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Driven by technological and scientific advances, the landscape of genetic medicine is rapidly changing, which complicates strategic
planning and decision-making in this area. To address this uncertainty, we sought to understand genetic professionals’ opinions
about the future of clinical genetic and genomic services in Canada. We used the Delphi method to survey Canadian genetic
professionals about their perspectives on whether scenarios about changes in service delivery and the use of genomic testing
would be broadly implemented in their jurisdiction by 2030. We conducted two survey rounds; the response rates were 32% (27/
84) and 67% (18/27), respectively. The most likely scenario was the universal use of noninvasive prenatal screening. The least likely
scenarios involved population-based genome-wide sequencing for unaffected individuals. Overall, the scenarios perceived as most
likely were those that have existing evidence about their benefit and potential medical necessity, whereas scenarios were seen as
unlikely if they involved emerging technologies. Participants expected that the need for genetic healthcare services would increase
by 2030 owing to changes in clinical guidelines and increased use of genome-wide sequencing. This study highlights the
uncertainty in the future of genetic and genomic service provision and contributes evidence that could be used to inform strategic

planning in clinical genetics.
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INTRODUCTION

The landscape of clinical genetic and genomic services (genetic
testing, counseling, and consultations) is rapidly changing. Drivers
of this change include advances in technology, changes in the
clinical utility of genetic information, and service delivery models
that are being used to increase the capacity of the genetic
workforce [1-3]. In particular, advances in genomic testing
technologies have enabled the development and clinical imple-
mentation of increasingly comprehensive tests [4] transforming
genetic services over the past 15 years. For example, genome-
wide sequencing (GWS; exome or genome sequencing) has
increased the diagnostic yield for individuals undergoing diag-
nostic genetic testing far beyond that of multigene panels or
tiered single gene approaches. In a study comparing diagnostic
approaches in children with suspected genetic disorders, diag-
nostic yield with GWS was 41% compared with 24% with
conventional genetic testing [5]. In some clinical areas, including
hereditary cancer, there has been a steady growth in referral
volumes and testing utilization, owing in part to a growing
evidence base supporting the benefits of genetic testing and
counseling [6]. Finally, substantial changes in service delivery
models have increased the capacity of the clinical genetics

workforce [1, 2], including the use of decision aids for genetic
testing [7], high-throughput telegenetics services [8], and artificial
intelligence-driven chat bots [9].

This transformation in clinical genetics makes strategic planning
and healthcare policy development in this area extremely
challenging. In particular, the expansion of services and eligibility
criteria introduces a major source of uncertainty into projections
of the future need for services, which as a result cannot be easily
extrapolated from current trends. This is problematic because
determining eligible patient populations and levels of service are
critical steps in needs-based health human resource planning [10].
Indeed, this challenge is compounded by a number of debates
within the genetic community about the appropriateness of
expanding eligibility for services in areas such as hereditary cancer
[11, 12], population screening applications [13, 14], and pre-
conception carrier screening [15].

One approach to addressing the uncertainties in strategic
planning created by disjunctures in eligibility criteria and
technology is to seek out a range of expert opinions that can
be used to evaluate the plausibility of a range of possible futures
[16-19]. In the present study, we sought to characterize possible
changes over the next decade by using the Delphi method to
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elicit the perspectives of experts on the future of genetic service
provision in Canada. The results can be used directly to inform
strategic planning for genetic medicine in Canada, and because
most of the transformation of genetic medicine is driven by
technological and scientific developments, these findings may
also be of broad applicability to other high-income jurisdictions
[6].

MATERIALS AND METHODS

We used a two-round Delphi study to build agreement within Canadian
stakeholders’ perceptions on a range of scenarios regarding the provision
of clinical genetic and genomic services in their jurisdiction by the year
2030. This study was approved by the University of British Columbia
Research Ethics Board as a sub-study of the GenCOUNSEL research project
(REB ID: H19-00427; https://www.bcchr.ca/GenCOUNSEL).

The Delphi method

The survey-based Delphi method is an iterative process in which a series of
surveys is administered to experts in the field to elicit opinions and
develop consensus about a topic [20]. It has been shown to be an effective
methodology for solving complex problems, generating evidence for
phenomena that are not well understood, anticipating future trends, and
exploring areas with high levels of controversy or uncertainty [21, 22]. The
survey is revised in each iteration to add items based on participant
responses in previous rounds, and feedback is given to participants
between rounds to show how their responses compared to the group
responses. The Delphi method has previously been used to elicit expert
opinions in genetic medicine [23-25]. Our survey was administered online
through REDCap [26], and participants’ identities were not revealed to
each other.

Participant recruitment and retention

A list of potential participants was compiled of individuals working in
clinical leadership roles in all publicly funded genetic clinics in Canada (as
determined through the Canadian Association of Genetic Counsellors “Find
a Clinic” web tool) and supplemented with targeted web searches to find
individuals who worked in laboratory and research settings and did not
limit our search to those affiliated with an academic medical center. Since
healthcare is primarily funded provincially, we purposively sampled
participants from every province to capture potential inter-provincial
differences. Eighty-six potential participants were contacted by email in
May 2020 with a study invitation letter that was used for snowball
sampling and to assess preferred timing for initiation of the study given
the additional demands placed on the genetic community by the COVID-
19 pandemic.

We sent Survey #1 to 84 individuals. It was launched on 23 June 2020,
and was open for 4 weeks. Individualized feedback was provided to the
respondents after the first survey (see Supplementary Materials for an
example). Survey #2 was launched on 24 September 2020, and was also
open for four weeks. Participants were sent two reminders during each
survey period. We provided participants who completed both rounds of
the survey with a $10 coffee gift card.

Survey development

The questionnaire was developed based on findings from two scoping
reviews about genetic services utilization and the workforce performed by
members of the study team [2, 6]. The survey was broken down into four
content categories: prenatal and newborn screening, oncology, other
suspected genetic disorders, and service delivery and technology. We used
a combination of Likert-style questions assessing the perceived likelihood
of a scenario, percent-style slider questions to assess the proportion of
individuals for whom a given scenario would be applicable, free-text
boxes, and demographic questions. The Likert-style response options
ranged from 1 to 4 (1 =very unlikely to 4 = very likely), plus an “I don't
know” option. The survey was pilot tested with one genetic counselor and
one clinical geneticist who participated in a cognitive interview while
completing the questionnaire. The final version of Survey #1 is included in
the Supplementary Materials. Survey #2 included all items from Survey #1
that did not meet consensus (as described below) plus additional
questions that were added based on the open-ended responses on
Survey #1.
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Analysis

The Delphi method typically uses two measures of an agreement to
achieve the study goals. Stability is a measurement of item-level
consistency of responses between survey rounds, and consensus indicates
whether the majority of respondents chose the same response for a given
item. There are no best practices for operationalizing agreement in the
literature, however, stability is thought to be a more reliable indicator than
consensus [20]. We used stability as our primary measure of agreement
and used consensus as a secondary measure to remove items from one
survey round to the next.

There is no standard way to calculate the stability, but one commonly
used approach is to set a threshold for observed changes in the mean
group response from one round to the next (e.g., <0.5 or 1.0 change in the
mean score). In our study, to be able to apply the same threshold for the
Likert scale and percent-style questions, our threshold was set such that
more than 15% change in the mean scores between rounds would indicate
stability [27, 28]. Because the 15% threshold has not been widely used in
the literature, we also examined stability using hypothesis testing
(Wilcoxon signed-rank test and paired-samples t test) to determine
whether the mean response for any item was significantly different
between rounds [29]. We used a Bonferroni correction to account for
multiple comparisons and set statistical significance at p <0.002. We
applied these two stability criteria independently, and an item was
determined to be stable only if stability was met on both measures.

Consensus was defined as occurring when >75% of respondents chose
the same Likert scale response option or were within 10% on the slider
scale questions. Using 75% as the Likert scale threshold was informed by a
systematic review of Delphi studies where 75% agreement was the median
value [30]. The decision to use a 10% range for the percent-style questions
was a practical decision since respondents could choose any number on
the scale from 1 to 100. We included all responses for Survey #1 in the
agreement calculations, not only those from participants who also
completed Survey #2.

Our study protocol called for the termination of the study after three
rounds at most, or earlier if consensus and/or stability of most items had
been reached after two rounds. We excluded the responses to the percent
questions from one participant because they were an outlier. We used
descriptive statistics to report the demographic characteristics of
participants between rounds to determine whether there was drop-off
of participants in specific demographic groups, and combined groups
where numbers were low. We analyzed the open-ended text feedback
using thematic content analysis. Two study team members independently
coded open-ended text and then grouped topics into themes, comparing
for agreement and resolving disagreement through consensus. The
purpose of the qualitative analysis of the open-ended feedback was to
identify additional items to add to Survey #2 [31].

RESULTS

Response rates

We sent the study invitation letter to 86 individuals and recruited
one additional invitee through snowball sampling. We subse-
quently invited 84 individuals to complete Survey #1, 32% (27/84)
of whom completed at least one question. We sent Survey #2 to
the 27 participants who completed at least some part of Survey
#1, and 67% (18/27) of that group responded to Survey #2. The
response rates are outlined in Fig. 1.

Demographics

Participant demographics for both rounds are summarized in
Table 1. Demographic questions were only asked on Survey #1
and were completed by 89% (24/27) of participants. The majority
of participants were women (Survey #1: 83%, 20/24, Survey #2:
88%, 14/16) and genetic counselors (Survey #1: 63%, 15/24, Survey
#2: 75%, 12/16) or physicians (Survey #1: 29%, 7/24, Survey #2:
19%, 3/16). Half of the participants (Survey #1: 50%, 12/24, Survey
#2: 50%, 8/16) reported more than one professional role including
management, educational, or research-focused positions. There
were participants from across Canada, with the highest repre-
sentation from British Columbia (Survey #1: 42%, 10/24, Survey #2:
50%, 8/16); however, there were no participants from any of the
three Canadian territories. The most common primary areas of
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Initial invite letter asking about
interest in participating

Interested in participating at any time
Interested in participating in 2-3 months

Not interested in participating

(n=86) Did not respond

Unable to be delivered

Additional invitees through snowball sampling

26/86 (30%)
2/86 (2%)
3/86 (2%)
54/86 (63%)
1/86 (1%)

1

Invited to complete first survey

Completed at least one question on Survey #1

27/84 (32%)

(n=84) Completed all questions on Survey #1 23/27 (85%)
Feedback provided to
participants
Invited to complete second survey Completed at least one question on Survey #2 18/27 (67%)
(n=27) Completed all questions on Survey #2 15/18 (83%)

Fig. 1 Participation flow chart with response rates. Summary of the recruitment process and response rates for the Delphi study. We invited
all individuals who did not decline the initial invitation letter to complete Survey #1. Feedback was sent to all participants who completed
Survey #1. We only sent Survey #2 to those who completed at least one question on Survey #1.

practice were cardiology (Survey #1: 17%, 4/24, Survey #2: 19%, 3/
16) and prenatal (Survey #1: 13%, 3/24, Survey #2: 19%, 3/16).
Many participants indicated that they work in multiple clinical
areas (Survey #1: 58%, 14/24, Survey #2: 44%, 7/16).

Stability and consensus

After Survey #2, 88% (23/26) of the repeated items had reached
stability and we concluded that a third-round was not likely to
increase stability and terminated the study. The results from the
survey are summarized in Tables 2, 3, and Supplementary Table 1.
Only one Likert-style item did not show stability, as the mean
changed by >15%; however, this difference was not statistically
significant. The mean scores on two percent-style questions
changed by >15%, however, these differences were also not
statistically significant (Supplementary Table 1). There were only
two items for which consensus was reached (i.e., >75% of
individuals chose the same Likert scale option), one in Survey #1
and one in Survey #2 (Table 2; Table 3; Supplementary Table 1).
There was no consensus reached on any of the percent-style
questions. The open-ended text questions were analyzed with the
goal of adding additional concepts to Survey #2 and these
responses were not assessed for agreement.

Summary of scenarios by content area

Responses to questions in each content area are summarized in
Tables 2 and 3, and Supplementary Table 1. The values reported in
the text report respondents who indicated that a particular
scenario was likely (somewhat or very likely) and are drawn from
Survey #2 unless otherwise specified to reflect the point at which
responses met stability criteria.

Prenatal and newborn medicine

Participants responded to five Likert questions about changes to
prenatal, preconception, and newborn screening by the year 2030.
The scenario deemed most likely was the use of noninvasive
prenatal screening (NIPS, i.e.: cell-free DNA (cfDNA) screening) as a
first-line prenatal screening test for aneuploidy (n = 17, 95% chose
somewhat or very likely). Sixty-one percent (n=11) of respon-
dents thought that expansion of NIPS to include genome-wide
screening for copy number variants was likely, and only 39% (n =

SPRINGER NATURE

7) thought that expansion to include monogenic conditions was
likely. Routinely offering expanded carrier screening to all couples
planning a pregnancy was seen as likely by 66% (n=12) of
respondents. The least likely scenario was the addition of GWS to
newborn screening (24%, n =5 chose somewhat or very likely).

Oncology

Participants responded to four Likert scenario questions and four
percent-style questions about the utilization of genetics in
oncology settings in the year 2030. Most participants thought it
was likely that eligibility guidelines for genetic counseling/testing
would expand for individuals affected with cancer (72%, n=13
chose somewhat or very likely), but fewer thought it was likely
that eligibility guidelines for unaffected family members would
expand to include all types of cancer (53%, n=10 responded
somewhat or very likely). Within the percent-style questions,
respondents estimated that an average of 59% (range: 25-100%)
of individuals with cancer will receive germline pharmacogenetic
testing by 2030. Participants expected that the proportion of
patients who will have genetic testing through GWS would be
48% (range: 15-97%) for those undergoing tumor testing and 32%
(range: 10-80%) for those undergoing testing for hereditary
cancer. Participants expected that 32% (range: 20-50%) of
individuals with any type of cancer would receive germline
genetic testing.

Suspected genetic disorders

Participants answered six Likert scenario questions and one
percent-style question about the future utilization of genetic and
genomic services in suspected genetic disorders by the year 2030.
The most likely scenario was the routine offering of rapid GWS for
patients with suspected genetic disease in the neonatal and
pediatric intensive care setting by 2030, which met the consensus
condition on Survey #2 with all experts considering this scenario
likely (n=17, 100%). Participants reported that they thought
broad substitution of chromosomal microarray (CMA) with
genome sequencing was likely (n=16, 94% responded likely)
for individuals with neurodevelopment disorders. Eighty-eight
percent (n = 15) perceived the substitution of multigene panels
with GWS was likely for individuals with neurodevelopmental
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Table 1. Participant demographics.

Survey 2 (n=16)°
Number of
participants (%)

Characteristic Survey 1 (n = 24)*
Number of

participants (%)

Gender

Woman 20 (83) 14 (88)
Man 3(13) 2 (13)
Prefer not to say 1(4) 0
Profession*

Genetic counselor 15 (63) 12 (75)
Medical Doctor 7 (29) 3 (19)
PhD geneticist 2 (8) 0
Laboratory geneticist® 2(8) 1(6)
Experience

1-10 years 4 (17) 4 (25)
10-20 years 10 (42) 4 (25)
>20 years 8 (33) 6 (38)
NR 2 (8) 2 (13)
Province*

British Columbia 10 (42) 8 (50)
Prairies (Alberta, 6 (25) 3 (19)
Saskatchewan, Manitoba)

Ontario 2 (8) 2 (13)
Quebec 4 (25) 2 (19)
Maritimes (Nova Scotia, New 6 (8) 1(6)
Brunswick, Newfoundland,

Prince Edward Island)

Type of institution*

Hospital/Medical Facility 21 (88) 14 (88)
Diagnostic 1(4) 0
Laboratory-commercial/non-

academic

Diagnostic Laboratory-non- 2(8) 2(13)
commercial/academic

University 8 (33) 5(31)
Other 14 1(6)
Primary area of clinical practice

General adult genetics 2 (8 2 (13)
Pediatrics 1(4) 0
Prenatal 3 (13) 3 (19)
Cancer 2 (8) 1(6)
Cardiology 4 (17) 3(19
Neurogenetics 2(8) 1(6)
Metabolic disease 3 (13) 1(6)
Laboratory 3 (13) 2 (13)
Public Health 14 1 (6)
Pharmacogenetics 1(4) 1 (6)
Not currently in clinical 2 (8) 1(6)

practice

*Three participants did not answer demographic questions on Survey #1.
The percentages may not add up to 100% due to rounding and/or because
for some questions participants could choose more than one response.
PTwo participants who responded to Survey #2 did not answer
demographic questions.

“This category includes clinical molecular geneticists and clinical cytogen-
eticists.

*Participants could select more than one answer.

conditions. The proportion of respondents who thought that that
the substitution of multigene panels with GWS was likely varied by
the clinical area on which each item focused: 71% (n=12) for
adult-onset neurological conditions, 64% (n=11) for cardiac
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conditions, and 59% (n=10) for vascular connective tissue
disorders. Participants estimated that 58% (range: 15-100%) of
pediatric patients with a suspected genetic disorder will be
offered GWS as their first-line genetic investigation by 2030.

Service delivery and health technology

Participants answered nine Likert scenario questions relating to
service delivery and health technology in the first survey and eight
questions in the second. On the first survey, consensus was
reached for one item, publicly funded population-based GWS
screening for unaffected individuals by 2030 was perceived to be
very unlikely by 79% (19/24) of respondents. Similarly, few
participants perceived patient-pay population-based GWS for
unaffected individuals as likely (12%, n = 2). Fifty-three percent
of participants (n=9) thought legislative changes would allow
genetic counselors to provide counseling independently in their
province by 2030, and 47% (n=38) thought it was likely that
legislative changes would allow genetic counselors to order
testing independently. Of note, those who thought these two
scenarios were likely were not limited to genetic counselor
respondents or limited to a particular geographical or clinical area.
Responses about the likelihood that post-test counseling would
be fully automated (e.g., by online education, decision aids, chat
bots, etc.) were broken down by type of result as follows:
negative/uninformative results (53%, n=9 chose somewhat or
very likely), positive results (47%, n =8 chose somewhat or very
likely), and variants of uncertain significance (0%, n=0 chose
somewhat or very likely). In terms of automation for pre-test
counseling, 47% (n = 8) of respondents perceived this scenario as
likely. Respondents estimated that by 2030, an average of 11%
(range: 0-30%) of unaffected adults will receive population-based
GWS for adult-onset disorders.

DISCUSSION

This is the first study of its kind to explore genetic professionals’
perspectives about the future utilization of genetic and genomic
services in Canada. Overall, scenarios for which the application in
question is already being offered clinically in some settings or
where there is existing evidence to support effectiveness were
seen as likely. This includes the use of GWS in the neonatal
intensive care unit [32], the routine use of carrier screening in
preconception settings [15, 33], and the use of GWS as a first-line
test for neurodevelopmental disorders [34]. Within the public
healthcare system in Canada, funding decisions for genetic testing
are often based on whether the genetic information would
directly impact medical management [35]. It is possible that the
perceived medical utility of certain scenarios led to these
scenarios being seen as more likely.

In contrast, scenarios involving technology that is emerging or
currently has little evidence of clinical utility were seen as unlikely.
This includes scenarios about expanding the indications for
prenatal screening using NIPS to include monogenic disorders
and the use of GWS for newborn screening. These findings are
consistent with other literature that shows that the value of
genetic information may not be apparent if there is a lack of
evidence about health benefits or if possible harms outweigh
reproductive benefits [24, 36]. However, despite being perceived
by the majority as unlikely, 24% of respondents thought that the
use of GWS for the newborn screening was likely by 2030, which
also demonstrates the variability in responses and highlights the
future uncertainty of service provision.

Participants were asked about the possibility of test substitution
in different clinical settings. Possibilities included replacement of
currently used genetic tests (multigene panels and CMA) with
GWS (genome or exome sequencing)). Test substitution with GWS
was perceived overall as likely in all clinical settings where it would
be used for diagnosis of a possible genetic condition. Differences
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continued

Table 2.

Scenario
Post-test genetic counseling will be fully automated in most cases (e.g., using online
educational materials, decision aids, artificial intelligence chat bots, etc...) when the
genetic test results are positive
Post-test genetic counseling will be fully automated in most cases (e.g., using online
educational materials, decision aids, artificial intelligence chat bots, etc...) when the
genetic test results are of uncertain clinical significance
Population-based GWS screening for unaffected individuals will be routinely funded
through the public healthcare system

cfDNA cell-free DNA, NIPS noninvasive prenatal screening, GWS genome-wide sequencing (exome or genome sequencing).
*This question reaches consensus on Survey #1.

“Denotes that the survey item reached consensus, defined as >75% of respondents choosing the same response.

PThis item did not meet the stability definition, the mean changed by >15% from Survey #1 to Survey #2.

The percent who chose likely includes those who chose somewhat or very likely on the Likert scale.
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in expectations about the use of GWS as a diagnostic tool as
compared to a screening tool could be due to concerns about
clinical utility and sustainability, as well as some of the complex
medical and ethical issues that can arise from broad screening
approaches [13, 37]. Another key finding was the expectations
regarding growth in utilization in many clinical areas, including
broader use of carrier screening in preconception settings and
expanding the eligibility guidelines for genetic testing/counseling
to include all types of cancer for those affected with or at-risk for
hereditary cancer. The potential impact of this expected growth in
need on the genetic workforce will be exacerbated by the
expected substitution of GWS for current methods of genetic
testing because GWS require more provider time per case than
multigene panels or CMA [38]. This dynamic is likely to place a
strain on the already small clinical genetic workforce in Canada,
which is composed of ~450 genetic counselors (1.2 per 100,000
Canadians) and 111 clinical geneticists (0.3 per 100,000 Canadians)
[39-41], not all of whom work in direct patient-facing roles [42].
Indeed, the need for genetic services in Canada is already
outpacing what the system is able to provide, which has led to
long wait times and high caseloads for clinical genetic providers
[3, 42]. For example, wait times under current conditions can be
up to 496 days in Nova Scotia and 700 days in Ontario for non-
urgent appointments [3, 43]. If the eligibility criteria for hereditary
cancer services expand as predicted by our participants, even
longer wait times are likely unless substantial changes occur in
service delivery models. As universal access to essential medical
services is a core principle of the Canadian health system, the
survey findings highlight the urgent need for health human
resource planning for clinical genetic and genomic services to
provide adequate access for all individuals who need them.

Concerns about the future shortage of the human resources
required to meet expanding needs have also prompted discus-
sions on the potential use of alternative service delivery models.
Genetic counselors are currently unregulated in Canada, other
than in specific institutions or provinces which have a delegation
model of legal recognition in specific settings [44]. In our Delphi
results, regulatory changes that would allow genetic counselors to
provide genetic counseling or order some tests independently
were seen as likely by about half of respondents, many of whom
were genetic counselors, but there was support from other
genetics professionals. These regulatory changes may reduce the
workforce strain and could also increase access by expanding the
roles of genetic counselors beyond tertiary care centers, which is
where the majority of clinical genetic services are currently
provided in Canada.

Participants were asked their perspectives on changes in service
delivery models arising from technological innovations such as the
automation of tasks. These technological innovations may
mitigate the issue of increased provider time needed for more
complex genomic testing, by reducing the face-to-face appoint-
ment time or by streamlining the time needed for patient-related
activities or administrative tasks. However, it is also possible that
there will be disruptive technological innovations over the next 10
years that will impact service delivery that were not captured by
our survey. For example, we opted to not include any questions
about telemedicine because there is limited evidence evaluating
the impacts of telemedicine on resource efficiency gains including
human resources [45]. However, the uptake and utilization of
telemedicine have dramatically increased during the COVID-19
pandemic [46-49] and it is possible that virtual care could
fundamentally change service delivery in clinical genetics.

Our study had several limitations that are worth discussing.
Although there is some debate in the literature about the
appropriateness of using the Delphi method as a means of
determining expert consensus, we sought to overcome some of
these critiques by having a heterogeneous panel, blinding
participants to the identities and individual responses of other
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Table 3. Summary of the responses to the percent-style questions on Survey #1 and #2.

Scenario Survey* n Mean (SD) Median | do not Range p value®
know (n)

Oncology The percentage of individuals with any type of 1 25 51 (25.9)° 50 9 10-100 0.87
cancer who will receive germline > 14 59 (245) 55 4 25-100
pharmacogenetic testing to inform their ’
treatment options
The percentage of individuals who receive 1 25 44 (26.4) 50 9 8-100 0.94
tumor testing who will receive GWS D) 14 48 (24.1) 45 4 15-97
The percentage of individuals with any type of 1 24 36 (17.8) 30 5 20-80 0.18
cancer who will receive germline genetic D) 15 32(93) 30 1 20-50
testing for hereditary cancer variants ’

The percentage of individuals who receive 1 24 27 (23.6) 19.5 0-75 0.40
genetic testing for hereditary cancer who will 5 16 32(17.7) 30 10-80
receive GWS '

Suspected The percentage of pediatric patients with a 1 25 55 (28.3) 50 1 10-100 0.26

genetic suspected genetic disorder who will be offered 5 14 58 (233) 60 1 15-100

disorders GWS as their first-line genetic investigation ’

Service delivery The percentage of unaffected adults who will 1 22 9 (10.0) 5 1 0-33 0.16
receive population-based GWS to screen for 5 16 11 (105 10 1 0-30

adult-onset disorders.

The questions are ranked from highest mean to lowest mean on Survey #2 within each content area. Those who chose “I do not know” were excluded from
the mean calculation. One respondent’s answers were omitted from the final analysis.

GWS genome-wide sequencing (exome or genome sequencing).

*This item did not meet the stability definition, the mean changed by >15% from survey #1 to survey #2.
bp value comparing means from Survey #1 and Survey #2 using paired-samples t test.

respondents, and having multiple measures of agreement with a
focus on stability rather than consensus [19]. The size of our
Delphi panel (27 and 18 participants answered Survey #1 and #2
respectively) may not have been large enough to fully represent
the breadth of perspectives across Canadian provinces. However,
our study size was in keeping with other Delphi panels; a
systematic review of Delphi studies reported that in the final
round of the process over half of the studies had sample sizes
under 25 participants [30]. As with other aspects of the Delphi
method, there is no best practice for determining the sample size
required to represent the breadth of expert perspectives.

In addition, results might have been impacted by participants
providing their perspectives on a range of topics, not only those
related to their current area of practice, and by an over-
representation of participants working in British Columbia
(possibly because they were positively disposed to respond to a
survey from local researchers). Although we aimed to capture a
heterogeneous sample with our sampling framework, those who
chose to participate in the study may not be representative of the
entire Canadian workforce, granting a careful consideration of
potential sources of recruitment bias when bigger samples are
available. Of note, we had few individuals who identified as
laboratory geneticists or PhD geneticists participate in our study,
and since these individuals are not typically working in direct
patient care roles, their views about the broad implementation of
some of these scenarios may have been different than those who
are more clinically focused. Owing to their different setting and
expertise, there is the need for perspectives of laboratory
personnel to be included in health policy decisions.

Finally, it is difficult to determine what considerations may have
factored into participants’ responses, given that our questions
were framed in terms of expected broad implementation in the
respondent’s jurisdiction by 2030. This framing was intended to
inform workforce planning for the next decade, but we do not
know what other factors such as geographic location or aversion
towards risk might have influenced respondents when they

SPRINGER NATURE

considered expected utilization, uptake, reimbursement, and
clinical utility in the next 10 years.

CONCLUSION

The results from this study may be used to inform health human
resource planning for clinical genetic and genomic services. Our
results provide useful evidence to identify a range of plausible
futures that ought to be considered in strategic planning and
should be informative for administrators and policymakers across
high-income countries who are engaged in priority-setting for the
future need for clinical genetic and genomic services. Our study
adds to the existing knowledge about the perspectives of genetic
professionals on the future trends in the utilization and service
delivery of clinical genetic services in Canada. Future research in
this area could include eliciting perspectives from a broader group
of stakeholders including patient groups, policymakers, and
specifically targeting genetic professionals who are involved in
laboratory or industry settings. There may also be value in
conducting qualitative research in this area by using interviews
and focus groups to deepen our understanding of expert opinions
about the future of genetic services.

DATA AVAILABILITY
All data generated through the study are reported in aggregate form within the
manuscript. Respondent-level data will not be made available to protect the
anonymity of respondents.
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