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[bookmark: _heading=h.4ltxnxks9jah]Abstract
Background: Pharmacogenomic (PGx) testing has the potential to improve medication safety and efficacy across a range of therapeutic areas, yet clinical implementation has been concentrated in urban academic medical centers. Rural and medically underserved populations face elevated adverse drug reaction risk and constrained healthcare access but have been relatively excluded from PGx implementation research. Recent growth in this literature warrants a comprehensive scoping review.
Objective: To map and characterize the published literature on PGx implementation in rural and medically underserved settings, identify implementation strategies and reported outcomes, and delineate evidence gaps that warrant future investigation.
Methods: A scoping review was conducted following the Arksey and O'Malley framework and PRISMA-ScR reporting guidelines. Searches were conducted across PubMed, Dimensions ai and Frontiers databases. Reference list screening of identified articles was also carried out in order to enhance the yield. Studies were included if they described a PGx implementation program, educational intervention, or feasibility assessment with a rural or medically underserved population component.  
Results: Eighteen studies published between 2015 and 2025 were included in this review. Studies were categorized into five thematic clusters: workforce education programs, pharmacist-led clinical service models, community-engaged implementation with Indigenous and tribal populations, Federally Qualified Health Center pilots, and informatics infrastructure assessments. Most studies reported feasibility and acceptability outcomes; few reported clinical endpoints such as adverse drug reaction reduction, medication adherence, or cost-effectiveness. 
Conclusion: Published literature on PGx implementation in rural and underserved populations is growing but remains dominated by feasibility and educational studies rather than outcomes-based clinical research. Key gaps include oncology-specific applications, infrastructure-tiered implementation models among others. Future research should prioritize outcomes-based evaluation and frameworks that account for the heterogeneity of rural healthcare infrastructure.
Keywords: Pharmacogenomics, Rural community, Health disparities, Pharmacist-led interventions, Community pharmacy, Precision medicine
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1. [bookmark: _heading=h.12t9jr95k6cw]Introduction
Pharmacogenomics (PGx), the study of how genetic variation influences drug response, has produced an extensive evidence base for individualized medication therapy (Roden et al., 2019). The Clinical Pharmacogenetics Implementation Consortium (CPIC) has published more than 25 evidence-based guidelines covering over 100 gene-drug pairs (Clin. Pharmacogenetics Implement. Consort.(CPIC), n.d.; Donnelly et al., 2024) and the Food and Drug Administration has included pharmacogenomic information on the labeling of over 300 medications (Food and Drug Administration (FDA), 2026). Prospective studies have demonstrated that genotype-guided dosing reduces adverse drug reactions across multiple therapeutic domains (Swen et al., 2023). 
Despite this mature evidence base, clinical adoption of PGx has been uneven. Implementation has been concentrated in urban academic medical centers with dedicated pharmacogenomics services, electronic health record integration, and in-house genotyping infrastructure (Shugg et al., 2024; Díaz-Villamarín et al., 2025). Rural and medically underserved populations, who bear a disproportionate burden of adverse drug reactions, limited specialist access, and healthcare workforce shortages (Oleribe et al., 2019; Javed, 2025), have been largely excluded from PGx implementation efforts. This exclusion has potential to widen rather than narrow existing health disparities (Martin et al., 2019).
Over the past decade, a growing body of literature has begun to address PGx implementation specifically in rural and underserved populations. Programs have been described across multiple states and settings, including rural Minnesota (Brown et al., 2022), the upper Midwest through the Sanford Imagenetics system (Natasha Petry et al., 2019; Van Heukelom et al., 2023), rural and tribal communities in Montana (Morales et al., 2016; Leitch et al., 2022), rural primary care in North Carolina (Dressler et al., 2019), integrated behavioral health clinics in Texas (Alghamdi et al., 2025), and Federally Qualified Health Centers (FQHCs) in urban and rural contexts (Johnson et al., 2020; Cicali et al., 2019). However, this literature has not been systematically synthesized. Existing scoping and narrative reviews have focused on community pharmacy practice more broadly (Coumau et al., 2025), medically underserved populations without specific rural focus (Gawronski et al., 2025), or health disparities in PGx generally (Magavern et al., 2021). No published review has specifically mapped the PGx implementation literature at the intersection of rural and underserved settings.
This scoping review addresses that gap. Following Arksey & O’Malley (2005)  framework with refinements by Levac et al. (2010) and reporting in accordance with the PRISMA Extension for Scoping Reviews (PRISMA-ScR) guidelines, this review maps the published literature on PGx implementation in rural and medically underserved settings. The objectives are to: (1) characterize the types of studies that have been conducted; (2) describe the implementation strategies that have been employed; (3) summarize the outcomes that have been reported; and (4) identify evidence gaps that warrant future investigation.

2. Methods
2.1 Protocol and Reporting Framework
This scoping review was conducted using the five-stage framework originally proposed by Arksey & O’Malley (2005) with methodological refinements introduced by Levac et al. (2010). Reporting follows the PRISMA Extension for Scoping Reviews (PRISMA-ScR) checklist (Tricco et al., 2018). The review protocol was developed a priori but was not registered in an international prospective register; this limitation is discussed in Section 5.4.

2.2 Research Question
The question guiding this review was: What is the scope, nature, and reported outcomes of published PGx implementation programs in rural and medically underserved healthcare settings?
Secondary questions included: (a) What implementation strategies have been used? (b) What therapeutic areas and gene-drug pairs have been targeted? (c) What populations have been served?
(d) What outcomes have been measured and reported? (e) What evidence gaps remain?

[bookmark: _heading=h.tcc9nd8tb2q9]2.3 Search Strategy
Searches were conducted in PubMed, Dimensions ai, and Frontiers journal databases (Frontiers in Pharmacology, Frontiers in Genetics) on March 30, 2026. Searches were supplemented by hand-searching the reference lists of identified articles and relevant narrative reviews were screened for additional eligible studies. Search terms combined variations of pharmacogenomic terminology (such as pharmacogenomics, pharmacogenetics) with setting descriptors (rural, underserved, tribal, Indigenous, FQHC, federally qualified health center, medically underserved, health professional shortage area).   
The compiled search strings adopted in searching all the databases was: ("pharmacogenomics" OR "pharmacogenetics" OR "genetic testing") AND ("rural health" OR "medically underserved populations" OR "rural healthcare" OR "tribal health" OR "Indigenous health" OR "community health centers" OR "FQHC" OR "Health Professional Shortage Areas") AND ("implementation" OR "service model" OR "clinical service" OR "workforce education" OR "telemedicine" OR "community engagement") AND ("outcomes" OR "adverse drug reactions" OR "medication adherence" OR "cost-effectiveness" OR "clinical efficacy"). 

2.4 Eligibility Criteria
Inclusion criteria: (1) Peer-reviewed articles or published implementation reports describing a PGx implementation program, clinical service, educational intervention, or feasibility study; (2) setting or population explicitly described as rural, medically underserved, Health Professional Shortage Area (HPSA), Medically Underserved Area (MUA), Medically Underserved Population (MUP), Indigenous or tribal, FQHC, or otherwise resource-limited; (3) published in English; (4) published from 2015 to the literature search date.
Exclusion criteria: (1) Studies conducted exclusively in urban academic medical centers without rural or underserved population focus; (2) Studies neither published in English nor within 2015 and the literature search date (3) purely analytical or laboratory studies without an implementation component; (4) clinical guidelines themselves (these are referenced as background but not included as scoping review data); (5) editorials, commentaries, or opinion pieces without original implementation data or analysis; (6) conference abstracts without corresponding full-text publication.

[bookmark: _heading=h.brfjhel5sujo]2.5 Study Selection
First, duplicate articles were removed in a reference manager (Zotero) followed by Titles and abstracts screening. Next, the full-text articles were retrieved and assessed against the eligibility criteria, with reasons for exclusion documented.  Two reviewers handled the screening and study selection process and discrepancies were resolved through discussion.
Following an initial identification of 289 records from various databases and registers, 114 records were excluded through filters. 175 records were subjected to title and abstract screening and 149 records were removed. The full text of the remaining 26 reports were assessed for eligibility, with eight being excluded for not focusing on rural and medically underserved settings. Ultimately 18 studies were included in this review. The breakdown of the selection process is as presented in Figure 1. 
[image: ]Figure 1: Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) flow diagram

[bookmark: _heading=h.wlexivs9f8i2]2.6 Data Extraction and Charting
A data extraction form was developed to capture the following variables for each included study: first author and publication year; journal; country and state or region; study design (feasibility study, qualitative, descriptive report, quantitative outcomes, mixed methods); setting type (critical access hospital, FQHC, rural primary care clinic, community pharmacy, tribal health service, multi-state rural health system); population characteristics; therapeutic focus and specific gene-drug pairs addressed; implementation strategy; outcomes reported; and key findings.  

[bookmark: _heading=h.93s6zw18eeh0]2.7 Synthesis Approach
In line with scoping review methodology, data were synthesized narratively based on the emerging themes from the included studies. Included studies were grouped into thematic clusters based on the predominant type of intervention or investigation. Within each cluster, the range of implementation strategies, populations served, and outcomes reported was summarized. Evidence gaps were identified across clusters and across the body of literature as a whole.


3. Results

[bookmark: _heading=h.dxl1mgthpdc2]3.1 Characteristics of Included Studies
Table 1 summarizes the characteristics of the 18 included studies. Study designs included feasibility pilots (n=6), qualitative interview-based studies (n=5), descriptive implementation reports (n=4), quantitative clinical outcomes studies (n=2), and narrative syntheses of implementation experience (n=1). The predominant setting types were rural primary care clinics and multi-state rural health systems, followed by tribal health services and FQHCs.

Table 1. Characteristics of included studies (N=18)

	Author (Year)
	Setting
	Population/Focus
	Design
	Key Outcomes

	Dorfman et al. (2015)
	Diverse practice settings beyond metro areas
	General PGx implementation
	Narrative analysis
	Barriers and opportunities outside metros

	Morales et al. (2016)
	Tribal (CSKT, Montana)
	Indigenous community
	Community-engaged research
	Partnership framework for tribal PGx

	Dressler et al. (2019)
	Rural primary care, NC
	Mixed adult patients
	Feasibility pilot
	30% had actionable PGx variants

	Frigon et al. (2019)
	Primary care
	Physicians, pharmacists, patients
	Qualitative survey
	Perceptions of PGx testing

	Fohner et al. (2019)
	Multiple, incl. rural/tribal
	Democratizing precision medicine
	Commentary-framework
	Community engagement principles

	Shugg et al. (2020)
	FQHC (Chicago)
	Providers, community members
	Feasibility study
	Participatory genomic education

	Martin et al. (2022)
	Colorado (clinical service)
	Patients in PGx service
	Qualitative
	Patient perspectives on pharmacist-led PGx

	Leitch et al (2022)
	Rural/tribal Montana
	3 partner sites
	Mixed methods
	Telehealth hub-and-spoke feasibility

	Natasha Petry et al. (2019) 
	Medically underserved (Florida)
	Community participants
	Qualitative
	Knowledge/attitudes regarding PGx

	Brown et al. (2023)
	Rural Minnesota
	Pharmacists
	Educational intervention
	Improved PGx knowledge/confidence

	Van Heukelom et al. (2023)
	Multi-state rural (Sanford)
	Mixed adult patients
	Descriptive implementation
	Evolution of multi-state PGx clinic

	Claw et al. (2024)
	Indigenous communities
	Tribal members
	Community-engaged
	Ethical frameworks for Indigenous PGx

	Bosic-Reiniger et al. (2024) 
	Resource-limited (CO/MT)
	Clinicians, informatics staff
	Qualitative (CFIR)
	Informatics barriers to PGx in rural

	Petry et al. (2024)
	Rural (Sanford)
	Antidepressant users
	Clinical outcomes
	CYP2C19/CYP2D6
impact on antidepressant care

	Alghamdi et al. (2025)
	Underserved IBH clinic (TX)
	Behavioral health patients
	Feasibility
	Multidisciplinary PGx service feasible

	Silver et al. (2025)
	Rural Ontario
	General population
	Model proposal
	Outreach-focused integration model

	Gawronski et al. (2025)
	Medically underserved (multiple)
	MUPs broadly
	Narrative review
	Synthesis of underserved PGx literature

	Mohamed et al. (2026) 
	Rural/underserved
	Working pharmacists
	Educational intervention
	PGx knowledge gains in rural workforce



3.2 Thematic Clusters
The 18 included studies fell into five overlapping thematic clusters, each representing a distinct approach to rural and underserved PGx implementation.

3.2.1 Workforce Education Programs
Three studies described formal educational programs aimed at building PGx competency among healthcare workers in rural and underserved settings (Brown et al., 2022; Dorfman et al., 2015; Mohamed et al., 2026). Brown et al. (2022) developed and evaluated a PGx training program for pharmacists in rural Minnesota, demonstrating significant improvements in knowledge scores and self-reported confidence following the intervention. A 2026 follow-up expansion program similarly reported high impact on PGx knowledge among pharmacists in rural and underserved practice settings, with increased likelihood of implementation after training (Mohamed et al., 2026). These programs addressed a foundational barrier: the knowledge gap that prevents rural providers from ordering, interpreting, or acting on PGx results. However, educational outcomes do not directly measure patient-level clinical benefit.

[bookmark: _heading=h.41axb8vinuwf]3.2.2 Pharmacist-Led Clinical Service Models
Five studies described pharmacist-led PGx clinical services operating in rural or underserved settings including Van Heukelom et al. (2023) and Natasha Petry et al. (2019) studies. The Sanford Imagenetics program, operating across a multi-state rural health system in the upper Midwest, represents the largest-scale example, with descriptive reporting of clinical workflow, EHR integration, and patient volume (Van Heukelom et al., 2023). A 2024 outcomes analysis from Sanford reported the impact of CYP2C19 and CYP2D6 genotyping on antidepressant use in this rural population, one of the few included studies to report quantitative clinical outcomes (Petry et al., 2024). Alghamdi et al. (2025) study demonstrated feasibility of a multidisciplinary PGx service within an underserved integrated behavioral health clinic in Texas. Martin et al. (2022) reported patient perspectives on a pharmacist-provided clinical pharmacogenomics service in Colorado. These studies collectively establish that pharmacist-led models are feasible across diverse institutional settings.

3.2.3 Community-Engaged Implementation with Indigenous and Tribal Populations
Four studies addressed PGx implementation in Indigenous and tribal communities (Morales et al., 2016; Frigon et al., 2019; Frigon et al., 2019; Claw et al., 2024). Woodahl and colleagues at the University of Montana, in partnership with the Confederated Salish and Kootenai Tribes, have developed community-engaged research approaches grounded in tribal sovereignty and participatory principles (Morales et al., 2016; Fohner et al., 2019; Claw et al., 2024). A 2024 Nature Communications publication articulated a framework for implementing community-engaged pharmacogenomics in Indigenous communities, emphasizing the ethical and methodological considerations required (Claw et al., 2024). This cluster highlights a critical dimension of rural PGx implementation: meaningful engagement with communities historically excluded from genomic research requires more than geographic access; it requires relationship-based partnership and respect for community data sovereignty.

3.2.4 Federally Qualified Health Center and Primary Care Pilots
Three studies addressed PGx implementation in FQHCs or rural primary care (Dressler et al., 2019; Shugg et al., 2024; Gawronski et al., 2025). Dressler et al. conducted a pilot feasibility study in rural primary care practices in North Carolina, reporting that 30% of tested patients had polymorphisms relevant to their current medications (Dressler et al., 2019). A feasibility study in an FQHC affiliated with an academic medical center in Chicago demonstrated that participatory genomic testing and classroom education could effectively disseminate PGx concepts to providers and community members (Shugg et al., 2024). In Gawronski et al. (2025) narrative review the broader medically underserved PGx literature was synthesized, which includes overlap with the rural focus but extends to urban underserved populations.

[bookmark: _heading=h.1ek3l41qx43a]3.2.5 Informatics Infrastructure Assessments
Two studies assessed the informatics infrastructure available to support PGx implementation in rural and resource-limited settings (Bosic-Reiniger et al., 2024; Fohner et al., 2019).  Bosic-Reiniger et al., using the Consolidated Framework for Implementation Research (CFIR), conducted qualitative interviews with clinicians and informatics personnel across resource-limited institutions in Colorado and Montana, identifying specific barriers in EHR infrastructure, PGx clinical decision support tools, and institutional resources. This work is particularly important because it quantifies a dimension of the implementation challenge that is often assumed but rarely measured.

3.3 Implementation Strategies
Across the 18 studies, several implementation strategies were identified. Telehealth-based pharmacist consultation appeared in multiple studies as a cross-cutting strategy for reaching geographically distant patients (Van Heukelom et al., 2023; Leitch et al., 2022; Morales et al., 2016). On-site clinical pharmacist services, EHR-integrated clinical decision support, mail-in or in-clinic specimen collection, and community-engaged educational programming were each represented. Notably, no included study described a mobile health clinic model for specimen collection, although one study proposed (and assigned low feasibility to) such a model in rural Ontario (Silver et al., 2025). No included study explicitly tiered or stratified implementation strategy by institutional infrastructure capacity; each program was designed for its specific institutional context.

3.4 Therapeutic Areas and Gene-Drug Pairs
The therapeutic focus of the included studies was heavily weighted toward psychiatric medications (antidepressants, selective serotonin reuptake inhibitors, tricyclic antidepressants) and cardiovascular medications (clopidogrel, warfarin). Analgesic applications (codeine, nonsteroidal anti-inflammatory drugs) appeared in several studies. Oncology-specific applications were notably absent from the rural and underserved implementation literature; although oncology gene-drug pairs (DPYD, UGT1A1, TPMT, NUDT15) have robust CPIC guidelines, no included study focused specifically on their implementation in rural or community hospital cancer care.

[bookmark: _heading=h.16aez6y4bono]3.5 Outcomes Reported
Outcomes reported across the included studies were predominantly process and perception measures rather than patient-level clinical outcomes. Frequently reported outcomes included: pharmacist or provider knowledge scores before and after education (5 studies); qualitative themes from interviews with patients, providers, or community members (6 studies); feasibility metrics such as patient enrollment, test completion, and result return (5 studies); and descriptive clinical service metrics such as number of patients served or consults performed (4 studies).
Clinical outcomes directly attributable to PGx-guided prescribing, such as adverse drug reaction rates, hospitalization rates, medication adherence, or treatment response, were reported in only two of the 18 included studies (Dressler et al., 2019; Petry et al., 2024). Cost-effectiveness or economic outcomes specific to rural or underserved implementation were not reported in any included study. This represents a substantial evidence gap.

4. Discussion
4.1 Summary of Key Findings
This scoping review identified 18 studies describing PGx implementation in rural and medically underserved settings over the past decade. The literature is growing, geographically diverse, and methodologically heterogeneous. Workforce education, pharmacist-led clinical services, community-engaged implementation in Indigenous communities, FQHC pilots, and informatics infrastructure assessments each represent active areas of investigation. Telehealth has emerged as a cross-cutting implementation strategy, and pharmacists have been positioned as the clinical leads in most described programs.

[bookmark: _heading=h.jbup9bh3f06e]4.2 Key Evidence Gaps
Despite this growth, the literature has important gaps.

Gap 1: Clinical and economic outcomes. Only two of the 18 studies reported patient-level clinical outcomes directly attributable to PGx-guided prescribing, and none reported cost-effectiveness specific to rural or underserved implementation. The field has established feasibility; it has not established clinical benefit at the population level. Future research should prioritize prospective outcomes studies with defined clinical endpoints (adverse drug reaction rates, hospitalizations, medication adherence, disease-specific outcomes) and economic analyses.
Gap 2: Oncology applications. Oncology-specific PGx implementation in rural and community hospital settings is notably absent from the literature. Given that fluoropyrimidines, irinotecan, and thiopurines have CPIC guidelines with among the strongest evidence in all of pharmacogenomics (Amstutz et al., 2018; Relling et al., 2019; Henricks et al., 2018), and that rural cancer patients receiving chemotherapy without PGx testing face preventable life-threatening toxicity, this gap has direct patient safety implications. Implementation research focused on oncology PGx in community settings is an urgent priority.
Gap 3: Infrastructure-tiered implementation frameworks. No included study explicitly matched implementation strategy to institutional infrastructure capacity. The rural healthcare landscape spans a wide range of institutional types, from critical access hospitals with no laboratory services to community hospitals with basic EHR capability to communities with no fixed healthcare facility. A single implementation model cannot serve all three. Frameworks that tier implementation strategy to institutional capacity remain to be developed and evaluated.
Gap 4: Communities without fixed healthcare access. The included studies overwhelmingly describe implementation within existing clinics and health systems. Communities without a fixed healthcare facility, relying on periodic outreach or traveling hours to the nearest clinic, are largely absent from the literature. Mobile health clinic models for PGx specimen collection were proposed in one study but assigned low feasibility without further development (Silver et al., 2025). Research evaluating mobile and outreach-based PGx delivery in truly underserved geographies represents a meaningful gap.
Gap 5: Preemptive testing in community settings. Preemptive PGx testing, in which a panel of actionable genes is tested proactively rather than reactively, has been established in several academic centers (Dunnenberger et al., 2015; Luzum et al., 2017). Whether preemptive testing is feasible and beneficial in rural and community hospital settings, where the patient population may be more transient and the medication trajectory less predictable, has not been directly investigated.

[bookmark: _heading=h.c9rzj9v8powy]4.3 Implications for Practice and Policy
Several practical implications emerge from this review. First, the feasibility of PGx implementation in rural and underserved settings has been established sufficiently that future programs need not reinvent the case for implementation; they can build on documented models. Second, pharmacists are positioned as the natural implementation leads across diverse settings, consistent with their training in pharmacokinetics and drug metabolism and their accessibility in rural communities (Brown et al., 2022; Alghamdi et al., 2025; Martin et al., 2019). Third, telehealth infrastructure is not optional; it is integral to reaching geographically dispersed patients and providers. Fourth, community engagement is essential, not merely desirable, particularly when serving Indigenous, tribal, and historically marginalized populations (Fohner et al., 2019; Claw et al., 2024).
From a policy perspective, the concentration of PGx testing infrastructure in urban academic centers represents a geographic distribution that mirrors, and compounds, existing healthcare access disparities. Policy mechanisms to incentivize PGx implementation at critical access hospitals, FQHCs, and tribal health services, including coverage expansion, infrastructure grants, and workforce development funding, could address this distribution.
4.4 Limitations
This scoping review has several limitations that warrant disclosure.  First, database searches were limited to PubMed, Dimensions ai and Frontiers databases, and reference list screening, which may have resulted in incomplete identification of relevant studies, particularly those published in nursing or health services research journals. Second, the review was not prospectively registered, although the protocol was developed a priori. Third, conference abstracts without corresponding full-text publication were excluded, which may have omitted some emerging work. Fourth, the therapeutic area classification was based on self-report in included studies, which may have underrepresented some implementation efforts that did not describe their therapeutic focus explicitly.
Despite these limitations, this review provides the first synthesis specifically focused on PGx implementation at the intersection of rural and medically underserved settings, offering a foundation for future systematic reviews and informing implementation research and practice.

5. Conclusion
Published literature on PGx implementation in rural and medically underserved settings has grown substantially over the past decade, with 18 studies identified in this scoping review. Workforce education programs, pharmacist-led clinical services, community-engaged implementation with Indigenous populations, FQHC pilots, and informatics infrastructure assessments represent active
and complementary lines of investigation. Pharmacists have emerged as the clinical implementation leads across diverse settings, and telehealth has become a cross-cutting enabling technology.
Key evidence gaps include patient-level clinical outcomes, cost-effectiveness analyses, oncology-specific applications, infrastructure-tiered implementation frameworks, and programs serving communities without fixed healthcare facilities. Addressing these gaps will require prospective outcomes-based research, implementation frameworks that account for the heterogeneity of rural healthcare infrastructure, and sustained investment in the workforce, informatics, and policy conditions that make PGx accessible to all patients regardless of where they receive care.
The evidence base for pharmacogenomic-guided prescribing is mature. The evidence base for delivering that benefit equitably across rural and underserved America is growing but incomplete. Closing that evidence-to-practice gap is a precision medicine priority with direct implications for health equity.
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