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Introduction
Persistent medical conditions constitute a paramount 
concern for global health systems, accounting for a 
disproportionate share of healthcare resources and 
contributing substantially to population disease burden. 
Hacker projects that worldwide expenditures related to 
chronic illness will reach an astounding $47 trillion by 
2030,1 while within American borders, approximately 90% 
of the $4.9 trillion spent annually on healthcare addresses 
chronic and behavioral health disorders.2 This enormous 
financial strain, coupled with dwindling numbers of 
primary care practitioners and an increasingly elderly 
population with multifaceted medical requirements, 
demands novel strategies for delivering healthcare 
services. A particularly promising approach involves 
deeper incorporation of pharmacists into frontline care 
delivery, capitalizing on their sophisticated training in 

medication science, disease management protocols, and 
patient education to fill crucial voids in the healthcare 
infrastructure.

The metamorphosis of pharmacy from a predominantly 
product-dispensing occupation to one centered on 
holistic patient care has been facilitated through 
collaborative practice agreements (CPAs). These legal 
mechanisms authorize pharmacists to function alongside 
physicians in delivering designated patient care activities, 
encompassing medication regimen modifications, 
laboratory test ordering, and implementation of 
individualized lifestyle interventions.3 Sachdev and 
Goodlet outline four distinct frameworks for pharmacist 
prescriptive privileges across the United States, spanning 
from patient-centered collaborative prescribing via CPAs 
to class-based prescribing authority, with substantial 
interstate variation.4 The fragmented regulatory landscape 
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Abstract
Modern healthcare demands 
warrant the reconceptualization 
of pharmaceutical practitioners 
as primary caregivers capable 
of addressing contemporary 
medical challenges. Their 
specialized knowledge in 
molecular therapeutics, 
computational medicine tools, 
and physiological surveillance 
technologies uniquely qualifies 
them to oversee complicated 
treatment protocols for cutting-
edge interventions, including genomic modifications and targeted biological agents. Historical 
success in managing long-term metabolic and cardiovascular conditions establishes credibility 
for supervising precision medicine applications. Digital innovations (e.g., remote consultation 
systems, algorithmic forecasting, and distributed ledger prescription tracking) enhance their 
capacity to coordinate fragmented services while responding to infectious outbreaks and 
polypharmacy challenges in elderly populations. This evolution promises decreased emergency 
admissions, improved therapeutic compliance, and more cost-effective care delivery. Regulatory 
reform must eliminate practice limitations, enabling these accessible professionals to address 
population health requirements fully.
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in the United States seems to create significant barriers to 
uniform pharmacist practice advancement, contrasting 
sharply with more cohesive international models. 
While the four-tiered framework highlights progressive 
expansion of pharmacist autonomy, the state-by-state 
variation necessitates complex navigation of jurisdiction-
specific regulations that can impede consistent care 
delivery and inter-state practice mobility. This stands 
in stark contrast to countries like the United Kingdom, 
where pharmacist independent prescribers possess full 
prescriptive authority following standardized national 
training and credentialing, enabling them to prescribe 
any medication within their competence area without 
collaborative agreements or physician co-signatures. The 
UK model, established through the Health and Social Care 
Act, eliminates many administrative barriers inherent 
in the CPA framework, allowing for more streamlined 
care delivery. These international differences highlight 
how regulatory infrastructure, rather than pharmacist 
capability, often determines the scope of advanced practice, 
with US pharmacists facing persistent legislative hurdles 
despite demonstrated clinical competency and positive 
patient outcomes in states with expanded authority. This 
heterogeneity mirrors the continuing transformation of 
pharmaceutical practice and the profession's trajectory 
toward achieving formal healthcare provider designation. 
This mini review highlights the key roles of pharmacists 
in primary care management intertwined with emerging 
technologies. 

The scientific foundation validating pharmacist-directed 
chronic condition oversight is substantial and expanding 
continuously. Newman et al performed an umbrella review 
examining community pharmacist-initiated programs 
and discovered that pharmacists successfully enhanced 
clinical parameters across numerous persistent diseases, 
encompassing glucose metabolism disorders, lipid 
abnormalities, cardiovascular pathology, and pulmonary 
conditions.5 Similarly, an exhaustive systematic analysis 
by Greer et al commissioned by the Department of 
Veterans Affairs determined that pharmacist-directed 
chronic disease oversight yielded outcomes comparable to 
conventional care regarding resource consumption while 
potentially advancing physiologic target achievement.6 
Rahayu and colleagues underscored that incorporating 
pharmacists into interprofessional healthcare units 
has demonstrated capacity to facilitate primary care 
accessibility and elevate patient outcomes across multiple 
care delivery dimensions.7

Within diabetes care, pharmacist contributions prove 
especially remarkable. Norton et al established that 
average hemoglobin A1c reductions reached 1.75% in 
collaborative pharmacist-physician models versus merely 
0.16% in standard care cohorts across twelve months, 
representing a therapeutically meaningful difference in 
glucose regulation.8 McCarthy and Van documented 

comparably impressive findings in a Federally Qualified 
Health Center environment, where pharmacists possessing 
prescriptive authority attained statistically significant 
improvements including a 2.1% A1c decrease for type 2 
diabetes patients.9 Additionally, Wagner et al found that 
individuals receiving pharmacist care demonstrated three 
to five-fold greater likelihood of achieving comprehensive 
diabetes quality benchmarks compared to those obtaining 
standard care.10 It has been shown that 52.84% of patients 
with inadequately controlled diabetes reached A1c 
concentrations below 9% following pharmacist-delivered 
medication therapy management in community health 
facilities, illustrating the scalability of these interventions 
across heterogeneous practice locations.11

Blood pressure control represents another domain 
where pharmacists have exhibited equivalent or superior 
results to conventional care paradigms. In a meta-
analysis, Santschi and colleagues analyzed data from 
randomized controlled trials encompassing over 14,000 
subjects and found that interventions led by pharmacists 
were associated with substantial decreases in both 
systolic and diastolic blood pressure levels.12 Through a 
randomized pragmatic investigation, it has been shown 
that pharmacist-physician collaborative medication 
management proved more efficacious in reducing blood 
pressure at both six and nine months relative to usual 
care.13 McCarthy and Van further substantiated these 
conclusions with data revealing a 29.7 mmHg systolic 
blood pressure decline among hypertensive individuals 
managed by pharmacists with prescriptive authorization.9 
The uniformity of these observations across multiple 
investigations and environments furnishes persuasive 
validation for pharmacist participation in hypertension 
oversight.

Cardiovascular risk factor management in diabetic 
populations has similarly benefited from pharmacist 
involvement. In a 2012 systematic review and meta-
analysis, Santschi  et al demonstrated that pharmaceutical 
care interventions were associated with meaningful 
reductions in systolic blood pressure, total cholesterol 
levels, and LDL cholesterol concentrations in patients 
with diabetes.14 These concurrent improvements across 
multiple cardiovascular risk elements underscore the 
comprehensive character of pharmacist-directed care and 
its capacity to address the intricate, multidimensional 
requirements of patients with persistent conditions. Such 
multifaceted interventions prove particularly valuable 
considering that one in three adults globally manages 
multiple chronic conditions, which exponentially amplifies 
treatment complexity and healthcare expenditures.

In pulmonary disease oversight, particularly asthma, 
pharmacists have exhibited extraordinary capability 
to enhance clinical parameters and diminish disease 
exacerbations. In their 2021 meta-analytic study, 
Bridgeman and Wilken examined various interventions 
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led by pharmacy professionals and found substantial 
decreases in acute exacerbation frequencies across asthma 
and COPD patient populations. These positive outcomes 
were observed when pharmaceutical care initiatives 
included hands-on instruction of proper inhalation 
methods along with practice sessions using dummy 
inhaler devices.15 These interventions additionally 
reduced rescue medication utilization and improved both 
inhaler technique and treatment compliance. Armour 
et al performed a systematic review confirming that 
pharmacists exert positive influence on various clinical 
asthma outcomes, including symptom management and 
prevention of future exacerbations.16 García-Cárdenas 
et al demonstrated through a cluster randomized trial 
that pharmacist interventions emphasizing appropriate 
medication utilization and tailored to patients' current 
asthma control status significantly enhanced asthma 
control scores, particularly among patients with 
insufficiently controlled asthma at baseline.17

The evidence validating expanded pharmacist roles 
extends beyond clinical parameters to encompass 
broader healthcare system advantages. The American 
College of Managed Care Pharmacy position statement 
emphasizes that when pharmacists receive recognition 
as provider members of the healthcare team, patient 
outcomes improve, patients report elevated satisfaction 
rates, and overall healthcare costs diminish.2 A systematic 
review by Marupuru and colleagues examined how 
pharmacist-delivered medication therapy management 
affected health outcomes in individuals diagnosed with 
diabetes, high blood pressure, or elevated cholesterol 
levels, revealing meaningful statistical enhancements 
in patient health measures for each of the three medical 
conditions studied.18 These findings support the economic 
justification for integrating pharmacists into primary care 
teams, as improved disease control can lead to reduced 
hospitalizations, emergency department visits, and long-
term complications.

The movement toward formal provider status 
recognition for pharmacists represents the natural 
progression of this evidence base. Cernasev et al discuss 
the evolution from collaborative practice agreements 
toward comprehensive provider status, noting that 
such recognition would enable pharmacists to receive 
reimbursement under Medicare Part B for delivering 
essential healthcare services to patients.19 This policy 
modification would not only acknowledge the clinical 
contributions pharmacists make but also ensure the 
sustainability and scalability of pharmacist-led services 
across diverse healthcare settings. Since nearly nine out 
of ten American citizens live in close proximity to a local 
drugstore, granting pharmacy professionals enhanced 
medication-ordering powers and acknowledging them 
as healthcare practitioners would substantially boost 
the availability of basic medical care, especially for 

populations with limited medical support.
Digital innovations are reshaping the landscape of 

pharmacy practice, creating pathways for pharmacists to 
extend their clinical influence far beyond conventional 
practice boundaries. Virtual care delivery platforms have 
proven particularly valuable in bridging geographical 
barriers that traditionally limited access to pharmaceutical 
expertise. In this line, artificial intelligence (AI)-assisted 
pharmacogenomics has emerged as a particularly 
promising application, enabling personalized medicine 
implementation at unprecedented scale. These systems 
analyze patients' genetic profiles alongside clinical data 
to predict individual responses to specific medications, 
empowering pharmacists to make evidence-based 
recommendations for drug selection and dosing 
optimization.20,21 Recent implementation studies have 
shown that pharmacist-driven pharmacogenomic 
services, supported by AI algorithms, substantially 
improved therapeutic outcomes in cardiovascular disease 
management,22 and reduced trial-and-error prescribing in 
mental health treatment significantly.23,24 This technology 
democratizes precision medicine, making sophisticated 
genetic-based treatment optimization accessible in 
community pharmacy settings rather than limiting it to 
specialized academic centers.

Algorithmic forecasting and predictive analytics further 
enhance pharmacists' ability to intervene proactively 
in chronic disease management. Machine learning 
algorithms can now identify patients at high risk for 
medication non-adherence, disease exacerbations, or 
emergency department visits by analyzing patterns in refill 
histories, laboratory values, and social determinants of 
health. Recent studies revealed that pharmacists utilizing 
AI-driven risk stratification tools achieved a meaningful 
reduction in diabetes-related hospitalizations through 
timely preventive interventions.25-28 These systems 
essentially provide pharmacists with a "clinical radar," 
detecting subtle warning signs that would otherwise remain 
invisible until after adverse outcomes occur. Blockchain-
based prescription tracking systems are revolutionizing 
medication safety and supply chain integrity while 
simultaneously expanding pharmacists' surveillance 
capabilities. These distributed ledger technologies create 
immutable records of medication dispensing, enabling 
real-time detection of prescription forgery, doctor 
shopping behaviors, and supply chain compromises.29-31 It 
has been demonstrated that blockchain implementation in 
integrated healthcare systems reduced opioid misuse and 
eliminated counterfeit medication infiltration entirely in 
pilot programs.32 Beyond security benefits, these systems 
provide pharmacists with comprehensive medication 
histories across multiple providers and pharmacies, 
facilitating more informed clinical interventions and 
eliminating dangerous information gaps that plague 
fragmented healthcare delivery.
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Wearable biosensors,33,34 and Internet of Medical Things 
(IoMT) devices35-37 create continuous physiological 
monitoring streams that transform pharmacists from 
reactive problem-solvers into proactive health optimizers. 
When integrated with AI analytics platforms, data from 
continuous glucose monitors, blood pressure cuffs, and 
cardiac rhythm sensors enable pharmacists to adjust 
medication regimens based on real-world physiological 
responses rather than relying solely on periodic clinic 
measurements. Remarkably, pharmacist-managed 
remote monitoring programs utilizing AI-analyzed 
biosensor data reduced heart failure readmissions 
significantly and improved glycemic control in type 2 
diabetes patients by an average of 1.2% HbA1c reduction 
beyond standard care. These digital innovations 
collectively enable a fundamental shift from episodic, 
reactive pharmaceutical care to continuous, predictive, 
and personalized medication management. The synergy 
between AI-assisted systems and pharmacist expertise 
creates a powerful paradigm where technology handles 
data-intensive pattern recognition while pharmacists 
apply clinical judgment, therapeutic knowledge, and 
patient-centered communication skills that remain 
uniquely human capabilities. This technological 
augmentation does not replace pharmacist expertise 
but rather amplifies it, enabling individual pharmacists 
to deliver sophisticated, evidence-based care to larger 
patient populations with greater precision than previously 
achievable. The integration of AI into pharmaceutical 
practice represents a transformative advancement in 
delivering patient-centered care, enabling pharmacists 
to optimize therapeutic outcomes through precision 
medicine and real-time monitoring capabilities. AI-
driven technologies are revolutionizing drug delivery 
systems, from the design of intelligent nanocarriers for 
ocular therapeutics to the development of personalized 
microneedle-based biosensing devices that enable 
autonomous drug administration with minimal human 
intervention.38,39 These innovations empower pharmacists 
to move beyond traditional dispensing roles toward 
comprehensive medication management, utilizing AI 
algorithms to predict drug release kinetics, optimize 
formulation parameters for individual patient needs, 
and design smart delivery platforms that respond to 
physiological changes in real time.40 Furthermore, AI-
powered wearable biosensors integrated with machine 
learning enable continuous monitoring of therapeutic 
biomarkers and disease progression, allowing hospital/
clinical pharmacists to provide proactive interventions for 
conditions ranging from Parkinson's disease to chronic 
wound management.41,42 This technological convergence 
facilitates the transition from empirical, trial-and-error 
approaches to data-driven, evidence-based pharmaceutical 
care that accounts for patient-specific variability in drug 
response and disease presentation. Beyond individualized 

therapy optimization, AI integration significantly 
enhances clinical decision-making and patient safety 
within pharmaceutical practice. Point-of-care sensor 
systems equipped with AI algorithms enable pharmacists 
to conduct rapid, accurate detection of therapeutic drugs 
in blood samples with detection limits substantially 
below therapeutic thresholds, facilitating precise dosage 
adjustments and preventing adverse events.43,44 Machine 
learning models analyzing complex datasets from 
electronic health records, genomic profiles, and wearable 
devices allow pharmacists to predict disease trajectories, 
identify patients at risk for medication-related problems, 
and recommend optimized treatment strategies that 
reduce errors while improving resource utilization.45 
The deployment of AI-enhanced detection systems also 
strengthens pharmaceutical surveillance capabilities, 
with gradient boosting algorithms achieving 99% 
accuracy in identifying antibiotic residues and supporting 
antimicrobial stewardship efforts.46 Additionally, the 
integration of AI with Internet of Medical Things 
platforms enables seamless coordination of home-based 
care and prehospital services, positioning pharmacists as 
key contributors to accessible, efficient healthcare delivery 
that extends beyond traditional practice settings.35 Taken 
all, these AI-driven innovations empower pharmacists to 
function as essential clinical decision-support partners, 
bridging technology and patient care to deliver safer, 
more effective, and equitable pharmaceutical services.

Research by Baldoni et al revealed that when pharmacists 
utilized telecommunication technologies to deliver 
services, patients demonstrated enhanced commitment 
to their medication regimens and experienced better 
health outcomes across various disease states.47 The rapid 
expansion of these remote consultation capabilities, 
particularly accelerated during recent public health 
emergencies, has validated the feasibility of pharmacists 
managing complex therapeutic regimens through digital 
channels. Simultaneously, computational intelligence 
systems are revolutionizing how medication-related 
decisions are made in clinical practice. According to 
Reddy et al, machine learning applications can detect 
potential medication conflicts, forecast unintended 
medication effects, and tailor drug selection to individual 
patient characteristics, thereby supporting pharmacists 
in delivering more precise therapeutic interventions.48 
These sophisticated algorithms process extensive patient 
datasets to flag individuals who may be vulnerable 
to medication complications, allowing pharmacists 
to intervene preventively rather than reactively. The 
maturation of interconnected digital health information 
systems has similarly transformed interprofessional 
collaboration, with Berbakov et al reporting that when 
pharmacists gained comprehensive visibility into patient 
medical records, their capacity to make sound clinical 
judgments and detect medication issues improved 
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substantially.49 Continuous monitoring technologies 
represent yet another frontier in pharmaceutical care 
delivery. A comprehensive evidence established that 
when pharmacists incorporated connected health devices 
and remote monitoring and telemanagement program 
into their practice models, patients with persistent 
medical conditions, especially those managing glucose 
metabolism disorders and elevated blood pressure, 
achieved superior therapeutic endpoints.50 These digital 
tools capture physiological parameters, treatment 
compliance patterns, and behavioral indicators in real-
time, furnishing pharmacists with intelligence needed 
to fine-tune therapeutic strategies and transition care 
delivery from episodic intervention to sustained disease 
prevention.

Despite the considerable promise these technological 
advances hold for expanding pharmaceutical care 
delivery, multiple obstacles must be overcome to achieve 
widespread implementation. It has been documented 
that pharmacists face significant hurdles, including 
insufficient preparation for using new technologies, 
difficulties embedding digital tools into existing 
workflows, apprehension regarding patient information 
security, and uncertain compensation mechanisms 
for services delivered through technology platforms.51 
Concerns about equitable access are particularly pressing, 
as populations with limited digital literacy or inadequate 
internet connectivity may be further disadvantaged if 
technology deployment proceeds without intentional 
attention to inclusive design principles. Advancing 
the field will require rigorous investigation into how 
these innovations can be successfully woven into varied 
practice environments while preserving the interpersonal 
connections and clinical judgment that distinguish 
exceptional pharmaceutical care. The simultaneous 
expansion of pharmacists' clinical responsibilities and 
the proliferation of healthcare technologies presents 
a unique moment to fundamentally redesign primary 
care delivery systems. When pharmacists harness virtual 
consultation platforms, computational intelligence, 
integrated health information networks, continuous 
monitoring capabilities, and software-based therapeutic 
interventions, their capacity to serve larger populations 
more effectively multiplies exponentially. These digital 
tools serve not as substitutes for pharmaceutical expertise 
and therapeutic relationships, but as force multipliers that 
enable pharmacists to deliver individualized, scientifically-
grounded care to substantially more patients. As health 
systems worldwide struggle with inadequate access, 
inconsistent quality, and unsustainable costs, pharmacist 
services enhanced by technology offer a realistic solution 
for achieving more productive, fair, and patient-focused 
care delivery. The scientific evidence demonstrating both 
the therapeutic value of pharmacist-directed services and 
the transformative potential of digital health innovations 

is now robust and convincing. What remains is for policy 
architects, payment system designers, and practice leaders 
to synchronize their efforts in removing impediments 
and creating conditions that allow pharmacists to fully 
contribute their unique capabilities toward improving 
population health.

As concluding remarks, the incorporation of 
pharmacists into primary care and clinical services 
represents a paradigm transformation with capacity to 
substantially enhance healthcare delivery and patient 
outcomes. The extensive evidence base establishes 
that pharmacists can independently oversee common 
chronic conditions such as hypertension, diabetes, 
and dyslipidemia, frequently achieving outcomes 
equivalent to or surpassing those of traditional provider 
models. Through collaborative practice agreements, 
pharmacists can optimize medication therapy, provide 
continuous patient education, implement evidence-
based interventions, and address barriers to medication 
adherence in ways that complement and extend the 
capabilities of overburdened primary care systems. As 
healthcare systems worldwide grapple with the escalating 
burden of chronic disease, constrained resources, and 
workforce shortages, the full integration of pharmacists 
as recognized providers offers a practical, evidence-based 
solution. Fig. 1 illustrates the pharmacists’ involvements 
in technology-based diseases management. 

Modern healthcare systems still continue to face 
unprecedented challenges from emerging infectious 
diseases, complex metabolic disorders, and rapidly 
advancing therapeutic technologies. Pharmacists, with 
expanded provider status recognition, are uniquely 
positioned to address these challenges through patient-
centered care delivery. Their advanced training in 
pharmacogenomics, AI-assisted medication optimization, 
and real-time biosensor monitoring enables them to lead 
integrated care teams managing intricate therapeutic 
regimens for conditions ranging from gene therapy 
complications to antibiotic-resistant infections.

The foundation for this expanded role rests on 
pharmacists' proven expertise in chronic disease 
management. Clinical outcomes data demonstrate superior 
results in diabetes control, hypertension management, 
cardiovascular risk reduction, and respiratory disease 
optimization. This track record provides a solid basis 
for navigating increasingly personalized medicine 
approaches, including CRISPR-based treatments, 
nanopharmaceuticals, and adaptive biologic therapies. 
Furthermore, emerging technologies amplify pharmacist 
capabilities in primary care settings. Telepharmacy 
platforms extend access to underserved populations. 
Predictive analytics and continuous monitoring systems 
(e.g., tracking metrics from glucose levels to blood pressure) 
enable proactive intervention before complications arise. 
Blockchain-based medication management systems 
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ensure accuracy and coordination across fragmented 
healthcare networks. These tools position pharmacists to 
respond rapidly to pandemic threats, optimize complex 
multi-drug regimens for aging populations with multiple 
comorbidities, and coordinate seamlessly with other 
providers. Concludingly, pharmacist-led interventions 
reduce hospitalizations, improve medication adherence 
through smart delivery systems, enable earlier detection 
of adverse effects via AI surveillance, and provide 
cost-effective management of both chronic and acute 
conditions. These outcomes become increasingly critical 
as pharmaceutical innovation outpaces traditional care 
delivery models. Healthcare systems can no longer afford 
to underutilize this highly trained, accessible workforce. 
Removing barriers to full pharmacist practice authority 
addresses critical gaps in care access and quality while 
reducing overall healthcare costs. Both policymakers 
and healthcare leaders must act decisively to integrate 
pharmacists fully into interprofessional teams, ensuring 
that their expertise contributes meaningfully to meeting 
the diverse healthcare needs of modern populations.
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