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Purpose: Health care professionals are expected to take on an active role in the implementation
of risk-based cancer prevention strategies. This study aimed to explore health care professionals’
(1) self-reported familiarity with the concept of polygenic risk score (PRS), (2) perceived level
of knowledge regarding risk-stratiﬁed breast cancer (BC) screening, and (3) preferences for
continuing professional development.
Methods: A cross-sectional survey was conducted using a bilingual—English/French—online
questionnaire disseminated by health care professional associations across Canada between
November 2020 and May 2021.
Results: A total of 593 professionals completed more than 2 items and 453 responded to all questions. A total of 432 (94%) participants were female, 103 (22%) were physicians, and 323 (70%) were
nurses. Participants reported to be unfamiliar with (20%), very unfamiliar (32%) with, or did not
know (41%) the concept of PRS. Most participants reported not having enough knowledge about
risk-stratiﬁed BC screening (61%) and that they would require more training (77%). Online courses
and webinar conferences were the preferred continuing professional development modalities.
Conclusion: The study indicates that health care professionals are currently not familiar with the
concept of PRS or a risk-stratiﬁed approach for BC screening. Online information and training
seem to be an essential knowledge transfer modality.
© 2022 American College of Medical Genetics and Genomics.
Published by Elsevier Inc. All rights reserved.
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Introduction
Breast cancer (BC) remains the most common cancer
diagnosed among women worldwide.1 There is compelling

evidence suggesting that early detection of BC signiﬁcantly
reduces mortality from the disease,2 but this comes with
risks of false positive screening results, overdiagnosis, and
psychological effects.3 Emerging evidence suggest that a
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risk-stratiﬁed approach to BC screening can improve its
beneﬁt to risk ratio by targeting those women most likely to
beneﬁt from it, potentially leading to reduced BC-speciﬁc
mortality as well as allowing for more efﬁcient allocation
of health care resources.4 This stratiﬁcation approach,
currently under investigation in Canada,5 the United States,6
and Europe,7 encompasses 3 steps: ﬁrst, collection of
women’s personal and genetic information; second, calculation of their risk of developing BC within a given time
horizon using a risk prediction model; and third, disclosure
of the risk level and the possible screening and risk reduction actions to participants. Several BC risk prediction
models are now incorporating a polygenic risk score (PRS).8
The PRS—derived from genome-wide associations
studies—is a score that combines the effects of several
common genetic variants with small individual effect sizes
but when combined are strongly associated with the risk of
developing the medical condition.9
The integration of risk-stratiﬁed BC screening into health
systems will require health care professionals (HCPs) to
show new competencies in terms of knowledge, skills, and
attitudes.10 For example, primary care professionals and
those from medical specialties other than genetics could be
expected to explain both the harms and beneﬁts of riskstratiﬁed BC screening, interpret and communicate to patients their risk level obtained through a risk prediction
model, and advise them on screening and preventive strategies.10,11 Some of the information to be exchanged
through this process is complex. An example is the explanation of the calculation of the PRS, which requires a good
level of familiarity, and ideally knowledge, for its responsible integration to clinical practice.12
However, little is known regarding HCPs’ familiarity with
the concept of PRS and their perspectives regarding riskstratiﬁed BC screening. Two small-size studies surveyed
HCPs’ familiarity and use of PRS,13,14 but >84% of the participants were genetic counselors. Although genetic counselors are an important professional group to consider for the
dissemination and implementation of risk-stratiﬁed screening
approach, other HCPs, such as those involved in primary care,
also need to be considered. In addition, investigation efforts to
collect Canadian HCPs’ perspectives regarding risk-stratiﬁed
BC screening have so far been mainly conducted through
qualitative methodologies.15,16 A quantitative survey on a
larger sample of HCPs from different medical specialties is
thus needed to appraise the level of training required to support optimal implementation in the health care system.
Canada has a universal health care system, known as
Medicare, that emphasizes public administration, comprehensiveness, universality, portability, and accessibility
(Canada Health Act).17 Data from the Canadian Institute for
Health Information (CIHI) estimated that the Canadian
Medicare provides coverage for approximately 70% of
Canadians’ health care needs, and the remaining 30% are
covered by the private sector.18 There is no one centrally
managed Canadian health care system, meaning that each of
its jurisdictions (ie, 10 provinces and 3 territories) determine
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what medical acts are covered within their health care
plan.19 With the exception of 1 territory, all jurisdictions
also implemented an organized public health program that
includes offering regular BC screening mammograms.20
Some provinces, such as Ontario and British Columbia,
also have high-risk programs offering genetics counseling,
testing, and/or enhanced screening strategies to women at
increased risk.21,22 In all instances, HCPs in the primary care
settings (nurses practitioners and family physicians alike)
are advised to routinely adress BC screening practices with
their patients.23 The most common types of health care
setting for the prevention and treatment of BC include the
hospital (academic when there is a University afﬁliation
with research and training activities or community otherwise); the family health team, group, or network; the community health center; and the private clinic.24 The later 3
settings do offer primary care services, but they do differ
greatly in terms of registration and payment process.24 For
instance, patients would need to be registered within a
family health team to have access to services, whereas unregistered patients could usually consult in a community
health center or a private clinic. Private clinics are likely to
charge for all services offered, whereas the family health
teams and community health centers follow the provincial
health care plan.
This study aimed to explore HCPs’ (1) self-reported familiarity with the concept of PRS, (2) perceived level of
knowledge regarding risk-stratiﬁed BC screening, and (3)
preferences for continuing professional development (CPD).
Evidence generated by this study provide crucial information about current professionals’ appraisal of their knowledge. This will support the design of CPD aiming to develop
competency in supporting patients by understanding their
BC risk level, making informed decisions related to
screening and preventive interventions, and potentially
avoiding unnecessary adverse psychosocial effects.

Materials and Methods
This study is part of PERSPECTIVE I&I (personalized risk
assessment for prevention and early detection of breast
cancer: integration and implementation), a major Canadian
initiative assessing the feasibility and acceptability of
implementing a risk-stratiﬁed BC screening approach.5

Study design and participants
A cross-sectional study was conducted using an anonymous
self-administrated online questionnaire targeting all HCPs
interested in providing their opinions, attitudes, and expectations regarding risk-stratiﬁed BC screening. Although
there were no inclusion/exclusion criteria for participants,
our promotion and diffusion strategy targeted physicians
and nurses from all medical specialties. The study invitation
with the link to the questionnaire was disseminated between
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November 2020 and May 2021 through several professional
associations and health care institutions’ newsletters and
communication platforms across Canada (see Supplemental
Tables 1–3) as well as through PERSPECTIVE I&I coinvestigators’ networks. The ﬁrst page of our questionnaire
provided elements of context about the study and informed
participants that consent was implied by the voluntary
completion of the questionnaire. The CHU de QuébecUniversité Laval’s Institutional Review Board approved this
study (registration number: F9-55772).

Questionnaire development
The questionnaire was developed in French and English by a
multidisciplinary team of clinicians, epidemiologists, and social scientists after reviewing the relevant literature.15,16,25-27
The questionnaire had a total of 17 questions, with data from
10 questions analyzed to achieve our 3 objectives (see
Supplemental Questionnaire/Supplemental Methods). After a
short preamble explaining the risk-based BC screening
approach, questions covered familiarity with the concept of
PRS (1 question); opinions regarding their level of knowledge;
the status of their training and the future professional curriculum on risk assessment, including genetic factors (1 question
comprising 5 statements); preferences for continuing professional education (3 questions); and sociodemographic and
professional status (5 questions). The French and English
questionnaires were pilot-tested within the network of physicians collaborating on the study and comments were addressed
by the research team. The Research Electronic Data Capture
platform was used for the questionnaire web-based interface.28

Statistical analyses
The 5-point Likert scale of the question assessing participants’ level of familiarity with the concept of PRS was
categorized on 3 levels: “Very familiar and familiar,” “Very
unfamiliar and unfamiliar,” and “Don’t know this concept.”
HCPs were categorized as “Physician,” “Nurse,” or “Other.”
Medical specialties were categorized as “Family medicine/
Primary care,” “Oncology,” and “Other.” The number of
years of experience was categorized as follow: <5 years,
between 5 and 14 years, between 15 and 25 years, and >25
years. The region of practice was categorized as “Province
of Québec,” “Province of Ontario,” and “Other Canadian
provinces and territories.”
Descriptive statistics were used to summarize participant
responses. χ2 tests were used to explore whether participants’
level of familiarity with the concept of PRS differed according
to sociodemographic and professional status variables.
Dummy variables were created for missing responses. Analyses using listwise deletion of missing variables were also
conducted as a sensitivity analysis.29 All tests were 2-sided
with a 0.05 level of signiﬁcance. All statistical analyses were
performed using SAS software, version 9.4 (SAS Institute Inc).
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Results
A total of 593 HCPs opened the survey link and completed
more than 2 questions. A total of 453 participants responded
to all questions. Overall, 432 (93.5%) participants were female, 103 (22.3%) were physicians, and 323 (69.7%) were
nurses (ie, nurses and nurse practitioners) (Table 1). The
distribution by specialty was as follows: family medicine/
primary care (36.1%), oncology (12.8%), and other (51.1%).
Other medical specialties included: internal medicine, surgery, emergency, palliative care, public health medicine,
radiology, and obstetrics-gynecology. The province of
Québec was the most frequent region of practice for participants (82.9%), followed by Ontario (10.1%), and other
Canadian provinces and territories (7.0%). Participants’
most frequent practice settings included academic hospital
(28.9%), community hospital (21.3%), community health
center (17%), and family health team, group, or network
(16.3%). Finally, more than 89% of participants agreed or
strongly agreed that BC screening is an effective method for
early detection of BC.
The vast majority of participants reported to be unfamiliar (19.9%), very unfamiliar (31.9%) with or did not
know (40.5%) the concept of PRS (Figure 1). Exploratory
univariate analyses revealed that the profession, medical
specialty, and region of practice were associated with a
different report of familiarity with the concept of PRS, with
doctors being more familiar with the concept than other
professions, oncologists reporting more familiarity than
other medical specialties, and people from the province of
Québec reporting less familiarity with the concept of PRS.
Gender, number of years of practice, and practice setting
were not associated with familiarity with the concept of PRS
(Figure 2 and Supplemental Tables 1–3). Similar pattern of
associations were observed when missing data were
excluded.
When asked about their opinion regarding their level of
knowledge toward risk-stratiﬁed BC screening and the
ideal future professional curriculum on risk assessment,
including genetic factors, the vast majority of participants
answered that (1) they do not have enough knowledge
(60.5%), (2) they would require more training (76.9%),
and (3) the ideal medical and nursing curriculum should
include more on this topic (70.3% and 71.3%, respectively) (Figure 3). However, only 45.9% answered
that they would have time to educate themselves on riskstratiﬁed BC screening.
Figure 4 presents the preferred CPD resources, dissemination modalities, and topics to include in educational resources.
Higher participant preference was observed for online training
speciﬁc to risk-stratiﬁed BC screening (26%), with topics
addressing the basics of risk-stratiﬁed BC screening (16%) and
its interpretation (15%). Participants were less interested in
general information on genetics and the ethical, legal, and social challenges of risk-stratiﬁed BC screening.
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Participants’ characteristics (N = 593)

Sociodemographic and Professional
Status
Gender
Women
Men
Missing data/prefer not to answer
Profession
Physician
Nurse
Othera
Missing data
Medical specialty
Family medicine/primary care
Oncology
Otherb
Missing data
Number of years of practice
<5 years
5-14 years
15-25 years
>25 years
Missing data
Region of practice
Province of Québec
Province of Ontario
Other provinces
Missing data
Practice setting
Academic hospital
Community hospital
Family health team/group/network
Community health center
Private clinic
Otherc
Missing data
Level of agreement with the statement,
“breast cancer screening is an
effective method for early detection
of breast cancer”
Agree or strongly agree
Neither agree nor disagree
Disagree or strongly disagree
Don’t know
Missing data

Frequency, n (%)
432 (93.5)
30 (6.5)
131
103 (22.3)
323 (69.7)
37 (8.0)
130
167 (36.1)
59 (12.8)
236 (51.1)
131
58 (12.5)
135 (29.2)
113 (24.4)
157 (33.9)
130
377 (82.9)
46 (10.1)
32 (7.0)
138
133 (28.9)
98 (21.3)
75 (16.3)
78 (17.0)
25 (5.4)
51 (11.1)
133

528
25
31
7

(89.3)
(4.2)
(5.3)
(1.2)
2

a
Other professions included genetic counselor, physiotherapist, occupational therapist, radiologist, researcher, and technologist.
b
Other medical specialties included internal medicine, surgery, emergency, palliative care, public health medicine, radiology, and obstetricsgynecology.
c
Other practice settings included intensive care unit, nurse practitionerled clinic, nursing home, public health agency, and research center.

Discussion
This study provides important information on familiarity
with the concept of PRS, perceived level of knowledge
regarding risk-stratiﬁed BC screening, and preferences for
CPD of HCPs not trained in genetics. Overall, HCPs

Figure 1 Participants’ level of familiarity with the concept of
polygenic risk score (N = 593).

reported low level of familiarity with the concept of PRS
and limited knowledge regarding risk-stratiﬁed BC
screening. The vast majority acknowledged their needs for
CPD on these topics and that they would favor resources
delivered online.
To our knowledge, only 2 small-size studies (ie, sample
sizes of 10514 and 12013) have reported HCPs’ level of familiarity with the concept of PRS. However, both studies
were focused primarily on genetic counselors. Thus, the
results of these studies are not comparable with ours because
our study population was composed mainly of professionals
not trained in genetics. Our study complements the evidence
generated by these previous studies by providing the perspectives of a diverse group of HCPs and by highlighting
the fact that, unlike genetic counselors, professionals not
trained in genetics currently report a low level of familiarity
with the concept of PRS. Having basic knowledge regarding
the calculation and implications of a PRS is important for
several HCPs, including front line professionals, such as
nurses and primary care physicians. Indeed, if calculations
of PRS are implemented in clinical practice, they would
need to answer questions related to PRS results and support
their patients in their decision process regarding appropriate
screening recommendations and preventive options.10,12
HCPs should also be knowledgeable of the potential limitations of PRS and be able to convey a balanced message to
their patients.30 Finally, according to different possible
implementation scenarios, front line HCPs may have an
important role in identifying and referring individuals for
whom a risk assessment that include a PRS calculation is
most indicated.15,31
The observation that the vast majority of our participants
stated that they do not have enough knowledge about riskstratiﬁed BC screening and would require more training is
in line with several studies reporting that HCPs feel unprepared and lack the appropriate knowledge to competently
integrate emerging genomic information into their practice.14-16,32-35 Scientiﬁc literature about the concept of PRS
and risk-stratiﬁed BC screening has been published since at
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Figure 2
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Association between familiarity with the concept of polygenic risk score and sociodemographic variables (N = 593).

least 2015.36,37 Thus, reported low level of familiarity and
knowledge of HCPs about these 2 aspects suggests that
active dissemination strategies are required.
To ensure a successful integration of the PRS and riskstratiﬁed screening approaches, a comprehensive portfolio
of CPD activities—adapted to the different professional
groups and medical specialties—is necessary. Academic
institutions will probably need to adapt their curriculum
to address these knowledge gaps, and authoritative

Figure 3

associations should be called upon to provide point-of-care
resources, clinical guidelines, and implementation protocols
for the responsible use of PRS information and sound
implementation of risk-stratiﬁed BC screening.12
Although these analyses were exploratory, it is interesting to note that signiﬁcant differences were observed on
the level of familiarity with the concept of PRS according to
participants’ profession, medical specialty, and region of
practice. Previous studies assessing level of knowledge with

Participants’ perspective regarding their education and continuous professional development (N = 593).
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Figure 4 Participants’ preferred (A) resources for general questions related to practice, (B) formats to learn more about risk-based breast
cancer screening, and (C) topics to be included in resource material (participants were invited to check all that apply). BC, breast cancer;
SNV, single nucleotide variation.

genetics and/or genomics have reported similar differences
across professions,33,38,39 medical specialties,32,40,41 and
geographic locations.40,42,43 These differences on the level
of familiarity with the concept of PRS are probably partly
explained by the type of services professionals are offering
as well as their exposure to genetic services within their
health care institutions.40 For instance, in 2011, the province
of Ontario, Canada, implemented its High Risk Ontario
Breast Screening Program. The sole presence of such program may increase HCPs’ awareness related to genetics and
genomics risk of BC. Uncovering the effect of professional
and practice setting characteristics on the familiarity and
knowledge about the concept of PRS and risk-stratiﬁed BC
screening should be explored further through a more
comprehensive assessment among different HCPs. This
could serve as a parameter of guidance for the development
of tailored CPD activities and resources.
Our participants’ preference for online CPD resources is in
line with other studies,14,32,44 although the in-person CPD
modality was preferred in one.45 We may hypothesize that
HCPs’ preference for the online modality has probably
increased since the occurrence of the Covid-19 pandemic.
Online resources have the advantage of being available “just
in time,” exactly when HCPs need it and are ready to integrate this in their practice and skill set. This immediacy
feature is coherent with an important adult learning theory
principle that suggests that learners are interested in acquiring
knowledge that has immediate relevance and effect.46

Strengths and Limitations
To our knowledge, the sample size of this study is the
largest and includes the most diversiﬁed population of HCPs
to date to characterize their level of familiarity and perspectives on the concept of PRS and the risk-stratiﬁed BC
screening approach. The recruitment method was multifaceted and was primarily through professional associations
and health care institutions. Such a recruitment scale is
particularly impressive in the context of the Covid-19
pandemic.
Nevertheless, it is important to recognize the limitations
of our study. Although our questionnaire was designed to be
of 15-minute duration to accommodate a target population
with many competing priorities, a more detailed knowledge
status, professional practice situation, and learning need
collection tool would be required because this is a crucial
step in establishing sound CPD curriculum.47 It is important
to recognize that an online recruitment and data collection
strategy may result in a greater proportion of participants
preferring electronic CPD. Our sample distribution is not
representative of the Canadian HCP population.
Supplemental Tables 1–3 contrasts some of the demographics of participants with that of the Canadian physicians and nurses workforce. Our sample had a higher
proportion of female and of professionals from the province
of Québec than the National statistics.48 However, the proportion of participating physicians who indicated family

2386
medicine as their medical specialty is comparable to the
National statistics.
We believe though that our results offer an indication that
professionals not trained in genetics are largely unfamiliar
with the concept of PRS, believe their knowledge to be
inadequate regarding risk-stratiﬁed BC screening, and that
proper CPD should be planned. In some provinces, our
recruitment was more frequently done through a snowball
approach within the vast network of our collaborators. This
might have resulted in the recruitment of people already
interested in and knowledgeable of the concept of PRS and
risk-stratiﬁed BC screening approach. If this selection bias is
present, it would mean that the real level of familiarity with
the concept of PRS and knowledge of risk-stratiﬁed BC
screening of HCPs is even lower than what we observed.
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Santé et des Services Sociaux, Québec City, Québec, Canada; 10Centre of Genomics and Policy, McGill University,

J. Lapointe et al.
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