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Historically, medical geneticists and genetic counselors have
provided the majority of genetic services. Advances in technology,
reduction in testing costs, and increased public awareness have led
to a growing demand for genetic services in both clinical and direct-
to-consumer spaces. Recent and anticipated changes in the
workforce of genetic counselors and medical geneticists require a
reexamination of the way we educate health-care providers and the
means by which we provide access to genetic services. The time is
ripe for rapid growth of genetic and genomic services, but to
capitalize on these opportunities, we need to consider a variety of
educational mechanisms to reach providers both within and

beyond the traditional genetic counseling and medical genetics
sectors, including nurses, physician assistants, and nongenetics
physicians. This article summarizes the educational efforts under-
way in each of these professions.
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INTRODUCTION
In 2011, the Secretary’s Advisory Committee on Genetics,
Health, and Society issued a statement indicating that the
United States had inadequate genetics education of health-
care professionals, that it was inadequate in both amount and
type, and that modifications were needed in training across
multiple medical specialties to ensure that health-care
professionals entering the workforce are well-trained in
genetics.1 Since this statement, advances in technology,
reduction in testing costs, and increased public awareness
have led to a growing demand for genetic services. On
average, approximately ten new genetic testing products enter
the market every day.2 In April 2017, the FDA began granting
approval of the first direct-to-consumer tests that provide
genetic risk information for certain conditions,3 and in
October 2018, 23andMe received authorization to offer
reports to customers on pharmacogenetics.4

Historically, medical geneticists and genetic counselors have
provided the majority of genetic services. Yet, the current and
projected workforce of genetic counselors and medical
geneticists are not adequate to meet the growing demand
for genetic services. This paper describes the current
landscape of genomic education for genetic counselors,

medical geneticists, nongenetics physicians, nurses, and
physician assistants; differentiates the variables impacting
the future of genetic service delivery; and encourages readers
to apply the knowledge gained to personally contribute to the
genomic education of health-care providers and thus to
growth and access of genetic services. While the scope of this
article is limited to the five groups listed above, the authors
acknowledge the important role of other clinical and scientific
partners in this endeavor.

GENETIC COUNSELORS
As of this writing, there are over 4000 certified genetic
counselors in the United States.5 Although the genetic
counselor workforce has grown by 88% in the past 10 years,
a 2016 supply and demand report confirmed that the United
States was experiencing a shortage of genetic counselors
engaged in direct patient care.6 Based on the identified gap,
the Genetic Counselor Workforce Working Group
(GCWFWG) was established in 2013 with representation
from the National Society of Genetic Counselors (NSGC), the
Accreditation Council for Genetic Counseling (ACGC), the
Association of Genetic Counseling Program Directors
(AGCPD), and the American Board of Genetic Counseling
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(ABGC), with the American Society of Human Genetics
(ASHG) joining in 2016. The GCWFWG identified existing
barriers to expansion of the genetic counselor workforce and
created the 2017–2019 Workforce Strategic Plan with
actionable strategies to address these barriers. The Strategic
Plan includes three primary areas of focus (genetic counselor
training, clinical supervisors, and public awareness/value), as
well as a roadmap that aligns each intended outcome with the
skills and resources of the member organizations.7

AGCPD is addressing the workforce by increasing the
number of training programs and expanding existing
programs, all while ensuring the maintenance of quality and
rigor. The number of accredited programs in North America
has grown by 31% in the past two years compared with a
much slower expansion of approximately 10% over the
preceding decade.8 In addition, there are at least another 16
programs in development,8 indicating a growth potential of
35%. Meanwhile, the number of training slots has doubled
over the past 10 years, with an 18% increase in 2017 alone
(unpublished data, AGCPD, 2018).
In addition to the efforts of AGCPD, ACGC is continuously

evaluating best practices in accreditation and evaluation, as
well as the structures available to support a growing number of
programs. For example, the Clinical Training Assessment
Taskforce was formed to explore how other health professions
evaluate trainees’ achievement of clinical competencies and to
consider competency-based assessment guidelines for the
clinical training of genetic counseling students. ACGC also
has a Standards Committee, which conducted a survey of
genetic counselor education stakeholders in January 2018 to
adapt training standards to reflect current practice. This data
was analyzed and incorporated, with final revisions of the
Standards of Accreditation anticipated during summer 2019.9

Notably, a proposed change to the Standards is to eliminate
the position of the Medical Director in GC program leader-
ship. This change would not be at the expense of having
experienced providers and educators in leadership roles for
genetic counseling programs, as those skills would still be
required of Master's in Genetic Counseling–trained program
directors, with a minimum of six years of professional genetic
counselor experience, course administration, and supervision
and assessment experience. Rather, this reflects the difficulty in
securing protected time from medical geneticists for these
roles when there is an acute shortage of these providers in
general. Until the workforce can be increased, genetic
counseling programs should identify an affiliated clinical
geneticist who at minimum can serve on their curriculum
committee. In addition to the didactic needs that these
individuals would address, professional education requires
clinical rotations supervised by genetics experts. Clinical
genetics professional societies might identify clinical genetics
sites that do not yet take trainees on a regular basis or identify
expert clinical geneticists willing to serve remotely to respond
to difficult diagnostic or management questions. Some form of
academic recognition or consultant reimbursement would be
required for these remote services and away rotations.

Meanwhile, ABGC has their own efforts underway focused
on credentialing. In 2015, ABGC formed the Examination
Eligibility Taskforce (EETF), which was charged with
evaluating the exam eligibility requirements and looking into
expanding eligibility through additional pathways. The
EETF’s 2016 report contained seven recommendations, one
of which was to develop a pathway for internationally trained
genetic counselors who are recognized or certified by an
agency approved by ABGC (e.g., European Board of Medical
Genetics, Human Genetics Society of Australasia) to sit for
the examination. The rollout of this new pathway began in
January 2018.5

While these groups are expanding training programs and
counselor pipelines, the individual training programs are
updating their curricula to ensure that students are being
prepared for the future. Results from the 2018 NSGC
Professional Status Survey indicate that 25% of respondents
work in nondirect patient care positions, such as research,
industry, laboratory support, business development, market-
ing, consulting, clinical coordination, supervision, public
health, public policy, and advocacy. In addition, 32% of
respondents reported working remotely, either some or all of
the time.10 Therefore, programs are including more training
in emerging markets, as well as alternative service delivery
models, such as telephone and video-based counseling. To
maximize flexibility and resources, programs are also
incorporating more innovative training strategies, such as
utilizing standardized patients, creating remote training
opportunities, developing interprofessional educational activ-
ities, providing blended and distance learning, and integrating
creative models of supervision.11

In addition to supporting the efforts discussed above, NSGC
also advocates for state licensure for genetic counselors, with
26 states having passed licensure bills, and for federal
legislation that would allow the Centers for Medicare and
Medicaid Services (CMS) to recognize genetic counselors as
providers, thus allowing genetic counselors to bill CMS for
genetic counseling services. Genetic counselors are often
considered to provide a cost-saving service in that they help to
identify patient concerns and issues unique to genetic and
inherited conditions. Additionally, genetic counselors are able
to identify the correct test based on personal and family
history, thereby helping to minimize unnecessary testing.
Therefore, recognition as a CMS provider is anticipated to
result in quality anticipatory care for patients with a genetic
contribution to disease. The value-added service is expected to
result in increased reimbursement for genetic counseling
services across insurance providers. NSGC is also expanding
collaborations with other clinical partners. For example,
several nursing and physician organizations have reached out
to NSGC requesting participation in their creation of genetics
certification and educational programs (personal commu-
nication, NSGC, 2018). While participation does not imply
endorsement, these invitations address the issue of access and
the idea that all genetic service providers share a
common goal.
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MEDICAL GENETICISTS
For physician residency programs for genetic services, the
workforce challenges are daunting.12 There is increasing
recognition that understanding the genetic basis of disease is
essential to best care, and yet historically many patients with
genetic conditions have not been evaluated by a provider with
expertise in genetics due to barriers such as geographic
distance, long wait times, inadequate insurance coverage, and
ineffective triage and referral systems.13 At this time, there are
approximately 1583 board-certified geneticists in the United
States,14 which represents approximately 0.1% of practicing
physicians. On average a geneticist sees 1350 patient visits per
year.15 This would provide up to 1.35 million encounters per
year, while the estimated need is up to 3 million encounters
per year based on the prevalence of rare disorders.16 This gap
in accessible genetics services has increased wait times, with
more than 30% of geneticists responding to a 2015 survey
reporting new patient, nonemergency wait times of more than
three months, compared with only 10% of respondents to a
similar survey in 2005. In addition, 62% of geneticists
reported that their practices were nearly full, with 9%
indicating that they were not accepting new patients, in
comparison to only 5% of geneticists reporting full practices
in 2005.13 In March 2018 there were 184 postings for “clinical
geneticist” positions listed on the ACMG website jobs
board,17 and yet the expected number of graduates in 2019
and 2020 is anticipated to be 45 and 37, respectively.18 There
is clearly a critical need for more well-qualified providers in
the short term and for a strategic plan to increase the capacity
to attract and train new generations of providers.
It is ironic that the supply of new practitioners is critically

low at a time when the knowledge base and tools used in the
field are accelerating discovery and enhancing our ability to
both establish diagnoses and treat patients with genetic
conditions. The training for a physician geneticist has
traditionally included a residency in a primary care field
(most commonly pediatrics, internal medicine, and obstetrics/
gynecology) followed by a second residency in genetics that
was often referred to as a fellowship. This took at least 5 years
after graduation from medical school. More recently there has
been increasing interest in combined programs (pediatrics/
genetics, maternal–fetal medicine/genetics, or internal med-
icine/genetics), which have recently been reduced from 5-year
to 4-year programs in an attempt to attract more trainees. The
percentage of trainees in the combined programs has
increased in the past several years to approximately 30%
(ref. 18). However, the hoped-for increase in total applicants
has not materialized. In 2017–2018, a total of 83 training
positions were posted including both the traditional catego-
rical pathway and combined programs, but only 37 positions
(45%) were filled.18 Becoming a board-certified geneticist
requires a longer period of training than a pediatrician or
internal medicine specialist, but the income potential is
decreased with the added training.19 The discrepancies in
income will need to be addressed, but that is likely to require
action from the national organizations.

One key challenge in increasing interest in clinical genetics
is that under current billing regulations, geneticists rarely
generate enough revenue to cover the cost of their employ-
ment. Adjusting billing/compensation practices to allow
providers of genetic services to generate profit or break even
would allow for increased hiring when needed. This is a
challenge that affects all providers of genetic services. Both the
ACMG and NSGC have committees working on improving
coverage for genetic services; these groups should work
together and include other fields with a vested interest in
genetics to maximize impact of requests for improved
coverage. Successful negotiation will also require collecting
data demonstrating the value of genetic services in improving
health outcomes.
In terms of recruitment into the specialty, the reasons for

the lack of applicants are not well documented, but several
factors within medical training and current medical genetics
practices have been suggested. As will be outlined below,
exposure to didactic genetics content in medical school,
especially during the clinical years, is limited.20 Even among
trainees who choose to specialize in medical genetics, 32%
have not had a medical genetics elective prior to entering the
medical genetics residency.12 To change students’ exposure to
genetics in medical training, genetics professionals must
increase their involvement in care management of multi-
system genetic conditions (e.g., increasing outpatient clinic
slots for follow-up management, admitting genetics patients
to genetics service, participating in inpatient daily rounds for
patients with genetic disorders who are not on genetics
service, and formalizing a role in patient-centered medical
homes for patients with genetic disorders.21 At the time of this
writing, a search for clinical care on the ACMG or ASHG
websites returned information only for diagnostic testing.
There is essentially no description of a role in management
once a diagnosis is established, nor is there an indication that
monitoring, interventions, or management of genetic syn-
dromes impact the outcome for affected patients.17,22

Transitioning from a focus on diagnosis to a focus on
providing care guided by natural history or molecular
pathology revealed by an accurate diagnosis will build
evidence for improved outcomes related to medical genetics
practice and will also increase visibility among trainees in
these settings on their required rotations. The impact of this
approach would be greatly increased if a national data
repository that facilitates registry-based studies for genetic
conditions was created. This type of large-scale outcome data
is particularly important for the rarest condtions.
Because most medical students anticipate a career with

direct involvement in improving outcomes, the role of genetic
medicine in direct patient care needs to be emphasized during
medical school and residency training for all physicians and
specialties. Medical geneticists could also look for more
targeted opportunities to mentor those interested in genetics
to ensure that potential trainees appreciate the fascinating and
dynamic qualities of this field. Lastly, rather than perpetuating
the idea that genetic testing is scary and/or dangerous, the
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genetics community would benefit from focusing their
message on real examples of how diagnostic testing has
changed treatment and outcomes and how predisposition
testing has led to successful anticipatory management using
detection of previously unrecognized yet treatable disease. In
combination with ACMG and ASHG’s existing outreach
activities designed to increase awareness of and interest in
genetics, additional initiatives such as the ones described
above could create the culture change that is necessary to
establish a sustainable workforce of medical geneticists.
With the current shortage of clinical geneticists there is a

clear challenge because the already stressed providers will
need to be engaged in any of the potential solutions.
Optimizing efficiency with increased use of telehealth or
other models to increase access to providers, and developing
strong collaborations with nongeneticists who are interested
in genetics, can facilitate application of genetic information in
spite of currently limited numbers of providers. In addition,
there are some recent efforts to integrate links to management
guidelines in electronic medical records to help access current
standards.23 This simplified access to current management
recommendations could greatly facilitate improved care and
decrease the time required from a limited number of
providers.

NONGENETICS PHYSICIANS
Given the demonstrated dearth of genetic specialists both
practicing as physicians and in the residency pipeline, the
need to improve recruitment into the specialty is acute. Even
if the existing training pathways were to fill to capacity, the
current pipeline is inadequate to meet the expected need.
Furthermore, given the scarcity of clinical geneticists in
practice, trainees are not gaining meaningful exposure to role
models in the field during their medical training. Genetic
technology is developing at such an incredible pace that
advances in genome sequencing technologies dwarf compar-
isons with Moore’s law (which describes the pace of
innovations in computing power).24 In this context, it is
challenging to imagine that nonspecialists outside of full-time
training programs will be able to keep up with the full extent
of these developments in genetics and genomics. As such, the
training paradigms for medical students take on increased
significance, since medical students are considering whether
their career paths might include specialization in medical
genetics during their MD studies.
When considering the factors that may impact tracking of

medical students into medical genetics residency programs, it
is important to consider how the curriculum is designed with
respect to its medical genetics content. Although medical
school curricula take on many unique structures, certain
common elements can be used to describe curricular design.
For instance, medical schools frequently have preclinical and
clinical phases of education; while there is some intermingling
of these phases, it tends to be more heavily preclinical in the
early stages of training, and more focused on clinical practice
during the later stages of training. In this context, it is

troubling to note that the majority (75%) of formal exposure
to genetics content in medical school curricula comes in the
first year of medical school,20 at a time that is frequently
perceived by trainees as focused on basic science content with
limited relevance to clinical practice. Similarly, it was found
that only 26% of respondents had any medical genetics
content placed in the clinical years of training.20 To address
this gap, developing educational tools to demonstrate the
clinical application of genetics would be very helpful, and
there are abundant examples available. The major hurdle for
this is protecting time for the clinicians who currently provide
this type of care for educational activities. Fortunately,
nongeneticists who have an interest in genetics can actively
participate in addressing this need, as can genetic counselors
and other providers who see patients with genetic diseases.
Another key aspect of medical curricular design is the

identity of the content as presented to the trainees. This can
be traced back to whether courses are offered in a more
traditional discipline-based curriculum versus in an integrated
curriculum. In discipline-based curricula, genetics content is
easily identifiable as its own topic, albeit generally a basic
science one. However, medical curricula are trending toward
an integrated curriculum structure (75% of curricula) where
genetics is woven as a thread throughout many systems-based
courses. This structure, while it emphasizes clinical applica-
tion, threatens a loss of identity of genetics content beyond
the description of a series of rare diseases because genetics
typically only represents 2% of preclinical curricular time.20

Taken together, the relative lack of genetics content during
the clinical years and a dilution of its identity as a discipline
have significant potential negative consequences. Importantly,
these curricular trends also limit exposure to role models in
medical genetics, especially during clinical stages of training.
These curricular structures threaten to further reduce the
visibility of specialized training opportunities in clinical
genetics. It follows that this may negatively impact recruit-
ment into this critical specialty, as mentioned above.25

Clearly, the challenges facing clinicians in trying to adopt
genomic medicine approaches cannot be solved by specialists
alone. The majority of MD graduates will go on to practice in
specialties outside of medical genetics, but if they bring a
baseline genomic literacy to their clinical practice from their
recent training, they can begin to provide reverse mentoring
to their care team colleagues.26 In this model where recent
MD graduates are advocates for genomic medicine in their
clinics, core curriculum in medical schools must prepare the
nonspecialist to implement relevant genomic medicine
principles into their practice. Therefore, it is critical to make
the case that genomic medicine content should be valued,
protected, and even expanded as curricula grow and change
over time. A peer-reviewed core curriculum designed with the
input of educators from the Association of Professors of
Human and Medical Genetics27 can provide guidance on
which topics are best emphasized in a required medical school
curriculum, both in preclinical and clinical phases of training,
for the general graduate. Ideally, people who write questions
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for licensing exams will also begin to consider connections
with genetic principles as they prepare these assessments.
Beyond inclusion in the formal curriculum, educators should
also consider creative ways to increase exposure to medical
genetics, including initiation of student interest groups,
promotion of summer experiences like the ACMG Summer
Scholars Program,28 development of tracks or electives for
students who would like further exposure to this growing
field, and creation of opportunities for personalized, donor, or
anonymous genome analysis.29 A range of educational
strategies around topics in genomic medicine have been
piloted both in formal and informal medical educational
settings, and may serve as inspiration for development of
additional programs in this space.30

NURSES
For the purposes of this paper, we focus on genomics
education for licensed registered nurses (RNs) and advanced
practice registered nurses (APRNs). There are more than 2.8
million employed RNs31 and 270,000 APRNs32 in the United
States. While all APRNs must have a graduate degree in
nursing,33 education preparation for practicing RNs may be a
two-year associate degree, four-year baccalaureate degree, or
less frequently a three-year diploma in nursing.34 RNs provide
patient education, community education, care coordination,
and psychosocial support, and they administer and monitor
medications and therapies for patients across the lifespan. In
contrast, APRNs assess, diagnose, and manage patient health
problems; order and interpret tests and procedures; and
prescribe medications consistent with their education and
certification as a nurse practitioner, clinical nurse specialist,
nurse midwife, or nurse anesthetist.35

RN and APRN education programs may or may not have
genetic/genomic content in their curricula, and those
programs that do vary considerably in the amount and type
of genetics content that is covered. This inconsistency exists
despite a long history of content recommendations in the
1960s,36 a resurgence of recommendations in the 1980s,37 and
ongoing National Institutes of Health (NIH) and Health
Resources and Services Administration (HRSA) funded
efforts to provide education since the 1990s38–43 to increase
genetics content within nursing curricula. Although increases
in genetics content in nursing curricula have been measured
in schools where faculty have participated in intensive
continuing education,38 national surveys continue to reflect
limited genetics knowledge among nursing faculty.44 There-
fore, even if genetics and genomics content is taught within
science courses, nursing faculty may not be prepared to
translate the science in their didactic and clinical courses.
Nursing was a leader in clearly delineating roles, respon-

sibilities, and competencies related to genetics. The first
Statement on the Scope and Standards of Genetics Nursing
Practice was published in 1997 and most recently updated in
2016.45 The statement describes the roles and responsibilities
of RNs and APRNs specializing in genetics at the basic or
advanced levels. Genetics and genomics competencies for all

nurses were developed through a consensus process with
leaders from numerous nongenetics nursing specialty orga-
nizations, academic programs, as well as nursing leaders in
federal agencies and the International Society of Nurses in
Genetics (ISONG).46 The competencies were subsequently
updated to include outcome indicators.47 A similar process
was used to establish genetics and genomics competencies for
all nurses with graduate degrees.48 The American Association
of Colleges of Nursing (AACN) recognized the importance of
the competencies and adopted select competencies in the
Essentials for Baccalaureate Education in Nursing and the
Essentials of Graduate Education in Nursing.49 The Essentials
documents are used by the Commission on Collegiate
Nursing Education (CCNE) when developing criteria for
accreditation of baccalaureate and graduate level nursing
programs.
While progress has been made to establish a foundation

from which to guide nursing education programs, significant
regulatory barriers persist. During the accreditation process,
CCNE assesses education programs that offer master's and
baccalaureate level nursing degrees for the presence of
genetics content or a plan for implementing genetics content
before the next cycle. The Accreditation Commission for
Education in Nursing accredits all types of nursing education
programs but evidence of assessing curricula for genetics
content could not be found in the literature. The RN licensure
exam is informed by regularly updated knowledge assess-
ments. In the 2014 National Council for State Boards of
Nursing’s knowledge assessment,50 newly licensed RNs,
clinical nursing supervisors, and nurse educators were asked
to rank 253 knowledge statements according to the question,
“How important is the possession of this knowledge by a
newly licensed RN for safe and effective professional practice,
regardless of specific practice setting?” Using the document
search function, “genetics,” “genomics,” “gene,” and “inheri-
tance” were not found in the 253 items nor were they
mentioned in the 140-page report. Based on the knowledge
assessment items, it can be predicted that genetics/genomics
content will continue to be absent from RN licensure
examinations.
Because nursing education curricula may or may not

contain genomics content, considerable effort has also been
focused on creating and delivering genomics continuing
education for practicing nurses. Two authors of this paper (R.
J.H. and C.P.) were involved in the creation of a multifaceted
Genetics Education Program for Nurses (GEPN) that was
initiated with NIH and HRSA funds and sustained for 20
years through registration fees. At the time of this writing,
over 17,000 nurses, nursing faculty, and nursing students had
completed one or more of the continuing education offerings.
The National Council of State Boards of Nursing provided
funds to evaluate a genomics education intervention that
focused on nurse educator and hospital administrator dyads
at 21 Magnet hospitals.51 Finally, the ISONG has been
providing a variety of genetics continuing education since its
incorporation in 1989.46
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Even if only 1% of the nursing workforce could be
motivated to achieve adequate genetics continuing education,
that would amount to nearly 30,000 professionals that could
significantly contribute to improving access to genomic
services. As noted earlier in this paper, clinical genetics is
moving beyond diagnosis and counseling to include care
management as well as prescribing and treating patients with
a growing number of condition-specific therapeutic options.
This expansion of clinical genetics opens the doors to RNs
who can coordinate clinics, administer medications, and
provide patient/family/community education about therapies
and how to monitor for and respond to adverse drug
reactions. While APRN graduate training is not specific to
most medically recognized specialties and subspecialties,
APRN employment has notably grown in a wide variety of
specialty practices.52 To promote APRN success in diverse
specialty areas, residencies, fellowships, and mentorship
programs have been developed to prepare APRNs for full
scope of practice.53 Likewise, APRNs do not need to be
experts in genetics when hired into the specialty. While
development of a nationally recognized, accessible curriculum
and fellowship plan for new APRNs in genetics would be
ideal, such resources do not currently exist, leaving clinical
genetics practices to provide role-specific on-the-job educa-
tion and training. On-the-job training might focus on natural
history, management, and treatment strategies for a subset of
patients who may share a specific genetic diagnosis such as
neurofibromatosis, Ehlers–Danlos syndrome, or a group of
diagnoses such as heritable cancers or cardiovascular
disorders. By managing a caseload of genetics patients who
require ongoing follow-up and medication management,
APRNs can free up clinical geneticists to focus on new visits
and managing the care of patients with complex rare
disorders, thus reducing the unreasonable wait time for
clinical genetics appointments.

PHYSICIAN ASSISTANTS
Physician assistants (PAs) are a rapidly growing profession
with over 130,000 nationally certified PAs in the United
States.54 They are medical professionals who diagnose illness,
develop and manage treatment plans, prescribe medications,
and often serve as a patient’s principal health-care provider.
With thousands of hours of medical training, PAs are
versatile, collaborative, and practice in every medical setting.54

PAs are taught in the medical model with a generalist
education base from their inception. They have the capability
to move from specialty to specialty throughout their careers,
and are able to respond nimbly to workforce needs as they
evolve, improving health-care access and quality. PAs practice
in all specialty areas where they expand and deepen skills in
the specific professional activities of their work settings. The
PA practice model is collaborative by definition. All PAs
currently have shared practice arrangements with supervising
physicians; the supervisory relationship with the physician
and scope of practice is regulated at the level of the individual
state medical licensing authority.

The PA community published a survey and needs
assessment regarding genetic education in PA programs in
2007, shortly after the Accreditation Review Commission on
Education for the Physician Assistant (ARC-PA) created a
new accreditation standard that mandated teaching “the
genetic and molecular mechanisms of health and disease” in
all PA programs.55 In 2007, the publication “Establishing
Essential Physician Assistant Clinical Competencies Guide-
lines for Genetics and Genomics” provided core competencies
to guide PA educators in teaching genetics.56 In 2016, an
updated set of PA Genomic Competencies was published
using the Accreditation Council for Graduate Medical
Education (ACGME) domains of competencies already
adopted by PA organizations.57 The revised genomic
competencies were designed to more generally anticipate
future clinical genetic activities and were restructured to
enhance collaborative medical education for PA students and
providers—with an emphasis on interprofessional, team-
based medicine. PA genetic education occurs almost wholly in
the classroom during the didactic year and is variable across
programs. During the clinical education portion of PA
training, genetic concepts are infrequently taught or rein-
forced by physician or PA preceptors, so their importance and
uptake continue to be limited.
Although there has not been a survey of practicing PAs,

their specialties, and use of genomics in practice, the
American Academy of Physician Assistants sponsors a Special
Interest Group in Genetics for practicing PAs;58 in parallel, a
group of PA educators with special interest in genetics exists
nationally and has plans for such a survey. In addition, NIH-
sponsored programs exist to help clinically practicing PAs and
advanced nurse specialists complete additional genetics
training in oncology.59

Many of the specialties in which PAs work include those
that now require more concentrated learning in genetics and
genomics, including pediatrics, obstetrics, oncology, and
increasingly cardiology. In addition to specialty-specific
training, PAs currently are hired to partner with MD
geneticists who provide on-the-job training to help reduce
the long waiting times for specific groups of patients needing
to be seen. This would include “practice agreements” between
the supervising physician partner and the PA, as state laws
dictate. Although PA postgraduate programs exist in any
number of specialties across the country, currently there are
no certificate or postgraduate programs in medical genetics.
However, postgraduate or dual-degree programs could be
conceived in this area based on appropriate institutional
infrastructure, expertise, and support in medical genetics for
interested PAs.
With appropriate skill acquisition occurring in the work

setting, PAs educated in the medical model are currently
capable of impacting workforce needs in a multitude of areas,
including medical genetics. Because of fewer barriers to PAs
changing specialties during their career, their continual
acquisition of skills of the setting in which they work makes
the profession an attractive model for furthering genetics and
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genomics in clinical practice. Learning with their physician
partners how to practically apply clinical genomics strategies
to patient care in one setting could then be adapted and
applied to subsequent specialties.
Though PA genetics education presently has unfortunately

not been emphasized or reinforced clinically, as noted with
other medical professions, it is clear that the need for genetics
services for patients will only increase. Depending on the
setting, this can be accomplished with on-the-job or specific
postgraduate medical genetics training, but always collabora-
tively with partner physicians. PA and other health profes-
sional team members’ facility and expertise in clinical
genomics needs to rise, so the level of care they provide to
patients will be personalized to provide the preventive,
diagnostic, and therapeutic management that is crucial to
their patients’ optimal health.57

CONCLUSIONS
With the reality of clinical genomic technology developments
far outpacing the training of specialist and nonspecialist
providers, we offer the following suggestions for readers to get
involved and to begin to address this gap:

● Early education: In 2013, several states adopted the Next
Generation Science Standards for K–12 Public Schools.60

Therefore, presentations to these groups can be designed
around the five genetics-related standards for middle
school (grades 6–8) or the ten genetics-related standards
for high school (grades 9–12). The Jackson Laboratory
also offers a week-long professional development course
on Teaching the Genome Generation61 for high school
teachers; tuition is free, and a stipend is provided for
teachers from New England.

● Undergraduate education: Readers whose educational
interests align with college curricula should consider
attending ASHG’s Undergraduate Faculty Genetics Edu-
cation annual workshop. These workshops are designed to
explore innovative and active pedagogies that are effective
in teaching genetics concepts related to current, socially
relevant themes. Similarly, readers working in a research
capacity should consider connecting with prospective
students through the Genomics Undergraduate Partner-
ship.62

● Graduate education: The ASHG website63 provides a list
of master’s and doctoral programs that can be targeted to
find students whose interests might align with a career in
genetics.

● Professional education: For those interested in education
for established health-care providers, the Genetics and
Genomics Competency Center64 serves as an online
repository of educational materials for educators, stu-
dents, and clinicians. These materials, which are mapped
to discipline-specific genomic competencies, allow educa-
tors to tailor their message to meet the needs of a specific
audience based on their field of practice. In addition, the
Association of Professors of Human and Medical

Genetics65 holds an annual meeting where stakeholders
in clinical genetics education (medical, residency, lab
program, and interprofessional educators) meet to discuss
trends, develop shared educational resources to contribute
to their Genetics Education Resource Exchange, and carry
out national educational initiatives in this space.

● Continuing education: There are many resources available
for readers who want more training in scientific pedagogy.
The Center for the Integration of Research, Teaching, and
Learning66 is a consortium of 41 research universities in
the United States and Canada that has a massive open
online course entitled Advancing Learning through
Evidence-Based STEM Teaching, which has significant
coverage of genetics. The concepts and strategies covered
in this course can be extended to any group of adult
learners. Additional resources are available through the
Jackson Laboratory67 and the American Medical Associa-
tion,68 which provide a variety of complimentary,
interactive webinars and online modules, many of which
are available for continuing education credit. Additional
efforts should also be made to provide similar opportu-
nities for engaging in genetics training by members of the
allied health professionals, perhaps through continuing
education, postgraduate, or certificate programs.

In closing, we encourage educators and leaders from each
of the professions discussed above to continue conversa-
tions about their complementary scopes of practice. Given
the shortage of providers, the authors recognize the
significant clinical demands on their time. Toward this
end, we advocate for increased collaboration across
disciplines. For example, in 2013, the National Human
Genome Research Institute, together with 23 professional
societies, 15 other institutes at the National Institutes of
Health, and other organizations interested in physician
education, developed the Inter-Society Coordinating Com-
mittee for Physician Education in Genomics (ISCC) to
develop and share best practices in the use of genomics in
medicine. The ISCC developed a framework for develop-
ment of genomics practice competencies that may serve as a
starting point for formulation of competencies for physi-
cians in various medical disciplines. This initiative
addressed the concept of entrustable professional activities
(EPAs), which are defined by medical educators as those
professional activities that together constitute the mass of
critical elements that operationally define a profession.69

The Competencies Working Group identified five EPAs that
comprise a basic set of genomic skills (family history,
genomic testing, treatment based on genomic results,
somatic genomics, and microbial genomic information), in
hopes that these EPAs would provide a starting point for
development of more specific guidelines for individual
medical disciplines, recognizing that some EPAs may be
unnecessary or require modification for various disci-
plines.70 Although the ISCC effort was initially aimed at
physicians, the group has expanded71 to include additional
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clinical partners and serves as an example for taking a more
inclusive and powerful approach to addressing future access
to genetic services.
In addition to increased interprofessional and interspecialty

efforts, to leverage the expertise of the available clinical
geneticists, service and educational activities in this space
need to be valued by genetics chairs and chiefs. This would
include utilizing educational value units to offset relative value
unit (RVU) targets, release time to do outreach work with
trainees or to develop specialty electives, inclusion of these
activities toward promotion and tenure, and use of senior
trainees themselves as near peer mentors to improve tracking
into medical genetics. Importantly, these elements will be
most effective if we can engage the broader genetics
community to give trainees the exposure they will need to
truly embrace the exciting direction genomic medicine
promises to take us all.
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