frameworks and robust digital infrastructure, multidisciplinary healthcare models
offer a powerful solution to many of today’s healthcare challenges. Empowering pharmacists, investing in interoperable technologies,

and reforming education and reimbursement structures are critical next steps toward resilient, patient-centered healthcare systems.

Plain Language Summary: This review explains how healthcare is changing to meet modern challenges such as chronic diseases
and rising patient expectations. It describes how different professionals doctors, pharmacists, nurses, and others—work together as
a team to improve care. The paper also shows how digital tools like electronic health records, telemedicine, and artificial intelligence
make communication faster and safer between patients and providers. Real examples from countries such as Saudi Arabia, the United
Kingdom, Canada, and Australia demonstrate how teamwork and technology help reduce medication errors, improve long-term
disease control, and make healthcare more efficient and patient-centred. Overall, the review suggests that supporting pharmacists and
using safe, connected digital systems can make care more coordinated and patient-centred across different health systems.
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Introduction

Healthcare systems worldwide are undergoing transformation, driven by demographic shifts, the rising burden of chronic non-
communicable diseases (NCDs), increasing demand for personalized care, and rapid technological progress. Traditional siloed
approaches, where professionals work independently, are no longer adequate. Patients with multimorbidity, polypharmacy, and
psychosocial needs require integrated care delivered by coordinated teams rather than fragmented, profession-specific pathways.

The World Health Organization (WHO) defines multidisciplinary care as coordinated, patient-centered services
provided by diverse professionals, each contributing distinct expertise (WHO, 2010)." Unlike interdisciplinary models,
which blur roles, multidisciplinary teams emphasize role distinction while working toward shared goals. Such models
improve outcomes in chronic disease management, oncology, geriatrics, and mental health (Reeves et al, 2017).”

Pharmacists exemplify this shift. Once mainly dispensers, they now play clinical roles in pharmacotherapy optimiza-
tion, safety, and education. Their integration in medication therapy management (MTM), outpatient clinics, and ward
rounds reduces errors, improves adherence, and enhances outcomes (Bond & Rachl, 2007).® In oncology, pharmacoge-
nomic data are used to tailor chemotherapy (Relling & Evans, 2015).* In community care, pharmacists support
adherence, chronic disease management, and patient education. Importantly, these expanded pharmacist roles increas-
ingly rely on digital health infrastructure—such as electronic prescribing, clinical decision support, and data-driven
medication management—positioning pharmacists at the intersection of clinical care and digital transformation.

Digital health tools such as electronic health records (EHRs), clinical decision support systems (CDSS), mobile health
(mHealth) apps, and telemedicine strengthen collaboration and continuity of care (Bates et al, 2018).> Pharmacists use Al-
driven systems for drug interaction alerts, dosing guidance, and population health monitoring, while telepharmacy extends
services to underserved populations. These developments align with global policy directions, including the WHO Global
Strategy on Digital Health (2020-2025), which emphasizes interoperable systems and digitally enabled multidisciplinary care.

Non-communicable diseases such as diabetes, hypertension, and cardiovascular disease remain leading contributors to
global morbidity and mortality, necessitating long-term, coordinated management. Within multidisciplinary teams,
pharmacists are particularly critical for managing polypharmacy, optimizing medication regimens, monitoring adherence,
and supporting patient self-management.®

The COVID pandemic highlighted the need for flexible, multidisciplinary systems. Lockdowns drove rapid adoption
of telemedicine, digital prescribing, and Al-based triaging. Pharmacists expanded roles in vaccination, counseling, and
supply chain management, underscoring their adaptability and importance during crises (Cadogan & Hughes, 2021).”

Despite growing evidence supporting multidisciplinary and digitally enabled care models, significant barriers remain.
Barriers include institutional inertia, siloed structures, poor interoperability of digital platforms, inadequate reimburse-
ment models, and professional hierarchies. Many education programs remain discipline-specific, limiting exposure to
interprofessional education (IPE) and digital health (IOM, 2015).8

Integration efforts vary worldwide. In the UK and Canada, pharmacists are embedded in primary care networks. In
Australia, digital tools such as MedAdvisor support adherence. Saudi Arabia’s Vision 2030 emphasizes pharmacist
empowerment and digital health reforms. Interprofessional education, where students from medicine, pharmacy, nursing,
and allied health train together, improves teamwork and role clarity (Institute of Medicine, 2015).® Pharmacists were
selected as the central focus of this review because their scope uniquely spans medication optimization, patient
education, and digital medication systems across community, primary, and hospital settings.

Despite increasing recognition of multidisciplinary care and rapid digitalization of health services, existing literature
often examines professional roles or digital tools in isolation, without a unified framework explaining how pharmacists
function within digitally enabled multidisciplinary care models across diverse health systems. This narrative review
addresses this gap by synthesizing global evidence on multidisciplinary and innovative approaches, with particular
emphasis on pharmacist integration and digital health. It examines conceptual foundations, practical models, global case
studies, and implementation challenges, aiming to inform resilient and patient-centered healthcare transformation.
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Methodology

Design and Rationale

This work adopts a narrative review framework rather than a systematic meta-analysis, appropriate for synthesising
diverse conceptual and policy literature. The approach follows the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) guidelines,” emphasising breadth and inter-
pretative synthesis over quantitative pooling. A narrative review approach was seclected because the literature on
multidisciplinary and digitally enabled care models is highly heterogeneous, encompassing policy documents, imple-
mentation studies, qualitative evaluations, and diverse health-system contexts. This variability precludes meaningful
quantitative synthesis or meta-analysis. A narrative framework was therefore considered most appropriate to integrate
conceptual, clinical, and policy-level evidence and to provide an interpretative synthesis of evolving practice models.

Data Sources and Search Strategy

Electronic databases—PubMed, Scopus, and Google Scholar—were searched between January 2015 and March 2024
using Boolean combinations of: “multidisciplinary healthcare” OR “interprofessional collaboration” AND “pharmacist”
OR “clinical pharmacy” AND “digital health” OR “telepharmacy” OR “artificial intelligence” OR “health informatics”.
Grey literature, conference abstracts, and non-peer-reviewed reports were excluded to maintain evidence quality. Manual
reference-tracking from key reviews supplemented the search. Relevance during title and abstract screening was defined
as explicit discussion of pharmacist roles within multidisciplinary or digitally enabled care models. Articles focusing
solely on drug formulation, laboratory pharmacology, or single-profession practice without team-based integration were
excluded. Review articles, implementation studies, and policy-relevant publications were prioritized to capture estab-
lished models and emerging system-level practices.

Eligibility Criteria

Inclusion criteria:

e Articles in English between 2015-2024;
e Described pharmacist participation in team-based or technology-enabled care;
e Reported outcomes, frameworks, or policy perspectives relevant to integration.

Exclusion criteria: editorials, opinion pieces without data, single-case reports, or studies centred solely on drug
formulation or non-clinical pharmacology.

Screening and Selection

Two reviewers independently screened titles and abstracts for relevance. Full texts meeting inclusion criteria were
analysed thematically. Discrepancies were resolved by consensus. A total of 96 articles were initially identified; 58 met
inclusion after full-text screening and were grouped into four analytic domains. Disagreements between reviewers were
resolved through discussion and consensus; formal inter-rater reliability statistics were not calculated due to the narrative
and interpretative nature of the review.

Data Extraction and Synthesis
Extracted variables included: country/region, healthcare setting, digital tools employed, pharmacist functions, interpro-
fessional team composition, and reported outcomes. Findings were summarised qualitatively under four domains:

1. Foundations of multidisciplinary collaboration;
2. Models of pharmacist integration;

3. Digital enablers and innovations;

4. Global and policy perspectives.
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The four analytical domains used in this review were developed inductively through iterative full-text review. Initial
coding focused on recurring themes related to team structure, professional roles, digital enablers, and system-level
context. These themes were progressively refined through comparison across studies and grouped into four overarching
domains by consensus among reviewers. Thematic synthesis followed an inductive approach, allowing concepts to
emerge from the literature rather than being imposed a priori.

Quality Considerations

Given the narrative nature, formal bias appraisal tools (eg, ROBIS or CASP) were not applied. However, data credibility
was ensured by sourcing from peer-reviewed journals indexed in PubMed or Scopus and by cross-referencing recent
systematic reviews. Limitations of this approach are discussed in Discussion. Formal quality appraisal tools (eg, ROBIS
or CASP) were not applied because the review aimed to map concepts, models, and policy-relevant practices rather than
to estimate effect sizes. To minimize bias, only peer-reviewed articles indexed in major databases were included, and
findings were triangulated across multiple study designs and settings.

For the purposes of this review, “global models” refer to multidisciplinary and digitally enabled care approaches
implemented across both high-income countries and low- and middle-income countries (LMICs), including examples
from Europe, North America, Asia, the Middle East, Africa, and Latin America. A PRISMA-ScR checklist and study
selection flow diagram are provided in Supplementary file 1 to enhance transparency of the review process.

The Need for Multidisciplinary Approaches

Healthcare today faces increasing complexity due to the rise of chronic non-communicable diseases (NCDs), fragmented
delivery systems, escalating costs, and rising patient expectations for holistic and personalized care. Traditional models
where professionals operate independently are insufficient to address these demands. In this context, multidisciplinary
approaches have emerged as a cornerstone for improving outcomes, enhancing safety, and delivering cost-effective care.

Definition and Principles
Multidisciplinary healthcare integrates structured collaboration among diverse professionals—including physicians,
pharmacists, nurses, dietitians, social workers, psychologists, and digital health specialists—who work together to
provide comprehensive patient management. Unlike interdisciplinary care, which often overlaps roles, multidisciplinary
models emphasize clear role distinctions coupled with active coordination and shared goals (Reeves et al, 2017).

The core principles guiding these models include:

e Patient-centeredness: prioritizing patient goals and preferences.

e Collaborative communication: fostering transparent, respectful, and consistent information exchange.
e Mutual respect: recognizing the unique expertise of each professional.

e Evidence-based decision-making: relying on guidelines, digital tools, and clinical evidence.

These principles help create cohesive care plans, ensuring that no dimension of patient care is overlooked.

Chronic Disease Burden and Team-Based Care Outcomes

Chronic non-communicable diseases such as diabetes, hypertension, heart failure, and chronic respiratory conditions
require long-term, coordinated management involving pharmacological and lifestyle interventions. Evidence consistently
shows that multidisciplinary team-based care improves clinical outcomes in these conditions. Meta-analyses and large
cohort studies report that pharmacist integration within care teams is associated with significant reductions in glycated
hemoglobin (HbAlc), improved blood pressure control, and enhanced medication adherence, alongside fewer medica-
tion-related problems and preventable hospital admissions. In heart failure and diabetes care, pharmacist participation has
also been linked to reductions in hospital readmissions, highlighting both clinical and economic benefits of coordinated
care models.'*'?While chronic disease management illustrates the measurable benefits of multidisciplinary

4 https: Journal of Multidisciplinary Healthcare 2026:19


https://www.dovepress.com/article/supplementary_file/576298/576298_Supplementary%20file%201.docx

Alshahrani et al

collaboration, similar principles are increasingly recognized as essential in mental health care, where transitions between
care settings pose substantial safety risks.

Mental Health and Transitions of Care

Mental health conditions frequently coexist with chronic physical illnesses, increasing treatment complexity and
vulnerability during transitions of care, such as hospital discharge or transfer between services. Pharmacists play
a critical role in psychiatric multidisciplinary teams by conducting medication reconciliation, identifying high-risk
drug interactions, monitoring therapies with narrow therapeutic indices (eg, lithium and clozapine), and supporting
adherence to long-term psychotropic regimens. In collaborative care and integrated mental health models, pharmacist
involvement during care transitions has been associated with improved medication continuity, reduced adverse drug
events, and enhanced coordination between primary care and specialist mental health services. These contributions are

particularly important in preventing relapse, rehospitalization, and medication-related harm.'>'?

Digital Enablers Beyond Electronic Health Records

Digital technologies substantially enhance multidisciplinary collaboration by enabling real-time communication, shared
decision-making, and proactive monitoring. Beyond electronic health records, wearable devices and remote monitoring
tools allow continuous tracking of physiological parameters such as blood glucose, blood pressure, and heart rhythm,
facilitating early multidisciplinary intervention. Digital therapeutics and mobile health applications support behavior
change, medication adherence, and symptom monitoring, while telehealth platforms enable pharmacists and other team
members to provide follow-up care to underserved or remote populations. Together, these tools extend multidisciplinary
care beyond traditional clinical settings and support timely, coordinated responses to patient needs.'®

Patient-Centeredness and Experience-Based Outcomes

Patient-centeredness in multidisciplinary care models is operationalized through structured processes that actively
involve patients in decision-making, communication, and care planning. Multidisciplinary teams achieve this by jointly
developing individualized care plans that incorporate patient goals, preferences, and social context, rather than relying
solely on disease-centered protocols.

Pharmacists contribute to patient-centered care by conducting medication reviews focused on patient understanding,
adherence barriers, and treatment burden, particularly in individuals with polypharmacy or chronic conditions. Shared medica-
tion decision-making—such as discussing therapeutic alternatives, dosing schedules, and potential adverse effects—enables
patients to participate meaningfully in their care.

Practical mechanisms also include coordinated follow-up across care settings, where pharmacists support transitions
of care through discharge counseling, medication reconciliation, and follow-up calls or teleconsultations. Digital tools
such as patient portals, mobile health applications, and remote monitoring platforms further support patient-centeredness
by facilitating bidirectional communication, timely feedback, and access to personalized health information.

Together, these practices move multidisciplinary care beyond parallel professional input toward a coordinated model

that prioritizes patient engagement, continuity, and shared responsibility for health outcomes.'”"'®

Challenges and Economic Implications of Multidisciplinary Care

Despite demonstrated benefits, multidisciplinary care is not without challenges. Coordination across multiple profes-
sionals can increase communication complexity, blur accountability, and demand additional time and organizational
resources. Without clear role delineation, teams may experience inefficiencies or professional friction. From an economic
perspective, poorly coordinated care contributes to avoidable hospital readmissions, duplicated services, and medication-
related harm, all of which impose significant costs on health systems. It is therefore important to distinguish multi-
disciplinary care—where professionals contribute distinct expertise within coordinated structures—from transdisciplinary
models, which involve deeper role integration and shared responsibilities. Successful implementation of multidisciplinary
care requires explicit governance, effective communication frameworks, and supportive digital infrastructure to balance
collaboration with efficiency.
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Models of Multidisciplinary Integration

The successful implementation of multidisciplinary healthcare requires structured models that integrate diverse profes-
sionals into coordinated workflows. These models vary across health systems but share the goal of improving outcomes,
enhancing patient safety, and reducing inefficiencies. Pharmacists are increasingly central to these designs, with digital
technologies serving as enablers. Multidisciplinary integration may occur through both formal mechanisms, such as
legally defined collaborative practice agreements, and informal team-based arrangements based on shared communica-
tion and co-location. Distinguishing between these models is essential for understanding differences in governance,
sustainability, and clinical authority.

Collaborative Models for Chronic Disease Management

Chronic conditions such as diabetes, hypertension, asthma, and heart failure require lifelong management. Traditional
models often fragment care between specialties, leading to duplication, medication errors, and poor adherence.
Collaborative models like the Patient-Centered Medical Home (PCMH) and Chronic Care Model (CCM) embed
pharmacists in primary care teams. Pharmacists provide services such as medication therapy management (MTM),
adherence counseling, and optimization of regimens.

The Asheville Project in the US demonstrated that pharmacist-led interventions in diabetes resulted in sustained
HbA ¢ reduction, improved lipid profiles, and lower healthcare costs (Cranor et al, 2003).'” Similarly, a meta-analysis
confirmed that pharmacist-led multidisciplinary interventions reduced systolic blood pressure significantly compared to
usual care (Mekonnen et al, 2020).%° These outcomes highlight the value of embedding pharmacists into chronic disease
management structures. Such models are more likely to be sustained in health systems where pharmacists’ clinical
services are formally reimbursed or integrated into value-based payment structures, underscoring the importance of
aligned funding mechanisms for long-term scalability.

Multidisciplinary Integration in Mental Health Care

Mental health care exemplifies the benefits of multidisciplinary integration. Psychiatric conditions frequently overlap
with physical illnesses, requiring holistic management. In the Collaborative Care Model (CoCM), a primary care
provider, behavioral health manager, and psychiatric consultant work together, often with pharmacist support.
Pharmacists contribute by monitoring therapeutic drug levels, preventing interactions, and ensuring adherence
(Uniitzer et al, 2012).%'

The Veterans Affairs system in the US introduced the Pharmacist-Led Mental Health Integration (PLMHI) model,
where pharmacists independently manage depression and anxiety under collaborative agreements. This approach
improved treatment response and patient satisfaction (Bingham et al, 2019).** Beyond the United States, pharmacist
involvement in mental health teams has been reported in Canada, the United Kingdom, and Australia, particularly in
medication reconciliation during psychiatric transitions of care, monitoring of psychotropic therapies, and coordination
between primary and specialist services.

Digital Enablers of Multidisciplinary Coordination

Technology strengthens integration by bridging gaps across geography and resources. Telepharmacy enables pharmacists
to conduct consultations, verify prescriptions, and provide counseling remotely. In rural Australia, telepharmacy reduced
medication errors by 45% in small hospitals (Hale et al, 2018).%

Artificial Intelligence (AI) also enhances multidisciplinary practice. IBM Watson, for example, provides oncologists
and pharmacists with treatment recommendations based on genetic data and guidelines. Its integration into tumor boards
has improved decision-making efficiency and consistency (Somashekhar et al, 2018).>* These digital systems facilitate
multidisciplinary coordination by enabling shared access to clinical information, real-time decision support, and
structured communication across professional boundaries, thereby reducing fragmentation and improving continuity of

care.
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Pharmacist-Led Clinics and Collaborative Practice Agreements
Pharmacist-led clinics are another model of integration, particularly in chronic disease and anticoagulation management.
Under Collaborative Practice Agreements (CPAs), pharmacists gain authority to adjust therapy, order labs, and manage
patient care within defined boundaries. US Veterans Affairs hospitals and Kaiser Permanente have widely adopted this
approach. In anticoagulation clinics, pharmacists using point-of-care INR testing optimize warfarin dosing, reducing
adverse events and improving outcomes (Witt et al, 2005).%>

Globally, similar initiatives are emerging. In Canada, the MedsCheck program authorizes pharmacists to conduct structured
medication reviews for chronic patients, reducing adverse drug events and improving adherence. In the UK, Clinical Pharmacists
in General Practice are now integral members of National Health Service (NHS) primary care networks. Despite their benefits,
pharmacist-led clinics can be resource-intensive, requiring advanced clinical training, access to diagnostic data, and sustained
institutional support. Effective leadership of such clinics typically necessitates postgraduate residency training, credentialing, or
formal certification, and their scalability is influenced by regulatory frameworks and reimbursement policies.

Multidisciplinary Rounds, Case Conferences and Global Models

In inpatient and specialized outpatient care, structured multidisciplinary rounds or case conferences bring together
physicians, pharmacists, nurses, dietitians, and other professionals. Pharmacists’ participation reduces preventable
adverse drug events by 66%, shortens hospital stays, and strengthens antimicrobial stewardship (Leape et al, 1999).%°
Digital dashboards and Al-generated summaries now enhance these meetings, making them more efficient and data-
driven. Comparable multidisciplinary models have been implemented across Asia, Sub-Saharan Africa, and Latin
America, often adapted to local workforce capacity and supported by digital tools such as telepharmacy and protocol-
driven care pathways. These examples demonstrate that pharmacist integration is feasible across diverse health-system
contexts, including low- and middle-income countries.

Innovations in Multidisciplinary Care
Recent innovations in digital health and clinical practice have accelerated multidisciplinary collaboration, enabling
pharmacists and other professionals to contribute more effectively to patient-centered, data-driven care.

Artificial Intelligence and Predictive Analytics

Artificial intelligence (AI) has advanced rapidly in healthcare, offering applications in predictive analytics, decision
support, and risk stratification. For multidisciplinary teams, Al acts as a cognitive augmentation tool, providing patient-
specific recommendations at the point of care.

Pharmacists use Al-driven systems to detect potential drug-drug interactions, identify patients at risk of adverse drug
events (ADEs), and optimize dosing strategies. For instance, machine learning models integrated into hospital EHRs can
predict conditions such as sepsis, enabling timely multidisciplinary interventions (Sendak et al, 2020).%” In oncology,
IBM Watson for Oncology has been used to suggest chemotherapeutic regimens aligned with guidelines and genomic
data, with pharmacists validating and refining recommendations (Somashekhar et al, 2018).%* These tools enhance safety,
consistency, and efficiency in care delivery. Artificial intelligence (Al)-enabled tools are increasingly embedded in
pharmacy and multidisciplinary practice to support medication optimization, risk stratification, and personalized care.
Recent post-2023 applications include Al-driven medication therapy management platforms, predictive analytics for
adverse drug events, and machine-learning models integrated into electronic prescribing systems to flag high-risk patients
in real time. In multidisciplinary settings, these tools assist pharmacists and physicians by synthesizing large datasets,
including laboratory values, comorbidities, and medication histories, to support consistent and timely clinical decisions.

Evidence from implementation studies suggests that Al-supported medication review and monitoring can reduce
medication errors and improve process efficiency, with some reports indicating improvements in patient satisfaction and
perceived quality of care when digital decision support is used as an adjunct to clinical judgment. However, overreliance
on Al poses risks, including algorithmic bias, limited explainability of recommendations, and potential erosion of
professional accountability. These concerns underscore the importance of maintaining human oversight and embedding
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Al within multidisciplinary governance structures. However, overreliance on Al poses risks, including algorithmic bias,
limited explainability of recommendations, automation bias, and potential erosion of professional accountability. These
concerns underscore the importance of maintaining human oversight, transparent algorithms, and multidisciplinary
governance structures to ensure ethical and safe Al deployment.

Pharmacogenomics and Personalized Therapy

The emergence of pharmacogenomics has shifted the paradigm from one-size-fits-all to personalized therapy. Genetic
variability significantly influences drug metabolism, efficacy, and risk of adverse effects. Pharmacists play a pivotal role
in interpreting pharmacogenomic data, recommending adjustments, and counseling patients.

For example, genetic testing for CYP2C9 and VKORC]1 variants informs individualized warfarin dosing, reducing risks of
bleeding and thromboembolism (Johnson et al, 2017).%® At institutions like St. Jude Children’s Research Hospital, pharmacist-
led pharmacogenomics programs integrate genotyping into EHRs, providing real-time clinical alerts for prescribers. These
programs have improved outcomes in oncology, infectious disease, and neurology (Caudle et al, 2014).>° Globally, initiatives
such as the UK’s 100,000 Genomes Project and emerging programs in Saudi Arabia and the UAE highlight the growing role of
pharmacists in implementing genomic medicine.

Health Informatics and Decision Support

Health informatics platforms underpin effective multidisciplinary care by enabling seamless communication and data
sharing. Modern EHRs provide shared medication lists, lab results, immunization histories, and documentation of
pharmacist interventions. Embedded CDSS modules generate alerts for duplicate therapy, renal dosing adjustments, or
high-risk prescribing, helping pharmacists intervene effectively.

Clinical dashboards further support team-based care by providing real-time visualization of patient progress, risk scores,
and adherence data. For example, digital prescribing tools reduce medication errors by validating orders before they are
dispensed (Campbell et al, 2006).'® In Saudi Arabia, platforms such as Wasfaty and Nafis integrate prescription data and
pharmacist interventions at the national level, creating opportunities for population health monitoring and team collaboration.

Despite these advances, technological barriers remain significant. Many health information systems operate on
proprietary architectures with limited application programming interfaces (APIs), restricting interoperability and real-
time data exchange across institutions. System fragmentation and poor data portability hinder continuity of care when
patients transition between settings, reinforcing digital silos rather than enabling true multidisciplinary integration.

Mobile Health Applications (mHealth)

Mobile health (mHealth) technologies empower patients while strengthening connections with care teams. Apps such as
Medisafe, MyTherapy, and Sehhaty provide personalized medication reminders, interaction alerts, and adherence
tracking. Pharmacists can monitor patient adherence remotely, provide feedback, and deliver counseling through app-
linked portals.

Evidence supports the effectiveness of these interventions. A randomized controlled trial found that a pharmacist-
supported mHealth app improved blood pressure control and adherence among hypertensive patients (Santo et al, 2019).>°
Importantly, mHealth also facilitates integration of patient-generated data such as glucose levels or ECG recordings into
team workflows, allowing coordinated adjustments in therapy by physicians, dietitians, and pharmacists.

However, patient engagement with mHealth platforms is influenced by trust in digital systems. Concerns related to data
privacy, cybersecurity breaches, and secondary use of personal health information may reduce uptake, particularly among
older adults and individuals managing chronic or mental health conditions. Clear communication, informed consent, and
visible data protection measures are therefore essential to sustain patient confidence in digitally enabled multidisciplinary care.

Virtual and Augmented Reality in Training

Innovations also extend to workforce development. Virtual reality (VR) and augmented reality (AR) platforms provide
immersive environments for interprofessional education (IPE). These simulations allow pharmacy, medical, and nursing
students to train together, practicing collaborative protocols in scenarios such as managing anaphylaxis or cardiac arrest.
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Research demonstrates that VR-based IPE enhances teamwork skills, protocol adherence, and understanding of profes-
sional roles (Gaba et al, 2014).*! By fostering role clarity and communication, VR/AR prepares healthcare graduates for
real-world multidisciplinary environments.

Challenges in Implementation

While the benefits of multidisciplinary and innovative healthcare are well established, implementation is often hindered
by systemic, professional, technological, and cultural barriers. These challenges must be addressed to realize the full
potential of integrated models.

Organizational and Structural Barriers

Fragmentation remains a major obstacle. Many health systems are structured around specialty silos, limiting commu-
nication and coordination. For instance, hospital pharmacists may lack access to outpatient records, while community
pharmacists may remain unaware of recent inpatient decisions. Incomplete referral pathways and weak administrative
support undermine continuity of care (Bates et al, 2014).>? Additionally, institutional policies and evaluation metrics
often remain discipline-specific, discouraging collaborative practice.

Professional Resistance and Role Ambiguity

Traditional hierarchies can impede integration. Physician-centered models sometimes restrict pharmacists’ contributions,
while unclear scopes of practice may leave pharmacists underutilized. Van Cott et al 2016,>* found that pharmacists in
hospitals with poorly defined roles contributed less to therapeutic optimization, even when their expertise was recog-
nized. Building mutual trust and fostering interprofessional education are essential for overcoming this resistance.

Reimbursement and Policy Limitations

Another barrier is the lack of reimbursement for pharmacy-led clinical services. In many countries, pharmacists are
compensated for dispensing but not for activities such as medication therapy management, counseling, or chronic disease
monitoring. This discourages health systems from adopting pharmacist-integrated models, even when evidence shows
cost savings through reduced hospitalizations (Wiedenmayer et al, 2006).** Policy reforms are required to support
payment for clinical contributions and collaborative practice agreements.

Technological Challenges and Digital Inequities

Digital platforms underpin modern multidisciplinary care, but technical limitations persist. EHR systems are often non-
interoperable, making it difficult for providers to share data across institutions. Cybersecurity and data privacy concerns
add further barriers, particularly in international data exchange. At the provider level, digital literacy gaps remain.
A survey in the Gulf region found that 37% of pharmacists felt inadequately trained in digital tools, and 42% found
existing systems not user-friendly (Almazrou et al, 2020).*> Without interoperable architectures, standardized data
formats, and secure data-sharing governance, digital innovation risks increasing workload and fragmentation rather

than supporting integrated multidisciplinary workflows.*®

Educational Gaps and Workforce Readiness

Healthcare education continues to lag behind practice needs. Many pharmacy curricula remain focused on pharmacology
and dispensing, with limited exposure to interprofessional communication, digital health, or clinical informatics. A 2021
FIP global survey found that only 35% of pharmacy programs offered substantial training in informatics or interprofes-
sional education (FIP, 2021).>” This gap reduces workforce readiness for team-based care and must be addressed through
curriculum reform.

Cultural and Patient-Level Barriers
Patient perceptions also influence the success of multidisciplinary models. In many settings, pharmacists are still viewed
primarily as dispensers, which can limit engagement in clinical services. Patients may also feel overwhelmed by contact
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with multiple providers, leading to confusion or reduced adherence. Concerns over data privacy and cultural resistance to
digital tools may further reduce uptake. Addressing patient concerns requires transparent communication about digital risks
and benefits, reassurance regarding confidentiality, and shared decision-making to ensure that technology enhances—rather
than replaces—human care relationships.

Global Perspectives and Case Studies

Multidisciplinary and innovative healthcare approaches are not uniform; they reflect the policy environments, resources,
and cultural contexts of different countries. Examining international experiences highlights both the adaptability of these
models and the universal role of pharmacists and digital tools in their success. Importantly, meaningful pharmacist
integration is observed across both high-income countries (HICs) and low- and middle-income countries (LMICs), albeit
through context-specific pathways shaped by regulation, workforce capacity, and available technology.

United Kingdom: Pharmacists in Primary Care
The United Kingdom (UK) has pioneered pharmacist integration within primary care. As part of the NHS Long Term
Plan, the Clinical Pharmacists in General Practice program was launched to support general practitioners (GPs), optimize
medication use, and manage chronic diseases (NHS England, 2019).%® Pharmacists in primary care networks (PCNs) now
conduct structured medication reviews, reconcile medicines post-discharge, and manage long-term conditions.
Evaluations by the King’s Fund found that these pharmacists reduced GP workload, improved patient safety, and increased
satisfaction (The King’s Fund, 2020).>° The model’s success has been facilitated by shared EHR systems, allowing pharmacists
seamless access to patient data. This demonstrates how structural reforms and digital platforms can normalize multidisciplinary
practice. However, implementation has required sustained national funding, standardized training pathways, and integration
within centralized NHS governance structures, which may limit direct transferability to more fragmented health systems.

Canada: Pharmacist-Led Chronic Disease Programs
Canada has developed strong pharmacist-led initiatives. Ontario’s MedsCheck Program enables pharmacists to conduct
comprehensive reviews for patients on chronic medications. These reviews identify drug-related problems, optimize
regimens, and improve adherence (Ontario MOH, 2022).%°

Another example is Alberta’s RxOUTMAP program, where pharmacists manage conditions such as diabetes and
hypertension under collaborative agreements. A randomized trial by Tsuyuki et al 2015,*' showed that pharmacist-led
hypertension management improved blood pressure significantly, with 70% of patients reaching target values versus 30%
under standard care. Integration is supported by Alberta Netcare, a province-wide EHR, ensuring coordinated commu-
nication across providers. Despite positive outcomes, variation in provincial reimbursement policies and scope-of-
practice regulations influences the consistency and scalability of pharmacist-led models across Canada.

Saudi Arabia: Digital Health and Vision 2030

Saudi Arabia’s Vision 2030 reform agenda emphasizes digital transformation and workforce expansion, including
pharmacist empowerment. National platforms such as Sehhaty, Mawid, and Wasfaty allow patients to access lab results,
book appointments, and manage prescriptions digitally. Pharmacists use Wasfaty to monitor adherence, document
interventions, and improve continuity of care.

Clinical pharmacists are increasingly integrated into chronic disease clinics and antimicrobial stewardship programs.
Alruthia et al 2020,* reported that pharmacy graduates in Saudi Arabia anticipate expanded roles in line with Vision
2030 reforms. Telepharmacy is also being implemented in rural areas, ensuring equitable access to pharmaceutical care.
Saudi Arabia represents a transitional context, illustrating how middle-income countries can leverage national digital
platforms and policy reform to accelerate multidisciplinary integration at scale.

Australia: Community Pharmacy and Technology Integration
Australia’s Community Pharmacy Agreements provide government support for pharmacy-led services such as home
medicines reviews (HMRs), smoking cessation, and chronic disease follow-up. The integration of digital platforms such
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as GuildCare and MedAdvisor enhances collaboration by enabling pharmacists to monitor adherence, send reminders,
and share data with prescribers (Australian Government, 2020).%

Taylor et al 2020,* demonstrated that pharmacist-led models improved chronic disease outcomes in Indigenous
populations, particularly through culturally adapted education and follow-up. Telehealth further extends access in rural
and underserved areas, highlighting the scalability of multidisciplinary models in diverse contexts. Community engage-
ment, culturally sensitive communication, and trust-building within Indigenous health services have been critical

facilitators of pharmacist integration in these settings.

United States: Collaborative Practice Agreements
The US healthcare system, while fragmented, has implemented Collaborative Practice Agreements (CPAs) to expand
pharmacists’ roles. Under CPAs, pharmacists can initiate or adjust therapies, order labs, and provide disease manage-
ment. In Veterans Affairs (VA) hospitals and Kaiser Permanente networks, pharmacists independently manage conditions
such as hypertension, anticoagulation, and HIV.

A VA study reported that pharmacist-led anticoagulation clinics achieved therapeutic INR levels in over 70% of
patients, reducing stroke and bleeding risks (Carter et al, 2006).* Integration is supported by advanced informatics
platforms such as Epic and Cerner, which enable real-time communication and clinical decision support across teams.

Low- and Middle-Income Countries (LMICs)

In LMICs, resource constraints necessitate creative adaptations. In South Africa, community health workers, nurses, and
pharmacists collaborate in antiretroviral therapy (ART) programs. Decentralized pharmacy pick-up points, mobile adher-
ence apps, and community-based counseling have improved retention and viral suppression rates (Fox et al, 2018).

In India, pilot projects have trained pharmacists in NCD screening and monitoring. Combined with telemedicine and
mobile data collection, these programs improved diagnosis and treatment initiation in underserved populations
(Mahapatra et al, 2020).*’ Similar adaptations have been reported in parts of Latin America, including Brazil and
Chile, where pharmacists support chronic disease management and public health initiatives through protocol-driven care
and digital reporting systems within resource-constrained environments. While scalability remains a challenge, these
cases show that pharmacist-led, digitally supported models are adaptable even in low-resource settings.

Across countries, several common lessons emerge:

e Policy support is crucial: Pharmacist integration thrives when supported by legislation and reimbursement.

e Digital platforms enable continuity: Shared records and mobile tools are essential for communication and
monitoring.

e Cultural adaptation enhances success: Tailoring interventions to local contexts, such as Indigenous health in
Australia or ART in South Africa, increases effectiveness.

e Scalability depends on resources: While high-income countries can implement advanced informatics, LMICs
demonstrate that low-cost, technology-enabled solutions can also be impactful.

Comparative Synthesis and Lessons Learned

Across countries, several common lessons emerge. Policy and regulatory support are critical for legitimizing pharma-
cists’ clinical roles and enabling reimbursement. Digital platforms—whether advanced national EHRs in HICs or mobile-
based tools in LMICs—consistently enhance continuity and coordination of care. Cultural adaptation, community
engagement, and trust-building emerge as key facilitators of success, particularly in Indigenous and community-based
models. Finally, while HICs benefit from advanced informatics and stable funding, LMICs demonstrate that low-cost,
digitally supported pharmacist integration can achieve meaningful impact when aligned with local needs and workforce
capacity. Table 1 provides a consolidated summary of the multidisciplinary and digitally enabled care models identified

in this review, organized according to the four analytical domains.
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Table | Summary of Multidisciplinary and Digitally Enabled Care Models Across the Four Analytical Domains

Analytical Care Model/Intervention Country/ Pharmacist Role Digital Key Outcomes
Domain Setting Component

Multidisciplinary Patient-Centered Medical Home (PCMH), USA, Canada | MTM, adherence counseling, chronic | EHR, CDSS | HbAlc, | systolic BP,
Integration Chronic Care Model (CCM) disease monitoring 1 adherence
Multidisciplinary Primary Care Networks UK Structured medication reviews, post- | Shared EHR | medication errors,
Integration discharge reconciliation 1 patient safety

Digital Telepharmacy services Australia, Remote prescription review, Telehealth | medication errors
Innovation Saudi Arabia | counseling platforms (~45%), 1 access
Digital Al-enabled decision support USA, UK ADE detection, dosing optimization Al, predictive | | adverse drug events,
Innovation analytics 1 efficiency

Global Models Community-based NCD programs India, South Screening, monitoring, patient mHealth, 1 diagnosis,

(LMICs) Africa education telemedicine 1 treatment initiation
Implementation Pharmacist-led clinics under CPAs USA Therapy adjustment, lab ordering EHR, CDSS 1 target attainment,
Challenges | hospitalizations

Abbreviations: MTM, Medication Therapy Management; CDSS, Clinical Decision Support System; ADE, Adverse Drug Event.

Discussion

Multidisciplinary Integration and Clinical Impact

This narrative review synthesised recent global evidence underscoring the pharmacist’s expanding role in multidisci-
plinary, technology-enabled healthcare. Across diverse systems, pharmacist-integrated models consistently improve
medication safety, chronic-disease control, and patient satisfaction. Their inclusion translates pharmacological expertise
into collaborative decision-making that bridges diagnostic, behavioural, and technological dimensions of care.*® Unlike
prior reviews that examined pharmacist services in isolation, this review integrates multidisciplinary structures with
digital transformation, offering a more holistic understanding of how pharmacists function within complex care
ecosystems. While these benefits are consistently observed across settings, their magnitude and sustainability remain
context-specific, influenced by regulatory frameworks, workforce capacity, and digital infrastructure.

Digital Transformation and Emerging Evidence

Compared with earlier literature that focused primarily on clinical outcomes,” recent studies (2020-2024) reveal how digital
infrastructure amplifies pharmacists’ impact. Electronic prescribing, interoperable records, and Al-supported decision systems
elevate visibility and efficiency.*’ For instance, pharmacists embedded in digitally connected teams intervene earlier on
potential drug—drug interactions and ensure continuous adherence monitoring through telehealth platforms.® These findings
align with recent narrative reviews and meta-analyses reporting improved medication safety and workflow efficiency through
digital integration, while also highlighting emerging concerns such as technology fatigue, alert overload, and variable system
usability. Such limitations underscore that digital tools must augment—rather than burden—multidisciplinary practice.

Global Variation, Policy, and Implementation Gaps

The discussion also exposes variation in implementation. In high-income countries, structural enablers—Ilegislation,
reimbursement for cognitive services, and integrated informatics—support pharmacist autonomy.’' Conversely, in low-
and middle-income contexts, resource limitations hinder data access and interprofessional coordination.? Nonetheless,
community-based telepharmacy initiatives in India, South Africa, and Saudi Arabia demonstrate that scalable, low-cost
digital solutions can compensate for infrastructure gaps.> Persistent gaps remain regarding optimal scope of pharmacist
authority, reimbursement mechanisms, and the extent to which digital tools can substitute for workforce shortages. These
findings suggest that policy reforms must be explicitly aligned with practice-level realities, particularly in LMICs, to
ensure that multidisciplinary integration translates into equitable and sustainable health gains.
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Education, Ethics, and Workforce Readiness

From an educational standpoint, interprofessional education (IPE) remains pivotal. Studies show that students
trained through simulation-based multidisciplinary exercises demonstrate improved teamwork scores and clearer
role perception.’* Embedding IPE across curricula thus ensures workforce readiness for integrated digital care.
Institutions such as St. Jude Children’s Research Hospital, the University of Toronto, and several Australian
universities have implemented structured interprofessional and digital health training pathways, illustrating how
curricular reform can support future-ready multidisciplinary practice. The increasing reliance on Al in pharmacist-
led decision-making also raises ethical considerations, including accountability for automated recommendations,
transparency of algorithms, and the risk of bias affecting vulnerable populations. Addressing these concerns
requires ethical governance frameworks and continued emphasis on professional judgment within multidisciplin-

ary teams.

Toward a Unifying Framework for Multidisciplinary Digital Care
Collectively, the findings support a theory of change in which pharmacist integration acts as a central mechanism linking
multidisciplinary collaboration, digital enablement, and patient-centered outcomes. Policy support and education reform
function as enabling inputs, digital tools serve as amplifiers, and coordinated team-based practice produces sustained
improvements in safety, efficiency, and care quality.

Overall, pharmacists emerge as both clinical and digital connectors within the evolving care ecosystem. Their success
depends on policies recognising their clinical authority, technological literacy, and capacity to interpret complex

pharmacogenomic and real-world data.

Limitations

This review employed a narrative rather than systematic methodology. Although guided by PRISMA-ScR principles,
the absence of quantitative meta-analysis limits generalisability. A systematic review was not considered feasible
due to the conceptual heterogeneity of multidisciplinary care models, wide variation in study designs, outcome
measures, and contextual implementation settings, which precluded meaningful quantitative synthesis. Potential
publication bias may overrepresent studies reporting positive pharmacist or digital-health outcomes.>® In addition,
selection bias may have arisen from preferential inclusion of studies describing successful or well-resourced
implementation models. The review was limited to English-language peer-reviewed publications, which may have
excluded relevant models reported in other languages or regional sources. Future reviews could address these
limitations by incorporating multilingual searches, inclusion of grey literature, standardized outcome frameworks,
and mixed-methods synthesis approaches. Finally, heterogeneous outcome measures across studies prevented pooled
effect estimation. Despite these limitations, triangulation across multiple data sources supports confidence in the

main conclusions.

Future Directions
To institutionalise pharmacist-centred multidisciplinary care, future efforts should prioritise the following:

1. Policy and Regulation: Governments must codify pharmacists’ prescribing and monitoring authority through
collaborative-practice legislation and reimbursement frameworks.”®

2. Digital Infrastructure: Investment in interoperable EHRs, Al-driven analytics, and secure telehealth platforms will
enable real-time collaboration and equitable access.’”>®

3. Benchmarking Initatitives: Establishing global benchmarking initiatives to track digital pharmacy transformation
would allow comparison of implementation maturity, outcomes, and workforce integration across countries.

4. Education and Competency Building: Pharmacy curricula should embed interprofessional and informatics compe-

tencies, including data analytics, pharmacogenomics, and virtual-simulation training.®
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5. Research and Evaluation: Multi-country comparative studies are needed to quantify the economic and clinical
return on pharmacist-integrated digital models.>® Future research should adopt standardized outcome metrics—
such as medication safety indicators, readmission rates, and patient-reported outcomes—and consider the devel-
opment of international registries to systematically capture pharmacist-led interventions and their impact.

6. Patient Engagement and Equity: Programs must promote patient literacy in digital-health tools and prioritise
inclusion of rural, elderly, and socio-economically disadvantaged populations.®

Conclusion

The growing complexity of modern healthcare demands a shift away from siloed practice toward multidisciplinary,
digitally enabled models of care. Multidisciplinary approaches, where professionals contribute distinct expertise in
coordinated teams offer a pathway to better outcomes, enhanced safety, and more sustainable healthcare systems. At
the center of these models is the evolving role of pharmacists. Once limited to dispensing, pharmacists now contribute to
chronic disease management, medication safety, pharmacogenomics, and patient education. When integrated into multi-
disciplinary teams, pharmacists reduce medication errors, improve adherence and chronic-disease control, support safer
transitions of care, and enhance patient engagement. Simultaneously, digital health innovations such as EHRs, decision
support systems, telemedicine, and mobile health applications have become indispensable enablers of collaboration.
These tools foster continuity, reduce duplication, and empower both providers and patients. Emerging technologies,
including artificial intelligence and virtual reality, further enhance decision-making and workforce readiness.

Despite the clear benefits, challenges remain. Structural fragmentation, professional hierarchies, insufficient reimbur-
sement, digital inequities, and educational gaps hinder widespread adoption. Addressing these barriers requires systemic
reforms in policy, infrastructure, and workforce training.

Global experiences from pharmacist integration in UK primary care to digital platforms in Saudi Arabia and
pharmacist-led hypertension programs in Canada—demonstrate that multidisciplinary models can be tailored to diverse
settings, including resource-limited environments.

In summary, this review highlights four interconnected domains—multidisciplinary integration, digital innovation,
implementation challenges, and global contextual adaptation—that together define the future of pharmacist-led colla-
borative care. Advancing this agenda will require:

Institutionalising team-based practice models,
e Expanding pharmacists’ clinical scope through supportive policy,

Strengthening interoperable digital infrastructure,

Embedding interprofessional and digital competencies across health professions education.

By aligning policy, practice, technology, and education, healthcare systems can evolve toward more resilient, equitable,
and patient-centered care models capable of meeting 21st-century health challenges.
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