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Implementation strategies for pharmacogenetic testing have been largely limited to major academic medical centers and large health systems, threatening to exacerbate healthcare disparities for rural and tribal populations. There exists a need in Montana (United States)—a state where two-thirds of the population live in rural areas and with a large proportion of tribal residents—to develop novel strategies to make pharmacogenetic testing more broadly available. We established partnerships between University of Montana (UM) and three early adopter sites providing patient-centered care to historically neglected populations. We conducted 45 semi-structured interviews with key stakeholders at each site and solicited participant feedback on the utility of a centralized pharmacogenetic service at UM offering consultations to patients and providers statewide via telehealth. For settings serving rural patients—tribal and non-tribal—participants described healthcare facilities without adequate infrastructure, personnel, and funding to implement pharmacogenetic services. Participants serving tribal communities stressed the need for ethical practices for collecting biospecimens and returning genetic results to patients, largely due to historical and contemporary traumas experienced by tribal populations with regard to genetic research. Participants expressed that pharmacogenetic testing could benefit patients by achieving therapeutic benefit sooner, reducing the risk of side effects, and improving adherence outcomes for patients with limited access to follow-up services in remote areas. Others expressed concern that financial barriers to pharmacogenetic testing for patients of lower socioeconomic status would further exacerbate inequities in care. Participants valued the role of telehealth to deliver pharmacogenetic consults from a centralized service at UM, describing the ability to connect providers and patients to resources and expertise as imperative to driving successful pharmacogenetic implementation. Our results support strategies to improve access to pharmacogenetic testing for neglected patient populations and create opportunities to reduce existing healthcare inequities. By exploring critical challenges for pharmacogenetic implementation focused on serving underserved communities, this work can help guide equitable frameworks to serve as a model for other resource-limited settings looking to initiate pharmacogenetic testing.
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INTRODUCTION
Growing evidence supports the use of pharmacogenetic-guided medication management, yet adoption into standard practice has thus far been primarily limited to academic medical centers and large health systems serving urban patients (Fohner et al., 2019). Consistent with the diffusion of innovations theory—which postulates that extended periods of time are required for new health innovations to be widely disseminated—patients receiving care in rural primary care settings are often last to receive new treatments, care strategies, and the benefits of new health services (Dearing and Cox, 2018). Examples of this variable diffusion—or failure to integrate innovations into health systems serving neglected populations—have been observed for a variety of modern medical technologies (Boscoe and Zhang, 2017; Balas and Chapman, 2018; Hirko et al., 2020; Banbury et al., 2021; Chunara et al., 2021). Efforts to broadly democratize pharmacogenetic testing have faced barriers, with limited examples of pharmacogenetic testing implementation in rural and tribal healthcare settings (Dorfman et al., 2015; Dressler et al., 2019a; Dressler et al., 2019b; Stegelmeier et al., 2020).
Unique challenges impact access to health services in rural, underserved, and resource-limited communities. Examples include cultural or financial barriers to care, underdeveloped public transportation, and inadequate broadband internet access that hinder the implementation of telehealth strategies (Douthit et al., 2015; Hirko et al., 2020). Additionally, despite ongoing federal and state efforts to incentivize professionals to serve rural areas, such communities face an ongoing shortage of physicians and trained health professionals (Health Resources and Services Administration 2022a). While medically underserved designations have helped to establish and maintain health services for groups frequently facing barriers to healthcare, disparities have continued to permeate health systems and access to specialty services remains scarce (Centers for Disease Control and Prevention 2013).
In addition to barriers faced by patients living in poverty or in geographically isolated locations, some Americans continue to experience significant health disparities in relation to race and ethnicity. As highlighted by the COVID-19 pandemic, specific racial and ethnic groups experience disproportionately high rates of severe COVID-19 illness, particularly African American, Hispanic Americans, and American Indian and Alaska Native (AIAN) people, further emphasizing longstanding health disparities (Carethers, 2021). This trend is true for many conditions, with AIAN people continuing to face disproportionate disease burden for several chronic illnesses including diabetes, liver disease, and respiratory diseases, and have lower overall life expectancy rates than the general population (Centers for Disease Control and Prevention 2013; Indian Health Service 2019).
Recent studies have demonstrated that healthcare providers anticipate an increase in the use of pharmacogenetics-guided prescribing in the near future (Olander et al., 2018; Hundertmark et al., 2020; Rahawi et al., 2020; Vest et al., 2020). Even so, many still consider pharmacogenetic testing a “luxury” service rather than a critical clinical decision-making tool. In urban settings, fiscal barriers tend to delay implementation and these concerns are only amplified in rural settings (Verbelen et al., 2017; Hockings et al., 2020). Additionally, a well-documented shortage of genetic specialists in the United States demonstrates ongoing demand for professionals with training to deliver and interpret genetics-related services (Maiese et al., 2019; Chou et al., 2021; Schaaf, 2021). Given the challenges that many underserved communities face, the potential of pharmacogenetic testing to optimize medication therapy in a timely manner is compelling. Their exclusion from pharmacogenetic research and implementation efforts may exacerbate healthcare disparities. Additionally, pharmacogenetic research has largely included participants primarily of European ancestry, with knowledge of pharmacogenetic variation in diverse populations desperately lagging (Popejoy and Fullerton, 2016; Martin et al., 2019; Fatumo et al., 2022).
To overcome the unique barriers to implementation in rural and tribal settings, it is imperative that creative solutions are developed to ensure pharmacogenetic testing is integrated into practice for all patients. Our goal is to inform the development of a pharmacist-led pharmacogenetic implementation strategy based at University of Montana (UM) focused on serving neglected patient populations, and subsequently, to inform implementation in rural areas. Montana is populated by diverse, underserved patient groups, including rural and tribal populations, patients of lower socioeconomic status, and patients with limited access to care in sparsely populated rural regions (Health Resources and Services Administration 2019; Montana Department of Health and Human Services 2019; Montana Department of Commerce 2020; United States Census Bureau 2020). Montana—the fourth largest state in the United States—at approximately 147,000 square miles, boasts a population density of just 6.8 persons per square mile with two of every three residents living in rural areas (Montana Department of Health and Human Services 2019). In total, 55 of 56 counties in Montana have received some form of HPSA designation (Health Resources and Services Administration 2022b). Montana is also home to 12 Tribal nations and AIAN peoples are the largest minority group in the state making up almost 7% of the population (Montana Office of Public Instruction 2020; United States Census Bureau 2020).
We have engaged three partner sites in Montana focused on providing patient-centered care to historically neglected populations. The Tribal Health Department of the Confederated Salish and Kootenai Tribes (CSKT)—with whom we have a long-standing community-academic research partnership in pharmacogenetics (Boyer et al., 2011; Woodahl et al., 2014; Morales et al., 2016)—provides a network of primary care health and wellness services to patients with Indigenous ancestry throughout the Flathead Reservation in Montana (Tribal Health Department of the Confederated Salish and Kootenai Tribes 2022). Partnership Health Center (PHC)—a federally qualified health center in Missoula, Montana—provides a variety of healthcare services and seeks to provide equitable, comprehensive care for insured or uninsured patients of all income levels (Partnership Health Center 2022). Shodair Children’s Hospital (Shodair) in Helena, Montana serves children and adolescents throughout the state providing acute, residential, and outpatient psychiatric care (Shodair Children’s Hospital 2022). With our partners, we seek to integrate pharmacogenetic testing services across a broad range of therapeutic applications utilizing telehealth to overcome obstacles of geographic remoteness.
Our study aims to identify unique facilitators and barriers to pharmacogenetic implementation among disadvantaged, underrepresented, and neglected populations. The data collected through semi-structured interviews will inform a needs assessment for future implementation efforts, specifically tailored to improve access to pharmacogenetics among patient populations experiencing significant health disparities. While participants across all three practice sites shared perceptions regarding the utility of pharmacogenetic testing for a variety of disease states and medication management concerns, most providers shared previous experiences and exposures to pharmacogenetic testing within the context of psychiatric care. Our goal is to also evaluate stakeholders’ perceptions of using an innovative telehealth model to implement a pharmacist-led pharmacogenetic program statewide. We expect that the provision of a centralized resource operating via a “hub and spoke” model may expand access to pharmacogenetics for rural, underserved, and tribal patients, creating equitable frameworks for delivery in other resource-limited health systems.
MATERIALS AND METHODS
Study setting
We completed interviews with healthcare professionals, administrative staff, and informatics professionals at three different sites (CSKT, PHC, and Shodair) serving underserved and neglected populations in Montana (Table 1). Each partner site offers a mixture of primary care and specialized treatment and seeks to provide ethical and equitable care for patient populations experiencing health disparities. This work was approved by UM and Salish Kootenai College Institutional Review Boards.
TABLE 1 | Partner site descriptions.
[image: Table 1]Study design, data collection, and analysis
We conducted interviews to elicit stakeholders’ perceptions, attitudes, and opinions regarding pharmacogenetic implementation in rural settings as well as potential impacts on patients and populations served. Partners at each site (CS, JL, AFE, KH, KK, and LIM) helped identify prospective participants, which generated referral sampling within each location. Eligibility criteria were that participants be ≥18 years old and working at the partner site. Participants were not presented any background information about pharmacogenetics prior to the interview. Interviews at all sites were halted when theoretical saturation was achieved (Starks and Trinidad, 2007).
For interviews conducted at PHC and Shodair, we developed an original semi-structured interview guide utilizing components of the Consolidated Framework for Implementation Research (CFIR) (Damschroder et al., 2009). The guide was developed using the CFIR Interview Guide Tool and included 11 open-ended questions spanning three categories: medication therapy management, site priorities and outcome measures for pharmacogenetics, and a needs assessment to begin a pharmacogenetics testing program. These categories were modeled on CFIR evaluation domains of intervention characteristics, outer setting, inner setting, characteristics of individuals, and process. Participants were also asked to complete a brief pre-interview survey to collect demographic information and general experience with pharmacogenetics via Qualtrics (Provo, UT, Unites States). Interviews lasted 30–60 min and were conducted in person or via telephone by members of the research group (TML, SRK, KCK, and ELW) from August to October 2019.
For interviews conducted at the CSKT Tribal Health Department, we conducted a secondary analysis of data from a prior formative study concerning provider perceptions of precision medicine, of which pharmacogenetics is a component. Interviews were semi-structured, lasted 30–60 min, and were conducted over the telephone by a member of the research group (SBT) in April 2019. The CSKT interviews did not collect participant views regarding telehealth for pharmacogenetic consultation, therefore, those results are not reported.
Interviews were audio-recorded and transcribed for a descriptive thematic analysis to identify major themes generated from participants’ knowledge, attitudes, and beliefs (Sandelowski, 2000). Interview transcripts were uploaded into ATLAS.ti (Berlin, Germany). TML and SRK read transcripts and worked together to iteratively develop a codebook. The resulting codes and themes were independently evaluated by the full research team and were subsequently analyzed for any remaining discrepancies or sources of potential bias. TML, SRK, and KMG then finalized the codebook and applied it to the full dataset, meeting to resolve differences as needed.
RESULTS
Overview
Across the three sites, 45 participants were recruited and interviewed (Table 2). Interviews included participants with a variety of clinical, administrative, and informatics expertise as implementing new interventions affects not only clinical workflow, but also that of other staff. Major themes are highlighted below with sections beginning with a summary of findings that were common across sites followed by findings unique to each. Direct quotations provide evidence for each major theme (Tables 3–6).
TABLE 2 | Participant demographics (n = 45).
[image: Table 2]TABLE 3 | Opportunities to mitigate medication management concerns unique to neglected populations.
[image: Table 3]TABLE 4 | Potential barriers to pharmacogenetic implementation for underrepresented populations.
[image: Table 4]TABLE 5 | Facilitators and perceived value of pharmacogenetic testing services targeted to underserved patient populations.
[image: Table 5]TABLE 6 | Role of a unique telehealth delivery model for pharmacogenetic consultations.
[image: Table 6]Opportunities to mitigate medication management concerns unique to neglected populations
Participants across sites shared concerns regarding polypharmacy and the potential financial burden of medication therapies for their patients (Table 3). They cited goals of simplifying medication management for their patients on more complex regimens and limiting potential drug interactions. Additionally, participants described the importance of maximizing medication therapies in a time-sensitive manner as a primary treatment goal, highlighting their concern for the lack of access to adequate follow-up care that their patients often face. For these underserved populations, a breadth of health inequities presents difficulties in medication management and the vast distances between sparsely populated communities in Montana further complicates appropriate follow-up.
In addition to challenges in medication management for patients in rural communities, participants who serve tribal patients noted specific barriers. As a health system focused on providing care grounded in tribal values for any and all members of federally recognized tribes, CSKT Tribal Health providers were concerned that the clinical implementation of new medication therapies or treatment strategies in rural practice settings is often delayed, which negatively impacts tribal communities. Several participants described this phenomenon as a challenge in their everyday practice. CSKT participants noted that when new innovations are made available, they are seldom trialed adequately in all populations. For example, some providers expressed concerns that treatment options for many chronic conditions lack evidence to support their use in non-European descended populations. Participants opined that many aspects of modern medicine and its practice fail to adequately address a variety of clinically important factors, including a host of environmental or genetic factors, as well as historical and present barriers to accessing care for tribal patients.
Participants at PHC serve patients who experience inequitable access to healthcare and a variety of barriers to medication management. PHC participants heavily consider barriers their patients face—including poverty, homelessness, and being members of minoritized or marginalized groups—when developing treatment plans. Medication therapies and strategies are adjusted to help address specific concerns such as cost, monitoring, and access. As the patients treated at PHC may have a variety of the aforementioned financial, environmental, or social factors influencing their care and treatment plans, optimizing medication therapies and reducing barriers to access or improving medication therapy outcomes were primary concerns for healthcare professionals.
Participants at Shodair primarily serve another one of Montana’s most vulnerable populations, children and adolescents undergoing psychiatric treatment, as well as serving as the primary hub for medical genetics resources and services throughout the state. Participants spoke about the difficulty of managing pediatric patients on a variety of psychiatric medications, who often undergo multiple medication changes—a process that can take months to years—until they reach therapeutic stability. Many patients at Shodair are initially admitted to the acute inpatient unit and subsequently transitioned to outpatient care following adequate symptom management. Providers described concerns regarding the timeliness of achieving therapeutic drug plasma levels and subsequent desired response; many psychiatric medications require trial periods of 2–4 weeks before symptom improvement, yet the typical acute inpatient stay is 7–10 days, making initial treatment selection especially critical. Additionally, providers cited challenges in successfully transitioning patients from the hospital setting back to community-based care located elsewhere in Montana, considering many patients return to rural or tribal communities with limited access to specialty psychiatric care. Providers stated that due to the shortage of psychiatric resources and care options for pediatric patients in geographically isolated communities, changes to medications or treatment strategies initiated at Shodair are not always effectively continued or monitored following discharge.
Potential barriers to pharmacogenetic implementation for underrepresented populations
Across all sites, interviewees touched on the expected concerns surrounding the cost of pharmacogenetic testing services, reimbursement for the tests and consultations of results, education and buy-in for providers unfamiliar with pharmacogenetics, and anticipated challenges with the integration of results into the electronic health record (EHR) to assist with clinical decision support (Table 4). Based on the unique make-up of the patient populations served, specific barriers to successful implementation became central within interviews amongst each respective site.
Providers at CSKT Tribal Health reported their patients may have mistrust in genetics, including pharmacogenetic testing and research, given historical misuse and abuse of genetic data from AIAN peoples. In the context of experiences with data stewardship in genetics research, participants noted that the majority of research completed to date has failed to adequately address concerns within AIAN populations regarding discrimination, stigma, and other potential harms. Some providers considered that existing evidence may not be applicable to AIAN populations due to the lack of ancestral diversity in research used to generate pharmacogenetic testing arrays and testing guidelines.
Interviewees at PHC identified cost of healthcare services as the primary barrier to their patients. Many participants described concerns regarding the prioritization of testing among those patients already facing a variety of sociodemographic factors that impact access to care and how to determine which patients could benefit most from the added expense of pharmacogenetic testing. Concerns around healthcare equity were a strong theme at PHC and providers speculated on how to ensure that testing was an option for all patients, not only those who could afford it. Several participants anticipated that there may be hesitancy from practitioners who believe the return on investment from pharmacogenetic testing remains inadequate, particularly within a resource-limited practice setting. Sociodemographic challenges already limit access to basic preventative health or primary care services for many PHC patients. Resource constraints lead to hesitancy toward health innovations that are not yet accepted as standard of care among PHC providers. The risk of overburdening providers with more information or further complicating workflow was apparent among participants.
Shodair participants identified the turnaround time for testing results to be made available to practitioners as a critical concern. With return of results often taking at least a week, many felt that pharmacogenetic testing would be of limited value in the acute, inpatient setting where patients are typically discharged within 7–10 days. Participants described that testing may therefore have greater utility in the outpatient setting, with providers following patients over a longer period of time. Participants also identified the successful integration of pharmacogenetic testing results in the EHR as a key factor in achieving provider buy-in and perceived utility. Informatics participants noted that Shodair currently lacks a location or protocol for the standardized storage of pharmacogenetic testing results and emphasized the need to ensure security in inter-facility data transfers, particularly for genetic information. There were concerns that even if the testing were utilized, many providers—especially those without specialized training in pharmacogenetics—would not feel comfortable interpreting results themselves and using them to guide prescribing decisions.
Facilitators and perceived value of pharmacogenetic testing services targeted to underserved patient populations
Many individuals interviewed shared positive perceptions of the ability of pharmacogenetic testing services to help achieve therapeutic benefit and reduce time to effective dose (Table 5). Participants across all sites identified additional training, education, and resources for staff as a significant facilitator to implementation. Perceived benefits that were noted across all sites included reduced risk for adverse drug events related to patient phenotype status and improved medication management outcomes for patients with limited access to follow-up services due to social, environmental, or financial barriers.
A primary facilitator of an implementation effort highlighted by CSKT providers was the long-standing partnership and engagement fostered between the CSKT and UM researchers, built on more than a decade of ongoing pharmacogenetic research. Healthcare stakeholders interviewed at CSKT shared positive perceptions regarding the clinical utility of pharmacogenetic testing. Practitioners and health professionals generally agreed pharmacogenetic testing could support individualized, targeted treatment for their patients and could be utilized to minimize or reduce preventable adverse reactions related to medications. Several participants described potential benefits in helping to minimize risks of polypharmacy as a result of more targeted dosing strategies.
Participants at PHC prioritized achieving provider buy-in and ensuring that providers have sufficient education, training, and point-of-care resources. Participants suggested that identifying pharmacogenetics “champions” within the organization would serve as a key facilitator of successful implementation. Several participants pointed to established PHC protocols for initiating new clinical services and emphasized the importance of engagement with all departments. New programs at PHC are generally piloted in a smaller area of the clinic, where major barriers and concerns can be addressed quickly and without impact on the entire clinic workflow. Programs that perform well in the pilot are then expanded to other departments. PHC participants prioritized educational opportunities for staff members as key to successful implementation. Several participants recommended that education—including presentations from experts in the field and connecting with practitioners as “point-of-contact” resources—would facilitate pharmacogenetic testing.
Shodair participants, particularly those in informatics, emphasized the importance of effective integration of pharmacogenetic testing results into the EHR and clear channels of communication between Shodair and the UM pharmacogenetic consultation service exhibiting secure and protected data sharing. Providers at Shodair prioritized an approach that would expedite the timeline to effective medication management and more targeted therapy, which they believed could generate better post-discharge outcomes for patients, including reduced rates of readmission. Participants felt that an implementation effort in an outpatient setting would provide better opportunities for reimbursement and more flexibility in turnaround time of testing results.
Role of a unique telehealth delivery model for pharmacogenetic consultations
During interviews, a telehealth delivery model offered by pharmacists and pharmacogenetic experts based at UM was introduced as a means to achieve equitable pharmacogenetic testing implementation (Table 6). As described above, participants at PHC and Shodair were questioned on their opinions of utilizing telehealth technology to provide pharmacogenetic consultations on test results and education to providers on the use of pharmacogenetics. These questions were not addressed within interviews completed with CSKT participants as the results from the CSKT were from a secondary analysis of data from a previous study that did not address telehealth. Participants expressed positive perceptions of using telehealth for the return of pharmacogenetic results and valued a service that could connect providers to resources and expertise without requiring significant changes to provider education and workflow on-site. Participants preferred that testing results be integrated into the EHR and providers receive both result interpretations and treatment recommendations. Providers also discussed the importance of having pharmacogenetic experts available for future clinical support and education, as pharmacogenetics-driven prescribing guidance continues to evolve. Participants spoke of the potential benefits of increasing access to specialized pharmacogenetic testing for populations who would otherwise have to travel long distances to access this expertise.
Participants at PHC identified the importance of having a centralized resource for pharmacogenetic recommendations, guidance, and support as a major benefit for this site, as well as other health systems providing primary care or behavioral health services across the state. Tasked with providing a great variety of primary care services, providers reported that integration of a new service like pharmacogenetic testing—with applicability across a range of specialties—would not be feasible for general primary care providers to manage independently without a tailored support system. The integration of a consultation service provided via a centralized resource was particularly attractive to PHC providers and several interviewees highlighted the importance of improving access to pharmacogenetic resources for individuals of all backgrounds. Participants shared positive perceptions regarding telehealth modalities for limiting costs while increasing access to these services for a variety of patient populations.
Participants at Shodair felt a telehealth model would serve as an appropriate strategy for successful integration of pharmacogenetic testing into outpatient services. Participants noted that additional, dedicated resources and personnel would be required to provide a pharmacogenetic testing service to Shodair providers and their patients. Therefore, interviewees identified a telehealth model as a potential alternative to provide patient-specific recommendations, guidance, resources, and ongoing education to providers. Participants felt that providing a pharmacogenetic service—not only to the providers located at Shodair, but also as a resource for providers across the state—could help to ensure the testing results are utilized well after patients are discharged.
DISCUSSION
Innovative clinical services—like pharmacogenetics—are often considered out of reach for patients in rural and tribal areas due to concerns regarding the sustainability and financial feasibility of new programs, perpetuating a troubling trend in which novel healthcare advances remain largely inaccessible for patient populations already experiencing significant health disparities. By failing to seek out unique solutions for pharmacogenetic implementation strategies in rural and tribal settings, existing health disparities may be exacerbated. For patient populations with limited access to care, high-quality medication management, access to pharmacogenetic testing, and appropriate follow-up are significant concerns among providers. Through qualitative interviews conducted with three early-adopter sites throughout the state of Montana, we found an interest in the use of pharmacogenetic testing to help address these concerns. These interviews demonstrated that facilities serving rural and tribal patients are uniquely situated to benefit from pharmacogenetic testing and pharmacist-led consultations delivered remotely via telehealth. Given well-established obstacles for geographically isolated and underserved communities, telehealth offers the ability to provide specialized and innovative clinical services to patients who may stand to benefit from targeted treatment strategies most.
At the CSKT Tribal Health Department—a health system providing care for those individuals of tribal ancestry—participants shared concerns regarding patient engagement and acceptance of pharmacogenetic testing given historical misuse and abuse of genetic data among Indigenous peoples. Within this context, providers and administrators at this site emphasized the importance of educational resources regarding pharmacogenetic testing for both healthcare providers and patients, providing special consideration and sensitivity for AIAN patient populations. Participants shared concerns that existing guidelines and research within the pharmacogenetics field have failed to adequately include Indigenous peoples and expressed a desire to continue fostering relationships of mutual trust between the CSKT Tribal Health, the patients they serve, and ongoing pharmacogenetic initiatives with researchers at UM.
At Partnership Health Center—a community health center that serves patients across the sociodemographic spectrum—participants’ concerns centered on the importance of developing a strategy for equitable implementation of pharmacogenetic testing. Participants identified equitable opportunity, in terms of both cost and physical access to education and counseling resources, as a primary barrier to widespread adoption. Additionally, as a site that offers comprehensive primary care services addressing a multitude of disease states, PHC participants highlighted concerns surrounding the shortage of specialized expertise regarding pharmacogenetic testing and lack of access to consultation services for primary care providers and patients in rural areas. Participants were enthusiastic for readily available resources and support through a UM-based centralized pharmacogenetic service and described it as a critical component of a successful implementation strategy.
As a site that serves as a leader and statewide resource for pediatric psychiatric services, providers at Shodair Children’s Hospital were familiar with both barriers and key facilitators of implementing pharmacogenetic testing services within their practice setting. Interviewees identified outpatient settings—in comparison to inpatient or acute care—as the ideal point for pharmacogenetic testing implementation and integration within existing workflows. Participants prioritized potential benefits of partnering with UM to provide pharmacogenetic consultations to advance the delivery of cutting-edge medication management initiatives to patients throughout the state. Participants at Shodair also valued a successful integration of pharmacogenetic test results into the EHR as an imperative step for therapy modifications and follow-up, particularly for patients transitioning from Shodair to their local community care settings.
In addition to these novel findings in rural, underserved, and tribal healthcare settings, participants also expressed themes that have been described in previous analyses of health professionals’ perceptions of pharmacogenetic testing and implementation feasibility (Dorfman et al., 2015; Klein et al., 2017; Olander et al., 2018; Rahawi et al., 2020; Stegelmeier et al., 2020; Vest et al., 2020). Common themes among all three sites included concerns regarding adequate turnaround time for testing results, concerns around cost and reimbursement of testing, and goals for successful integration of testing results into an EHR. Participants were generally positive regarding a pharmacogenetic implementation effort and considered decreased time to effective dose, minimizing the trial-and-error process of prescribing, and reducing adverse drug events as potential benefits. Participants at all sites valued pharmacogenetic testing results as a clinical decision support tool, but expressed concerns that the utility of the results may not be fully realized without significant education or clear guidance from experts in the field. Overall, participants involved in the analyses shared positive perceptions of a pharmacist-led consultation service at UM providing clinical recommendations and serving as a local resource for pharmacogenetic expertise.
Participants were enthusiastic that leveraging telehealth modalities could aid in pharmacogenetic implementation across a geographically expansive region and provide critical access to expertise otherwise unavailable to patients in rural and underserved areas. Telehealth has been proposed as a strategy to increase access to specialized services for rural communities and may be a valuable tool for pharmacogenetic implementation (Danylchuk et al., 2021; Westby et al., 2021). The COVID-19 pandemic has highlighted opportunities for telehealth to address healthcare disparities, however, the adoption is still lower in nonmetropolitan areas (Chen et al., 2021; Frydman et al., 2022). Access to high-speed internet is also a challenge for rural communities to take full advantage of the benefits offered by telehealth, although Montana is forward-thinking in improving and expanding high-speed internet for its citizens. In December 2020, the Federal Communications Commission awarded $125 million to Montanan firms to develop broadband infrastructure in rural regions as well as a providing internet licenses to the seven Tribal Reservations through the Rural Tribal Priority Window Initiative (Pfohl, 2020; Veigle, 2020). Additionally in February 2021, the Montana State Legislature unanimously voted to expand telehealth coverage requirements and remove site restrictions for services in response to rising trends in telehealth due to the COVID-19 pandemic (Montana State Legislature, 2021). These expansions demonstrate significant interest in utilizing telehealth to improve access to health services for Montanans and bodes well for our strategy to develop integrated pharmacogenetic telehealth solutions for stakeholders in rural, underserved, and tribal areas.
Limitations of our study include a small sample size and the possibility that themes may have been influenced by limited exposure to pharmacogenetic testing in health systems serving rural and underserved communities. Additionally, participants who consented to interviews may have been more likely to share positive perceptions about pharmacogenetics, therefore, negative opinions may be underrepresented as a result. While these limitations may influence generalizability to practices in metropolitan settings, we assert that our findings provide unique insights regarding perceptions of pharmacogenetic implementation efforts in resource-limited areas and may aid in the diffusion of pharmacogenetics to the benefit of neglected populations.
Our findings will inform an implementation strategy focused on improving access to pharmacogenetic testing for underserved and neglected patient populations, and increasing inclusion of underrepresented groups in pharmacogenetic research. Given well-established challenges to improving access to even baseline preventative health services in some rural, underserved, and tribal communities (e.g., shortage of health professionals, geographic remoteness, and economic insecurities), achieving equal access to care—especially for costly specialty services like pharmacogenetic testing—remains challenging. Through the development of a centralized “hub and spoke” pharmacist-led pharmacogenetic consultation service at UM, we will continue to explore critical challenges and facilitators for implementation strategies focused on serving underserved communities and the providers caring for them. By leveraging telehealth modalities for the dissemination and implementation of pharmacogenetics to underserved areas, our work may generate solutions that have wider utility and applicability for improving access to pharmacogenetic testing for patients living in a variety of resource-limited settings. We will pursue a pharmacogenetic implementation effort in an ethical and equitable manner through the development of a model focused on improving diffusion of pharmacogenetics to communities that have historically been the last to benefit from cutting-edge health innovations.
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“I do think [pharmacogenetic testing] has a place,
particularly ... for management of depression. My
thoughts going forward is that I think it’s a great
opportunity. I’s like all technology gets cheaper the
longer we use it. If we can really dial in what it takes to get
a chronic disease under control, whether it’s diabetes or
treat their colon cancer, I think it will be well received.

L also think if you can really tailor medical therapy to be
effective and, of course, we're going to improve health
outcomes, which makes a lower cost of care, and less
unexpected interactions within the medical
system.”—CSKTO02, Physician

“I'mall for minimizing medicine [polypharmacy] as best
‘That's kind of my end goal as a
"—CSKTO5, Pharmacist

we can. .
pharmacs

“Providing information about which test to order, to me,
is [very] valuable because there’s a lot of tests out there.
And i’s unclear to me which are most evidence-based,
which are validated, and which provide clinically
valuable information. If I'm going to order a
[pharmacogenetic] test, I want to know what to do with
those results. And I want that knowledge to enable me to
make a decision that I wouldn't have been able to make
otherwise or wouldn't have felt as good about making
without that information.”—PHC05, Administrator/
Physician

“The providers have to buy into it, that this would help
make their practice better, enhance their practice, and
see the benefit of how it would - and then the rest of us
could get onboard."—PHC04, Administrator

“Ideally, you see maybea faster time to effective dose or
‘maybe less trials before you get to a treatment that
works really well. Those would be good outcomes.
Maybe you could even look at hospital days [length of
stay] That would be cool. I think those are the kinds of
things that then you're talking people’s language
because you're saving money."—Shodair04, Genetic
Counselor

“I think rather than an entire [pharmacogenetics]
report—because based on the ones I've seen previously
and P'm sure this [new service] is a different test—that
could end up being quite a stack of paper with all the
recommendations. So I would like to see the
recommendations first [and then details]. Of course, it
would be nice if [pharmacogenetic test results] could
just be uploaded into [the EHR]. I think that would
make it easy for everyone to access.”—Shodait09,
Physician
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“I really think that this type of a concept [telehealth consultation
service] with the center in our state makes sense, and I think it makes
sense to house it at the University of Montana. I think it's a really
important opportunity that we need to be exploring ... in five or
10 years it’s going to be very important. .. I think it's good for us to be
ahead of the curve and start exploring this now.”—PHC06, Pharmacist

“Offering sometimes a hub for information is really helpful ... that
kind of warm line that we can call and say like, “Oh, this is the
situation. This is my question.” I think having that kind of point of care
resource is really helpful.”—PHC05, Administrator/Physician

“I think looking at providers around Montana, a [desirable] outcome
for me would be the opportunity to become a really valuable resource to
rural frontier providers so that they can refer to us [partnership
between Shodair and University of Montana] for [pharmacolgenetics
consults. Bu, if they can refer for pharmacogenetic testing [at Shodair],
and if we can do it in a timely, cost-effective manner so they can make
treatment decisions, then we become an invaluable partner to
them.”—Shodair05, Administrator
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“The dissemination of information from research
centers to the frontlines of care delivery, especially in a
frontier state like ours, is always a challenge, whether it's
precision medicine or just [the] latest cancer
protocols.”—CSKTO1, Physician

“I think that there’s . . a misrepresentation [that current
guidelines can be universally applied to people of all
ancestries] in ... both the [pharmacogenetics] rescarch
and also the literature of both management options and
then also barriers that some [historically disadvantaged]
communities face.”—CSKT02, Physician

Partnership Health Center
(PHC)

“I would say that our mission and vision is to
provide high quality healthcare to everyone ... the
majority of our patients are folks who have a lot of
struggles that they deal with on a daily basis, mostly
socioeconomic-related, so whether they don’t have
insurance, they’re homeless, the insurance they do
have is really limited, they can't afford a lot of the
premiums for certain treatment, and so breaking
down those barriers is a huge part of the vision
here”—PHCO1, Pharmacist

Shodair Children’s Hospital
(Shodair)

“Sometimes when kids get here, they’re on a lot of different
‘medications, and so trying to get that down to a reasonable
amount, whatever that might be [is the challenge]. You can
imagine [the difficulty of] a seven-year-old trying to take
seven different medications. Maybe with the right
management, it could be [reduced to] three or
four.”—Shodair01, Administrator/Physician

“A hard part that we see is kids leave here and they go back
to rural communities especially, but even larger
communities . .. some of the newer medications for some
[patients] are kind of—I might use the word “scary” for
some of our rural providers especially, and so they are
nervous about prescribing those, so we try to give them
guidance on [those medications)."—Shodair03,
Administrator
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“Some people feel that [genetics] is a potentially sensitive
area, that maybe either people who shouldn’t have access
to that information might get access to that information or
that people who are ‘qualified researchers’ may
nonetheless ask research questions that are offensive to
certain communities.”—CSKT04, Pharmacist

“[ think working primarily with a native population and
recognizing some of the research that has already been
done, and I know first-hand that some of those genetic
indicators are more represented in [the] Caucasian
population so then the benefit of that technology has been
to that larger [European] population.”—CSKT02,
Physician

“To our patient population, cost is always an
important thing, so we have a tendency not to run
tests unless they're going to be meaningful and make
a difference in care. We don't want to be doing tests
that are unnecessary or tests that have so many
limitations that they're not useful”—PHC02,
Physician/Administrator

“For a lot of people whose clinical life is already so
complicated and hard and time-consuming, it's really
stressful to think about adding something new, so 1
think just being really thoughtful about integrating it
in a way that is going to seem palatable to that

spectrum. [....] Sometimes, i's just like, ‘I can’t deal
with this other new thing’.”—PHCO3, Physician

“That's probably one reason why I haven't used
[pharmacogenetics] is because I don’t feel like I
could—asa family nurse practitioner, I didn’t get specific
training on it, so if I didn’t precept or have somebody to
work with who understood it well, there’s no reason for
me to order it.”—Shodair06, Nurse Practitioner

“One thing I have heard our physicians complain about
is the time it takes for results ... especially on the acute
units. If the kids are there for 7 days, if it takes a week to
get [test result] back ... they're gone. It's
pointless.”—Shodair01, Informatics

“One of the things is I would want to make sure that
[pharmacogenetics is] available for all patients.
Whenever we're making decisions, treatment decisions
based on insurance, that doesn't feel good.”—Shodair03,
Physician
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General
Descriptor:

Services Offered:

Primary Patient
Populations:

Confederated Salish and
Kootenai Tribes (CSKT)

A network of healthcare clinics serving the CSKT
based out of St. Ignatius, Montana.

® Medical

Dental

Pharmacy

Behavioral health

Telehealth services

Physical therapy

Optical

Audiology and Speech
© Community Health

“Tribal Health Clinics focus on providing high-
quality care to recipients “grounded in Tribal values™
for the CSKT

® 11,000 eligible recipients that include CSKT
members and descendants

® Provides care to members of other federally-
recognized tribes who reside on the Flathead
Reservatio

Partnership Health Center
(PHC)

A federally-funded community health
center located in Missoula, Montana.

® Medical
® Dental

© Pharmacy

Behavioral health

Telehealth services

PHC serves 15,000 patients in
Missoula County

© Approximately 52% of patients face
economic insecurity

.

29% of patients live at or below the
federal poverty level

7% of patients served identify as
homeless

17% of patients are uninsured

Shodair Children’s Hospital
(Shodair)

A pediatric psychiatric hospital located in Helena,
Montana, also providing the state’s only comprehensive
‘medical genetics services.

.

Acute and residential psychiatric services
Outpatient psychiatric care

Medical genetics services

CLIA certified diagnostic genetics laboratory
Telehealth services

Newborn screening follow-up

Psychiatric services for children and adolescents
throughout Montana

.

.

Approximately ~4,000 patients served in 2020

70% children from families living at or near poverty

39% of admissions referred from rural areas

14.7% of admissions identified as American Indian

Medical genetics program serves prenatal, pediatric,
and adult populations
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Characteristics Mean (range)

Age (years) 44 (28-73)
Years in Practice® 12 (1.5-44)
Gender n (%)
Female 30 (67.7%)
Male 15 (33.3%)
Stakeholder Role n (%)
Physician 14 (31.1%)
Nurse Practitioner 8 (17.8%)
Pharmacist 6 (13.3%)
Physician Assistant 1(2:2%)
Administration 5 (11.1%)
Information Technology 2 (44%)
Informatics 1(22%)
Other” 8 (17.8%)
Experience with Pharmacogenetics® n (%)
Agreed with the statement “I am familiar with pharmacogenetic testing” 20 (64.5%)
Previously ordered a pharmacogenetic test 10 (32.3%)

*Applicable only to clinical participants.
"Includes roles of molecular technologist, genetic counselor, dietician, registered nurse, lab techni
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