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Aim: To understand how attitudes toward pharmacogenomic (PGx) testing among healthcare providers
varies by specialty. Methods: Providers reported comfort ordering PGx testing and its perceived utility
on web-based surveys before and after genetics education. Primary quantitative analyses compared
primary care providers (PCPs) to specialty providers at both timepoints. Results: PCPs were more likely
than specialty care providers to rate PGx testing as useful at both timepoints. Education increased
comfort ordering PGx tests, with larger improvements among PCPs than specialty providers. Over 90%
of cardiology and internal medicine providers rated PGx testing as useful at pre- and post-education.
Conclusion: PCPs overwhelmingly perceive PGx to be useful, and provider education is particularly
effective for improving PCPs’ confidence. Education for all specialties will be essential to ensure
appropriate integration into routine practice.
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Allelic variation in genes associated with alterations in pharmacokinetics and pharmacodynamics can affect medi-
cation efficacy and risks of adverse drug responses [1]. Pharmacogenomic (PGx) testing detects these variations, and
has the potential to revolutionize patient care by allowing healthcare providers to anticipate patient responses to a
drug and guide medication choices and doses accordingly [2-6]. Evidence-based guidelines for over 100 drug-gene
interactions currently exist [7], with advances gradually emerging for an expanding number of medication classes
with relevance to an increasing number of specialties. PGx testing as a tool to improve patient care in all areas of
medicine is limited when providers are lacking in both educational resources and enthusiasm toward its uses.

Two factors that influence the willingness of providers to use PGx testing include attitudes toward and confidence
about using its results [8,9]. In particular, perceived usefulness and comfort with incorporating results into clinical
practice have both strong theoretical support and empirical evidence as predictors of genetic test utilization [10-13].
A study of cancer specialists, for example, showed that the likelihood they would discuss somatic mutation testing
findings depended on the assessed actionability of findings [14]. The same study also found that cancer specialists
were far more likely to order testing if they felt confident interpreting results [14]. It is likely that perceived usefulness
and comfort using genetics services will also influence whether healthcare providers adopt PGx testing in many
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The adoption of PGx testing by primary care providers (PCPs) is of particular importance [15]. PCPs are well
positioned to discuss, order and respond to PGx testing accordingly, as medication management falls within their
scope of clinical practice. Evidence suggests PCPs understand the clinical benefits of PGx tests and see themselves
as having primary responsibility for presenting them to patients and responding to findings [16]. However, they
often desire additional support to confidently communicate, respond to and utilize these results [5,6,17]. Educational
gaps remain a persistent barrier to PGx implementation, particularly among PCPs [9,18-21]. Medical schools are
increasingly incorporating PGx into their curricula [22], and provider genomics educational efforts have been
broadly successful at improving attitudes, confidence and knowledge [15,23,24]. A better understanding of the
impact of provider education on particular specialties may help improve curriculum development even further [24].

To address this gap in the literature, we performed a secondary analysis of data collected on the impact of our
system-wide genetics education program at Sanford Health (25). In prior work, we showed that Sanford Health’s 2-
year genetic education initiative improved providers’ perceived preparedness toward genomic testing and perceived
utility of PGx testing (26]. Here, we extended that work to examine how attitudes toward PGx testing vary by
specialty, as well as the impact of required education on those outcomes.

Materials & methods

Overview

Data were analyzed from evaluations of a 2-year genomics education program. Details about Sanford Health’s PGx
program and the genomics education program have been published previously (26-291. Briefly, PGx testing was
launched with robust clinical decision support (CDS) in 2014 as part of the Sanford Imagenetics (i.e., internal
medicine and genetics) initiative to reinforce responsible implementation of genetic testing into all aspects of clinical
care. Healthcare providers also had direct access to a team of PGx clinical pharmacists for consultation as desired.
Clinical pharmacists completed a comprehensive review outlining any guideline-based recommendations within a
note housed in the electronic medical record for any patient who completed PGx testing. To augment a vision of
greater use of genetics in all aspects of medicine, all Sanford Health physicians and advanced practice providers
(APPs) participated in a mandatory educational program from 2017 to 2019. The content of this program did
not vary for providers in different specialties or with different roles. Providers completed eight web-based modules
that included one titled, “The genetics of drug response’, and another titled, ‘Pharmacogenomics and patient care’.
Annual raises for physicians and APPs were contingent upon completion of modules, and providers were given 3
months to complete each successive module [26]. Internal medicine providers also completed an additional 20 hour
web-based education program titled, ‘Essentials of genomic medicine’ starting in 2014 [25]. Between 2102 and
2822 individuals completed each educational module [26].

Educational modules were developed to support the launch of the Sanford Chip program, an elective preemptive
screen available to adult primary care patients where all patients received PGx panel testing for eight genes
(Supplementary Table 1; later expanded [27]) and could opt into a medically actionable predisposition disease
screening portion [25]. All PGx test results were compared against existing medication lists within a patient’s medical
record to identify drug-gene interactions which may have warranted medication changes. In addition, results
were stored in patients’ medical records and activated automated CDS to alert healthcare providers about potential
drug-gene or drug—gene—disease interactions at the time of a medication order [27-29] .

Survey data about provider characteristics, attitudes & confidence

Prior to the start of education and again after the educational program had concluded, providers completed surveys.
Survey completion was optional and not incentivized. Provider characteristics were self-reported and included age
in 10-year increments, gender, clinical specialty, clinical role, years out of residency, medical school training (US
based or not) and the setting of their residency (university based, hospital based, other).

Herein, we focus on provider comfort in PGx test ordering, assessed by asking providers to respond to the
statement, "I feel comfortable ordering a pharmacogenetic test to predict risk of adverse events or likelihood of response
(e.g., CYP2C9/VKORCI and warfarin therapy)". Response options to this item were ‘strongly disagree’, ‘disagree’,
‘agree’ and ‘strongly agree’. Perceived utility of PGx testing was also assessed by asking providers to respond to
the statement, "and how useful do you think pharmacogenetic results would be for managing your patient’s health?".
Response options included ‘not at all useful’, ‘not very useful’, ‘somewhat useful’” and ‘very useful’.
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Categorization of provider groups

At pre-education, respondents could endorse multiple primary specialties (although no physician or APP did so)
and write in others. At post-education, respondents could choose a single response option and write in others. The
study team categorized providers into two groups according to whether they classified themselves as a PCP (internal
medicine or family medicine) or a specialty care provider (any other specialty). Providers in multiple specialties per
their structured and unstructured responses were categorized in all reported specialties.

Data analysis

Available case analyses on de-identified data were limited to physicians and APPs (physician’s assistants and nurse
practitioners), given that the education program was mandatory for these provider types. Chi-square and Wilcoxon
rank sum tests were used to compare the characteristics of the respondents in each provider group separately
for the pre- and post-education assessments. Analyses that examined how comfort and perceived utility differed
between provider groups used logistic regression models rather than ordinal logistic regression to avoid assuming
proportional odds where the impact of independent variables is consistent for each increase in level (e.g., assuming
that the odds ratio [OR] that a PCP will respond ‘agree’ rather than ‘disagree’ compared with a non-PCP is the
same as the OR that a PCP will respond ‘strongly agree’ rather than ‘agree’ compared with a non-PCP). To simplify
these models, responses to the comfort ordering PGx test item were dichotomized into ‘agree’ or ‘disagree’, and
responses for the perceived utility of PGx testing item were dichotomized to compare responses of ‘somewhat
useful” and ‘very useful’ against ‘not at all useful’ and ‘not very useful’. The statistical model to compare PCPs and
specialty care providers included pre- and post-education data. Models were adjusted for provider characteristics to
minimize risks for confounding, with covariates that were based on the prior published approach [26] and included
age, gender, provider type (physician or APP), survey timepoint (pre- or post-education) and an interaction term for
provider type and survey timepoint. Interaction terms were included based on prior analyses that showed statistical
significance [26) and model comparisons that showed that they improved model precision in analyses of comfort
ordering PGx tests (p < 0.001 per likelihood ratio tests). We included interaction terms in analyses of perceived
usefulness to maintain consistency in our analytic approach, although their inclusion did not improve the precision
of the model (p = 0.163). Analyses that examined whether the impact of education differed between provider care
groups were conducted using logistic regression models that included an interaction term for provider groups and
survey timepoints. Secondary analyses used the same approach to examine particular specialties with at least 25
survey respondents at pre- and post-education. These models also included terms age, gender, role, provider type
(physician or APP), survey timepoint (pre- or post-education), an interaction term for provider type and survey
timepoint, and interaction terms for specialties and survey timepoint. Given trends in primary analyses, we also
conducted exploratory analyses where age was changed to a dichotomous variable to compare respondents over and
under the age of 50 years.

Complete case analyses were conducted using R version 4.2.1 (R Foundation for Statistical Computing).
Responses from 28 providers at pre-education and 182 providers at post-education were omitted because they did
not report their specialty. Statistical significance was set at p = 0.05. This research project was deemed exempt from
human subjects research by the Sanford Health Research Institutional Review Board.

Results

Data from 1002 physicians and 638 APPs who completed the pre-education assessment and 578 physicians and
395 APPs who completed the post-education assessment were analyzed. Characteristics of healthcare providers
included in analyses are summarized in Table 1. Survey completion rates were 81.8% at pre-education and 50.9%
at post-education, as noted previously [26]. 510 providers at pre-education and 344 providers at post-education
were classified as practicing in primary care (31.1% and 35.4%, respectively) (Supplementary Table 2).

No differences were observed in the percentage of providers who reported feeling comfortable ordering PGx
tests when comparing PCPs and specialists at pre-education (18.5 and 18.1%, respectively; p = 0.82). A greater
percentage of both PCPs and specialists reported feeling comfortable ordering PGx tests at post-education (67.6 and
55.8%, respectively; p < 0.001), with the increase being larger for PCPs (interaction between specialty [PCP vs
specialist] and timepoint; p = 0.017) (Figure 1 & Supplementary Table 3). Analyses also showed that male providers
were more likely than female providers to report comfort with ordering PGx tests across timepoints (OR: 1.27;
p = 0.029). We observed notable differences between specific specialties (Figure 2). At pre-education, oncology,
cardiology and internal medicine providers were most likely to report comfort ordering PGx tests (39.7, 38.5 and
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Table 1. Characteristics of healthcare providers included in analyses?.

Characteristics Pre-education (n = 1640) Post-education (n = 973)
Specialty
Primary care 510 (31.1%) 344 (35.4%)
Specialist 1130 (68.9%) 629 (64.6%)
Role
Physician 1002 (61.1%) 578 (59.4%)
Advanced practice provider 638 (38.9%) 395 (40.6%)
Age, years
<30 96 (5.9%) 44 (4.5%)
30-39 599 (36.5%) 292 (30.0%)
40-49 409 (24.9%) 247 (25.4%)
50-59 291 (17.7%) 205 (21.1%)
60-69 210 (12.8%) 165 (17.0%)
70+ 35 (2.1%) 20 (2.1%)
Gender
Female 856 (52.2%) 530 (54.5%)
Male 784 (47.8%) 443 (45.5%)

Years out of residency*

<5 years 280 (27.9%) 95 (16.4%)
5-9 years 201 (20.1%) 107 (18.5%)
10-14 years 134 (13.4%) 79 (13.7%)
15-19 years 127 (12.7%) 68 (11.8%)
20+ years 260 (25.9%) 229 (39.6%)
Specialty

Anesthesiology 105 (6.4%) 28 (2.9%)
Cardiology 40 (2.4%) 36 (3.7%)
Emergency medicine 56 (3.4%) 32(3.3%)
Family medicine 377 (23.0%) 258 (26.5%)
Internal medicine 133 (8.1%) 86 (8.8%)
Obstetrics/gynecology 75 (4.6%) 41 (4.2%)
Oncology 56 (3.4%) 29 (3.0%)
Orthopedics 85 (5.2%) 45 (4.6%)
Pediatrics 156 (9.5%) 96 (9.9%)
Psychiatry/behavioral health 36 (2.2%) 28 (2.9%)
Radiology 46 (2.8%) 45 (4.6%)
Surgery 113 (6.9%) 69 (7.1%)

Only specialties with more than 25 providers at both the pre- or post-education timepoints are summarized here. Specialties with less than 25 providers at the pre- or post-education
timepoints are summarized in supplemental materials (Supplementary Table 2).

T Specialties with less than 25 providers at the pre- or post-education timepoints are summarized in supplemental materials (Supplementary Table 2).

*Restricted to providers who identified as physicians.

33.8%, respectively), while emergency medicine and anesthesiology providers were least likely to report comfort
(7.3 and 8.1%, respectively). The largest increases in the likelihood of reporting comfort after education were
observed among providers specializing in family medicine (from 12.3 to 67.4%; p < 0.001), anesthesiology
(from 8.1 to 60.2%; p = 0.013) and emergency medicine (from 7.3 to 56.3%; p = 0.032). Exploratory analyses that
compared providers over and under the age of 50 years showed no differences (p = 0.58) (Supplementary Figure 1).

Analyses of the perceived utility of PGx tests showed that providers in primary care were more likely to rate PGx
testing as somewhat or very useful more often than providers in other specialties (89.6 vs 77.5% at pre-education,
respectively; 95.1 vs 84.3% at post-education, respectively; both p < 0.001) (Figure 3 & Supplementary Table 4).
Changes from pre- to post-education did not vary between primary care and specialty providers (p for differences
by timepoint by specialty = 0.25). Analyses also showed that male providers were less likely than female providers
to rate PGx testing as somewhat or very useful across timepoints (OR: 0.69; p = 0.003). We observed notable
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Figure 1. Comfort ordering a pharmacogenomic test, primary care and specialists. Providers responded to the
statement, “I feel comfortable ordering a pharmacogenetic test to predict risk of adverse events or likelihood of
response (e.g., CYP2C9/VKORCT1 and warfarin therapy)”. Percentages responding ‘agree’ or ‘strongly agree’ were
adjusted for respondents’ role, age and gender. Error bars represent 95% Cls.

Cl: Confidence interval; PGx: Pharmacogenomic.

differences between specific specialties (Figure 4). Providers in cardiology were most likely to rate PGx testing
as somewhat or very useful at both the pre- and post-education timepoints. In fact, all cardiology providers at
pre-education and all but one cardiology provider at post-education rated PGx testing as somewhat or very useful.
Emergency medicine providers were least likely to rate PGx testing as somewhat or very useful at both timepoints.
At post-education, over 70% of respondents from all specialties except emergency medicine rated PGx testing as
somewhat or very useful, and over half of cardiology, internal medicine and family medicine providers rated PGx
testing as very useful.

Discussion

With the utility and scope of PGx testing rapidly increasing, it is critical for healthcare providers of all specialties
to be receptive and prepared to order and respond to test results. In this report, we summarize how healthcare
providers’ comfort toward PGx testing and beliefs about its utility vary by specialty. Prior to education, perceptions
about the utility of PGx testing were high across specialties, particularly in primary care, but comfort with ordering
PGx testing was low across specialties. Education greatly improved comfort ordering PGx testing across specialties,
with proportionally larger improvements among primary family medicine specialists. Findings complement our
prior-reported results by highlighting how a provider education program developed with a goal of moving genetic
medicine into primary care was particularly influential for PCPs.

As PGx guidelines continue to expand and improve, it is becoming increasingly clear that PGx testing will grow
ever more pertinent to PCPs. A high percentage of medications impacted by Sanford Health’s PGx program are
prescribed by PCPs. It is possible that the incremental impact of education on PCPs’ comfort after education reflects
greater relevance of the curriculum to their practices. The Sanford PGx panel has expanded substantially since its
introduction of a four gene panel in 2014, expanding its clinical applications across specialties. It is possible that
when assessed by clinical subspecialties there would be an insignificant increase in comfort or usefulness because
these providers were utilizing PGx testing in clinic well before the educational rollout. This relevance is only likely
to grow, as Clinical Pharmacogenetics Implementation Consortium guidelines in development address drug—gene
interactions for beta blockers and antipsychotic medications, both of which are likely to be managed by PCPs [30].
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Figure 2. Comfort ordering a pharmacogenomic test, by specialty and timepoint. Providers responded to the
statement, ”I feel comfortable ordering a pharmacogenetic test to predict risk of adverse events or likelihood of
response (e.g., CYP2C9/VKORC1 and warfarin therapy)”. Percentages responding ‘agree’ or ‘strongly agree’ were
adjusted for respondents’ role, age and gender.

OB/GYN: Obstetrics/gynecology; PGx: Pharmacogenomic.

Additionally, providers in most specialties are likely to need to respond to PGx test results for medications prescribed
by other providers [31,32]. Moreover, PCPs are likely to need to manage PGx results for testing that patients received
from outside of clinical settings, including large research studies such as the All of Us Research Program [33]. Given
how PGx applications in primary care will only continue to increase, educational efforts like ours at Sanford Health
will be increasingly critical.

More granular analyses by specialty presented additional findings of note. Prior to education, cardiology providers
expressed greater comfort with ordering PGx testing than other specialty groups. Findings likely reflect how initial
PGx options at Sanford Health, including PGx panel tests, had strong early implications for cardiology care. PGx
CDS to help guide antiplatelet therapy were implemented in some clinics as early as 2014 and expanded in 2015
to address drug—gene interactions associated with statin orders and anticoagulation management [27]. In addition,
growing evidence from clinical trials, including work in which Sanford Health participated, demonstrated clinical
benefits of PGx testing in patients with acute coronary syndromes [34-36]. For these reasons, it is likely that cardiology
providers were early adopters of PGx testing at Sanford Health and often familiar with how to order and manage
PGx testing prior to the mandatory provider education program.

Internal medicine providers also had stronger perceptions than specialty providers about the utility of PGx testing
prior to the provider education program. Multiple internal medicine providers were engaged in the development
of the Imagenetics initiative in 2014 and subsequent planning of the PGx program [25]. They also completed
a lengthy web-based lecture series as early as 2014 [25], and internal medicine physicians served as physician
champions for the Imagenetics initiative within their clinics prior to the required education rollout. It is likely
that this engagement contributed to the positive perceptions about the utility of PGx testing and higher comfort
ordering PGx testing at pre-education. This conjecture is supported by evidence from providers in anesthesiology,
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Figure 3. Perceived usefulness of pharmacogenomic testing, primary care versus specialists. Providers responded to
the question, “How useful do you think pharmacogenetic results would be for managing your patient’s

health?”. Percentages responding ‘somewhat useful’ or ‘very useful’ were adjusted for respondents’ role, age and
gender. Error bars represent 95% Cls.

Cl: Confidence interval; PGx: Pharmacogenomic.

where the likelihood of reporting comfort with ordering PGx testing increased from 8.1% pre-education to 60.2%
post-education. Specialists in anesthesiology collaborated with the PGx team for curation of CDS for drug—gene
interactions associated with malignant hyperthermia in 2018 (29, after the pre-education assessment but prior to
the post-education assessment. Our findings highlight possible benefits of engaging providers in the development
of genetics education programs and ensuring educational content and CDS are tailored to the needs of specific
specialties.

We also note that specialists in cardiology, psychiatry, surgery and emergency medicine were less likely to rate PGx
testing as very useful at post-education than at pre-education. Although differences between timepoints for these
two specialties were not statistically significant, it is notable that some of the most common PGx and high-profile
applications exist in these clinics. It is possible that, with experience, providers found ordering PGx testing to be
more challenging or that results had less of an impact on patient management than providers originally anticipated.
It is also possible that the increase in PGx testing has increased the number of CDS alerts that providers encounter,
leading to ‘alert fatigue’ [37-39). With this last concern in mind, Sanford has begun to implement ‘non-interruptive
alerts’ that warn ordering providers about drug—gene interactions but do not require providers to acknowledge
them when consequences for patients are not severe [40].

Lastly, our analyses also showed interesting demographic differences. Male providers felt more comfortable
ordering PGx tests, but were less likely to rate them as useful. These differences were not observed in prior analyses
that examined comfort of perceived preparedness [26]. It is possible that these patterns reflect general patterns in
healthcare and genetics, where male providers tend to be more assertive than women [41] while women tend to be
more interested in genetic testing [42]. Observations about older providers being more likely to report utility to PGx
testing could reflect observations of experienced providers who may have more examples about how genetic testing
has changed the way they manage their patients.
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Figure 4. Perceived usefulness of pharmacogenomic testing, by specialty and timepoint. Providers responded to the
question, “How useful do you think pharmacogenetic results would be for managing your patient’s health?”.
Percentages responding ‘very useful’ or ‘somewhat useful’ were adjusted for respondents’, role, age and gender.
OB/GYN: Obstetrics/gynecology; PGx: Pharmacogenomic.

Limitations

These secondary analyses utilized anonymous data and did not allow for change assessment from pre- to post-
education for specific individuals. It is possible that providers with more favorable attitudes overall toward PGx
testing were more likely to complete the post-education assessment. All APPs within the Sanford Health System
were required to complete the 2-year genomics education course as part of continuing education, which may have
had an influence on participants’ responses to be more favorable or biased toward PGx testing. As such, a smaller
percentage of providers completed the post-education survey than completed the pre-education survey, possibly
because many thought the pre-education survey was mandatory and learned that the post-education survey was
not. Survey items about comfort and perceived usefulness were not validated prior to use, and respondents may
not have interpreted questions as intended. Changes from pre- to post-education in the format of the question
about providers’ primary specialty may have affected how providers responded. Furthermore, our approach to
analyses omitted potential interaction effects between provider specialties and other demographic and practice
characteristics. Additionally, these modules were administered in one healthcare system that provided CDS and
clinical pharmacy consultations, and therefore may not be generalizable to other hospital systems, particularly those
that are lacking the infrastructure to support providers as they work to implement genomics into clinical care. The
CDS provided by Sanford Imagenetics was not considered during analysis. The use of logistic regression to analyze
outcomes increased the possibility of false negative findings.

Conclusion

With the applications of PGx testing rapidly evolving, it is likely that PGx education will become increasingly
relevant to providers of all clinical specialties. As testing panels expand and new drug—gene relationships emerge, the
vast majority of providers are likely to prescribe medications with available PGx guidance. Whether providers take
advantage of these opportunities is likely to depend on their comfort with ordering PGx tests and their perceptions
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of its utility for their patients. Overall, our findings demonstrate high perceptions of utility across specialty, and
show how education can have a particularly significant impact on PCPs comfort ordering PGx testing. These
results are encouraging, and support the notion that with institutional support, providers of all clinical specialties
can implement PGx testing into their clinical practice.

Summary points

e Regardless of specialty, provider confidence to order pharmacogenomic (PGx) testing prior to education was low,
but increased after education, with larger improvements among primary care providers (from 18.5 to 67.6%)
than specialty care providers (from 18.1 to 55.8%).

e Primary care providers were more likely to rate PGx testing as useful compared with specialty providers (89.6 vs
77.5% at pre-education; 95.1 vs 84.3% at post-education; both p < 0.001).

e Over 95% of cardiology and internal medicine providers rated PGx testing as useful at both timepoints, with an
increase in reported comfort from 35% (pre-education) to over 60% (post-education).

e For PGx testing to expand across specialties, provider education is essential to its appropriate integration into
clinical care.
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