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Abstract: Pharmacogenomics (PGx) and the study of precision medicine has substantial power to
either uplift health equity efforts or further widen the gap of our already existing health disparities.
In either occurrence, the medication experience plays an integral role within this intersection on an
individual and population level. Examples of this intertwined web are highlighted through a case
discussion. With these perspectives in mind, several recommendations for the research and clinical
communities are highlighted to promote equitable healthcare with PGx integrated.
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1. Introduction

Medication experience (MedXp) is an individual’s subjective experience related to
taking medication in their daily life [1]. The MedXp starts when one encounters the
medication, even prior to taking it. It is inclusive of what the encounter means to them and
the effects thereafter, both positive and negative. Pharmacogenomics (PGx) is a field of
research that investigates how a person’s genes may affect medication response [2]. The
objective of such inquiry is to optimize medication use for individuals; hence, it is integral in
precision medicine. The person’s response to a medication becomes a part of their MedXp,
which varies from individual to individual. Differences in MedXps and application of PGx
information can contribute to inequity in health outcomes across populations. The goal
of population health is to improve overall outcomes and eliminate gaps in determinants
and outcomes between groups, thus achieving health equity [3]. Figure 1 highlights the
interconnectedness between MedXp, PGx, and health equity. The appropriate application
of PGx into patient care has the potential to enrich MedXp and influence health outcomes,
allowing us to strive towards improved health equity across all biogeographical groups.

In order to better illustrate the intricacy between MedXp, PGx, and health equity, a
patient story will be used as a case discussion to highlight examples of the importance of
each component intersecting with one another. The purpose of this review is to focus on
the intersection of PGx and health equity from the viewpoint of the MedXp. The use of an
alternative name instead of initials in this case report serves as an intentional reminder of
the human elements and to honor this individual’s experience and story.
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2. Case Example

Sam is a young adult who is beginning to adjust to the idea of transferring his care
from a pediatric health care system to an adult facility. Sam has sickle cell disease (HbSS)
and surgical asplenia with a history of cholecystectomy, anxiety, and history of needing
oxygen at home when sleeping. He has presented to the emergency department 13 times
in the past year, and admitted two of those times, most commonly for chest pain. He is
proud that he has been taking his hydroxyurea more consistently since his visit 2 months
ago. Sam tried voxelotor in the past but was unable to tolerate it due to diarrhea. He has
not had any episodes of chest pain since his last visit, with the exception of one episode
associated with feeling anxious and sweating profusely. Today at his comprehensive sickle
cell appointment, he also expressed interest in a maintenance anti-anxiety medication now
that he feels confident in taking medications daily. Sam is currently on hydroxyzine 25 mg
every 6 h as needed for anxiety, which he primarily takes at night. He feels that this is
beneficial, but the benefits are not long lasting. He was previously prescribed citalopram
titrated 20 mg daily by his primary care provider. He felt that citalopram at this dosage
was not beneficial, and after taking it consistently for 3 months, self-discontinued it.

Sam received PGx testing as part of a research protocol one year prior. The Clinical
Pharmacogenetics Implementation Consortium (CPIC) publishes peer-reviewed, evidence-
based, clinical practice guidelines based on gene–drug interactions. These guidelines help
with clinical decision making and standardization across institutions. For Sam, he was
found to have five priority gene results that had CPIC guidelines at the time of testing
(Table 1).
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Table 1. Sam’s priority PGx results from the PGx research protocol.

Gene Diplotype Phenotype

CYP2B6 *6/*6 Poor Metabolizer

CYP2C19 *1/*17 Rapid Metabolizer

CYP2D6 *1/*5 Intermediate Metabolizer
Activity Score = 1

CYP3A5 *1/*3 Intermediate Metabolizer

UGT1A1 *1/*28 + 80, *28/*80 Intermediate Metabolizer
The * is a standard nomenclature used to describe PGx haplotype genetic results.

Self-identified race: Black/African American

Home Medication List
Scheduled:

• hydroxyurea: 2000 mg by mouth daily.
• budesonide/formoterol 160/4.5 inhalation aerosol with adapter: inhale two puffs by

mouth twice daily.

As needed:

• acetaminophen: 650 mg by mouth every 6 h as needed for pain;
• albuterol MDI 90 mcg/inh (CFC free) MDI: inhale two puffs by mouth every 6 h as

needed for wheezing.
• hydroxyzine hydrochloride: 25 mg by mouth every 6 h as needed for anxiety.
• ibuprofen: 600 mg by mouth every 6 h as needed for pain;
• polyethylene glycol 3350 oral powder: dissolve 17 g in 240 mL (8 ounces) of water or

juice and drink the entire amount daily as needed for constipation.
• oxycodone: 10 mg by mouth every 6 h as needed for severe pain. May take 5 mg

instead of 10 mg if having moderate pain.

During the appointment, Sam received education from the pharmacist about the
benefits and limitations of applying PGx testing into his care. The pharmacist also reviewed
medications recommendations with the pediatric hematologist based on the discussion
with Sam and PGx results (Table 1).With Sam transitioning to an adult hematologist soon,
the pediatric hematologist recommended that he return to his primary care provider for the
prescribing of anti-anxiety medication. He was strongly encouraged to bring his PGx results
with him to his primary care provider and his adult hematologist when he transitioned
care. The pharmacist also discussed the recommendations with the sickle cell patient health
advocate who was going to be assisting Sam with care coordination and transition of care.

3. Discussion
3.1. Health Equity and MedXp

Disparities in health and healthcare persist in the United States. Groups adversely
affected are characteristically racially minoritized populations whose health outcomes are
further worsened by social determinants [4]. Social determinants of health (SDH) are “the
non-medical factors that influence health outcomes. They are the conditions in which
people are born, grow, work, live, and age, and the wider set of forces and systems shaping
the conditions of daily life. These forces and systems include economic policies and systems,
development agendas, social norms, social policies and political systems” [5]. Inequities in
the influence and experience of these systems for different groups (referred to as systemic or
structural inequities) foster socioeconomic disadvantage for minoritized populations, with
a negative impact on health and well-being [6,7]. Furthermore, these SDH inevitably impact
access to health care due to factors such as lack of healthcare insurance, transportation, and
the cost of treatment [4]. In addition to addressing these SDH, there is a need to enhance
access to care and optimize treatment for these affected groups.
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While acknowledging the significant role of SDH, another systemic factor contribu-
tory to racial health disparities is race-based medicine resulting from the use of race as a
biological variable versus a social construct in clinical research [8,9]. Racial categories are
societal constructions based on the perceptions and interpretations of physical features and
attributes, which have no direct association with biological traits [10,11]. Evidence demon-
strates wide genetic variations within groups considered as racially homogenous [9,12,13].
Moreover, racial categories used in clinical studies are not consistent, and are typically
assigned based on participant’s self-identification, which is subjective. In addition, the
conventional racial categories used do not account for extensive racial admixture, as the
world progressively becomes a global village.

Findings from clinical trials using race as biological variable have been the basis for
the development of treatment guidelines and protocols, continue to undergird medical
education, and consequently inform treatment decisions in patient care in areas such as
cardiovascular and renal diseases [8,14]. Race-based medicine has also been shown to
perpetuate provider implicit bias towards patients from minoritized groups [15].

Given this precedence, PGx as an emerging area of science must proceed with caution
to avoid further contributing to racial health disparities. Sam, our patient, is from a minori-
tized racial group. His PGx testing results demonstrate potential benefit in optimizing his
treatment for better outcomes. However, there could be further benefit if there were more
PGx data representative of his ancestral origins.

3.2. PGx and Health Equity

PGx leverages the variation in human genome at both the individual and population
level to enhance the accuracy and precision of treatment [16]. Furthermore, populations
are categorized on the basis of shared ancestral origin versus self-reported “race” and
“ethnicity”. Most clinical research, including the National Institute of Health (NIH), rely
on race and ethnicity to describe patient demographic information. Electronic health
records are also limited to documented and self-reported race and ethnicity, which can
often be discordant from ancestry, causing discrepancies among genetic research stud-
ies [17]. Therefore, PGx research has advocated using biogeographical groups composed of
seven geographical boundaries based on ancestral pre-diaspora and pre-colonization, and
two admixed groups [18]. While biogeographical groups in PGx research have brought
an awareness of equitable language and the classification of genetic variation frequen-
cies, many PGx studies rely on self-reported methodology, which can be erroneous and
flawed [19]. Similarly, the large demographic geography of the biogeographical groups
can undermine subpopulation groups and regional differences that may differ vastly from
the defined biographical group [20]. This presents an opportunity to bridge the racial
gap in health outcomes by using biologic markers in genetics to ensure the delivery of
individualized care. A standard practice of identifying DNA-based genetic ancestry is a
critical next challenge in PGx research to promote equity.

Much like any new clinical implementation or change in standard of practice, the
research in PGx has served as the foundation to incorporating PGx into clinical practice.
While not unique to PGx research, the lack of equitable non-European representation in
PGx research has led to a call to action among the PGx community [21]. The clinical
evidence base for equitable genomic medicine is strengthened by increasing the diversity
of populations included in genetic analysis [22–24]. There are disparities in participation
of diverse groups in genomic studies, hence the predominance of persons of European
ancestry in these studies [25–28]. There are similar trends of lack of ancestral diversity in
PGx studies [29]. The lack of diversity in the study populations and thus dearth of genomic
information across under-represented groups, poses a limitation to the clinical application
of PGx information in therapies offered to these groups, thereby further exacerbating health
disparities. Consequently, the evidence-base for precision medicine may unintentionally
have greater benefit in individualizing treatment for persons who have shared common
ancestry with groups of European descent [26,30].
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Given the continuing challenges with lack of diversity in genomic studies, PGx present
an opportunity to leverage ancestral diversity, especially in minoritized groups to improve
a patients’ clinical outcomes. If an accurate and appropriate PGx test is utilized, PGx
has the opportunity to minimize the risk of adverse effects, optimize doses of medica-
tions, and reduce trial-and-error approaches to treatment, which is the goal of precision
medicine. Since many medications are developed and tested in clinical trials including
mainly populations of European ancestry, the standard dosing approach may not be appro-
priate in certain patients with genetic variants that predispose the individual to increased
or decreased medication exposure. With genetic variation frequencies differing in non-
European ancestries, utilizing PGx may be an approach to improve medication outcomes
in underserved patients.

Therefore, the push is to increase participation of under-represented groups in these
studies. The key to achieving this goal is an understanding of the factors driving the lack
of diversity in the populations of interest.

3.2.1. Advancing the Technology

Targeted genotyping remains the leading technology in clinical PGx research due
to cheaper costs and faster turnaround times than sequencing [31]. Targeted genotyping
uses a set list of predefined genetic variants, which can result in misinformed results in a
highly diverse patient population when the single nucleotide polymorphisms (SNPs) are
genotyped based on a homogenous population group.

To demonstrate the concept, if an individual does not have any genetic variants
from the targeted genotyping list, the individual gets assigned a “normal metabolizer”
by default. When the list of predefined genetic variants are predominantly developed
based on patients with European ancestry due to greater prevalence in research but then
applied to patients of non-European ancestry, it can have significant health consequences
due to potential misclassifications of their phenotype or metabolizer status. In the PGx and
warfarin algorithm studies, the patients of African ancestry are an unfortunate example of
inappropriate genotyping and misclassifying phenotype that resulted in higher INRs and
risk of bleeding compared to European ancestry patients when using PGx-guided dosing
algorithm [32–34].

There are challenges that can contribute to a lack of representation in designing and
validating genotyping assays, including the lack of diverse reference panels, that are well
described elsewhere [35]. The American College of Medical Genetics (ACMG) has curated
and reviewed the evidence in order to provide recommendations for laboratories to help
establish best practices [36]. In addition, the Association of Molecular Pathology (AMP)
has developed a PGx working group that publishes consensus statements on the variants
that should be evaluated on PGx genotyping assay panels or drug-based recommendations
(e.g., warfarin) to help promote standardization. Tier 1 includes the minimum alleles and
Tier 2 includes optional alleles that do not meet the criteria for Tier 1. The tier system is
structured to provide guidance and is not intended to be a restrictive list. AMP plans to
update the recommendations as new data or reference materials become available [37–42].

3.2.2. Factors Affecting Low Participation in Research Studies

The low participation of persons from racially minoritized populations in PGx studies
have been attributed to a variety of factors.

a. Lack of trustworthiness of the research community and healthcare system. A major
factor is the historical distrust, stemming from unethical medical practices that have
had adverse transgenerational effects on the health of these populations [43,44]. The
continuing experiences of systemic and interpersonal racism in the healthcare system
further undermines the trustworthiness of the medical research community and
healthcare system [45,46].

b. Lack of diversity in the research team and healthcare workforce. Racial concor-
dance in healthcare encounters has been associated with better patient–provider
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communication [46], higher likelihood of adherence to provider recommendations
for preventive services such as screenings [47,48], and higher patient satisfaction with
care [49], with some studies having reported better outcomes [50,51]. While there
are mixed results per health outcomes based on racial concordance [52], one thing is
clear: Persons from racial minoritized groups generally prefer providers with similar
racial and/or ethnic background and are often more likely to follow through with
recommendations when there is provider–patient concordance [53–55]. Likewise,
investigators in a clinical trial play a key role in the recruitment and retention of
study participants. Racial diversity in the research team increases social proximity to
potential research participants from under-represented groups, facilitates access to
hard-to-reach communities, and may make it easier to build rapport and trust [56].
Conversely, the lack of racial concordance can be a hindrance to participation by
minoritized groups. Persons from these groups may be hesitant to enroll in tri-
als if recruitment or referral is performed by personnel or providers of a different
racial/ethnic background.

c. Lack of referral by providers. Recruitment into PGx clinical studies is typically from
points of care (clinical settings) and often through provider referrals [57]. Studies have
reported an inadequate in provider knowledge of PGx, and a lack of understanding
of its potential to optimize treatment [58–60]. This may be a major barrier to referrals
for enrollment in studies or recommendations for genetic testing in general. There is
also evidence of provider implicit bias in referring patients from minoritized racial
groups to clinical trials [61,62]. Patients from minoritized racial groups are less likely
to be referred as providers may assume that they are distrustful of research and
therefore unwilling to participate. However, studies have shown that persons from
these groups are as likely as their white counterparts to participate if they receive
information regarding the study and its benefits and risks [63,64].

Sam’s willingness to have PGx testing is perhaps an indication that persons from mi-
noritized populations are not averse to genetic testing. Based on the results of his PGx
test, his MedXp with lack of effectiveness from citalopram was likely influenced by his
CYP2C19 rapid metabolizer status. If this information would have been available at the
time of prescribing, his citalopram dosing could have been adjusted or an alternative
medication could have been selected—potentially altering his MedXp. With adequate
patient education on the benefits and limitations of PGx with a dedicated PGx program
at Sam’s institution, the idea of improved treatment outcomes may have served as an
incentive for him to participate in a PGx study. However, willingness does not equate
access. How was Sam able to get his PGx test? Who ordered it? Who paid for it? Will all
of his providers know how to utilize his PGx results to improve his MedXp?

There is a cyclical nature to the intersection between PGx and health equity (Figure 2).
The individual experiences of minoritized persons have resulted in a lack of representation
in greater numbers as a cohort. This has unfortunately misinformed PGx research and
clinical application at times, that has led to significant health consequences and harm to
individuals who already face adverse SDH. These traumatic experiences, then restart the
cycle all over again. We must find ways to break the cycle and leverage PGx technology to
uplift individuals of non-European ancestry groups rather than unintentionally increase
the gap and create a further divide.
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3.3. PGx, MedXp, and Health Equity

Currently, there is an under-utilization of recommended guidelines for PGx testing
in conditions with well-established benefits, including those with potential to optimize
treatment, improve health outcomes and thus help close the racial disparities [25,65].
Again, there is inequitable utilization across groups [25,65]. This is attributable to various
factors including low genetic awareness and literacy, an inadequacy of knowledge among
providers, and the lack of access to testing.

3.3.1. Low Genetic Literacy/Lack of Awareness of Genetic Testing

There are disparities in the awareness of genetics and the relevance in medical di-
agnostics and treatment. In a population-based survey study, the awareness of genetic
testing in cancer treatment was associated with race/ethnicity, SES, gender, beliefs and
attitudes regarding cancer, and medical literacy [57,66]. Non-Hispanic white respondents
had significantly higher awareness of genetics compared to other racial/ethnic groups. In
another study by Tiner and Colleagues (2022), their findings demonstrated racial/ethnic-
and income-based disparities in awareness of genetic testing [67]. They report that His-
panic, and non-Hispanic Asians and non-Hispanic Black respondents were less likely to
be aware of or have received any type of genetic testing compared to non-Hispanic white
participants [67]. In another study by Krakow et al. (2017), genetic testing awareness also
differed by age, income, and race/ethnicity [68].

3.3.2. Lack of Awareness and Application of PGx

PGx has the potential for significant impact on medication safety and efficacy [69]
but currently has limited application in routine primary care due to the lack of awareness
among healthcare providers, including physicians and pharmacists [70–72]. With the
availability of direct-to-consumer genetic testing that does not require consultation with
a healthcare provider, there has been increasing public awareness of genetic testing [68].
However, public knowledge of the applicability of genetic testing in health appears to be
mostly with regard to its use in the determination of personal and hereditary disease risk,
and less so for individualizing treatment and optimizing the efficacy of medications [68].
The awareness of the benefits of PGx is even less so among minoritized racial groups.

3.3.3. Lack of Access to Testing

Achieving equity in adopting PGx as an integral part of routine clinical care requires
that all patients have access to genetic testing. Currently, in some instances, health insurance
plans will cover genetic tests if recommended by providers with justification. However,
reimbursement for tests ordered are not without challenges, including determining which
tests are beneficial and cost-effective. In addition, there is variation in coverage of genetic
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tests across health plans. Tests that may not be covered but recommended by providers to
optimize treatment leaving the patient with the option of paying out of pocket or not follow
the provider’s recommendation. Thus, access to PGx testing is often limited by the lack or
type of insurance, as well as income level. Again, racial/ethnic groups under-represented
in genomic studies are also less likely to have access to testing, as they are less likely to
have insurance coverage and more likely to be of low-income status.

Another barrier to testing is the fear of insurance discrimination. There is the fear
regarding privacy of data and the concern that the insurance entity could, on the basis of
genetic information uncovered by the test, deny coverage or charge higher premium based
on disease risk [73,74]. Such concerns are even more so for minoritized racial/ethnic groups
such as African Americans, who have historical episodes of the use of medical information
to perpetuate harm, intentionally [43,44]. A safeguard that has been put in place to address
this barrier includes the Genetic Information Non-discrimination Act (GINA), a federal law
that prohibits certain insurers from such discrimination [75]. Some states have also enacted
laws that add additional protections for patients in this regard [76]. A careful consideration
to minimize investigating genes related to inherited disease risk when selecting a clinical
PGx test is important to mitigate these concerns.

3.3.4. Ethical Considerations

Additional challenges to PGx testing are those associated with informed consent. Out-
side the confines of human subject research, the expectation is that PGx testing performed
in a clinical setting should be treated as any other routine blood test, especially when there
is empirical evidence supporting its use per specific treatment consideration. Typically,
providers discuss the indications and application of a blood test with patients, and receive
verbal consent to order the test. In contrast to most routine blood tests, PGx testing has the
potential to return non-PGx information that may have health implications for patients
and family members [65,77]. In ordering PGx tests, healthcare facilities should give careful
thought to the management of the risks and benefits of incidental findings. The information
to be collected and how it will be used should be explicitly spelt out and communicated
to the patient in the informed consent process. Providers must also be sufficiently knowl-
edgeable to respond to patients’ questions and concerns. Some states have legislation
requiring written consent for any genetic testing, regardless of the purpose [78]. How-
ever, Spector-Bagdady and colleagues (2018), in an analysis of state legislation regarding
informed consent, note that these laws tend to lack clarity and are not flexible enough to
accommodate the rapid evolution of genomic technology [79]. While mandating written
informed consent introduces further complexity to routinizing PGx testing in clinical care,
it affords a protective layer for patients, particularly those from populations historically
harmed by unethical conduct of medical research and medical practice [80].

As discussed, several factors are implicated in Sam’s access to PGx testing and conse-
quently its utilization in optimizing his treatment. Fortunately, Sam had access to PGx
testing through grant funding that focused on PGx in individuals with sickle cell disease.
Now that Sam is transitioning between health care facilities, the sickle cell patient-family
advocate has a critical role in assisting with this transition. Therefore, PGx education
should not only take place with Sam, but also with the health care team, including the
health advocate, so they can adequately support Sam’s MedXp by advocating that his
new providers become accustomed to using his PGx results. Considerations for these
factors and intentionally addressing those that are barriers, not only benefits Sam and his
MedXp, but also populations currently underrepresented in PGx.

4. Recommendations

There are many potential ideas and recommendations that are drawn from this discus-
sion to improve exploratory and clinical research in PGx to optimize and promote health
equity efforts. A few to highlight are as follows.
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Given the highly variable ancestry admixtures within racial/ethnic populations, there
is a need to have data representative of the whole population spectrum. While care-
ful consideration must be given to the inclusion of all racial/ethnic groups, it is criti-
cal that categorizations be made exclusively using genetically determined ancestry, not
race/ethnicity [81].

It is important to increase non-European ancestry-specific genome-wide association
studies (GWAS) studies to identify variants not seen in European ancestry [82]. To achieve
adequate representation in PGx studies and thus strengthen the evidence base for the use
of genomic data in optimizing therapies, more targeted efforts must be made to recruit par-
ticipants from under-represented groups. An effective recruitment approach is community
engagement, which helps build trust with under-represented and historically marginal-
ized communities and thus encourages participation [83]. Per the ethos of community
engagement, efforts should prioritize relationship-building and seek partnerships with
these communities at all phases of research, and not only at recruitment.

With the rapid growth in the field of PGx, it is important to consider the lessons
learned with previous clinical studies and ensure that race is not used as a proxy for clinical
decision making, which would further perpetuate health disparities. Rather than rely on
race/ethnicity as a differentiator, PGx research should adopt the standard practice of iden-
tifying DNA-based genetic ancestry as it moves towards the use of biogeographical groups
established based on ancestral pre-diaspora and pre-colonization, and admixture [18].
Global standardization based on biological variables will ensure that the clinical applica-
tion of PGx information is not race-based, but rather help determine where there might
be gaps per benefits for various racial groups. Policies and laws must continue to evolve
to provide protections against the discrimination and mishandling of genetically based
information regarding ancestry and PGx results.

Emphasis should be placed on provider education and training. Integrating PGx in
routine clinical care will require adequate provider training and education in interpretation
and implementation [72]. Given the ethical concerns around genomic information and its
use, providers also need to receive training on obtaining informed consent from patients
and the management of incidental non-PGx data. Appropriate protocols must be put in
place regarding the use of PGx data.

To address provider implicit bias in referrals and recommendations, requisite training
should not only address these biases, but seek to build cultural competency, which generally
refers to the ability of providers and healthcare entities to provide care to patients with
diverse values, beliefs and behaviors, including tailoring health care delivery to effectively
meet these patients’ sociocultural and linguistic needs [84].

Health policies should ensure equitable insurance coverage of PGx testing for all
patients regardless of socioeconomic status. Given that minoritized racial/ethnic groups
are more adversely affected by socioeconomic disparities [85], any inequity in access to
PGx testing, which includes cost, will further contribute to the racial health disparities that
persist in the US.

The trustworthiness of the medical community and researchers remains a barrier to
the engagement of minoritized racial groups in clinical research and genetic testing in
patient care. Efforts should be made to increase the diversity of the healthcare workforce
and ensure adequate representation among research investigators and other personnel.
This requires more broadly addressing inequities in education and associated cost that
result in under-representation in health professions [86,87].

If targeted genotyping is utilized for PGx testing, laboratories should consider the
best practices put forth by ACMG [36]. In addition, clinical PGx application should ensure
that the PGx laboratory includes Tier 1 and preferably Tier 2 allele recommendations put
forth by the AMP PGx working group if available for the gene(s) of interest [37–42]. Ideally,
the sequencing of pharmacogenes before medication therapy is required will become the
standard of care in order to minimize the clinical impact of slower turnaround time with
sequencing and mitigate health equity concerns with genotyping [88,89].
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Apply an equity lens. PGx research authors and publication reviewers should critically
examine the research cohort to identify missing genetic variants in the evaluation that are
known and may confound outcomes in non-European ancestry groups [90].

5. Conclusions

PGx is an effective tool in optimizing treatment and presents an opportunity to close
the racial health disparities that persist. However, the under-representation of minoritized
racial populations in PGx clinical studies and barriers to access in PGx testing in clinical
care are ongoing challenges to achieving health equity in this regard. Efforts should be
made to increase the enrollment of populations of non-European ancestry in clinical studies
to strengthen the evidence base for the use of genomic data in optimizing therapies in
these populations.
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