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Place plays a significant role in our health. As genetic/genomic services evolve and are increasingly seen as mainstream, especially
within the field of rare disease, it is important to ensure that where one lives does not impede access to genetic/genomic services.
Our aim was to identify barriers and enablers of geographical equity in accessing clinical genomic or genetic services. We
undertook a systematic review searching for articles relating to geographical access to genetic/genomic services for rare disease.
Searching the databases Medline, EMBASE and PubMed returned 1803 papers. Screening led to the inclusion of 20 articles for data
extraction. Using inductive thematic analysis, we identified four themes (i) Current service model design, (ii) Logistical issues facing
clinicians and communities, (i) Workforce capacity and capability and iv) Rural culture and consumer beliefs. Several themes were
common to both rural and urban communities. However, many themes were exacerbated for rural populations due to a lack of
clinician access to/relationships with genetic specialist staff, the need to provide more generalist services and a lack of genetic/
genomic knowledge and skill. Additional barriers included long standing systemic service designs that are not fit for purpose due to
historically ad hoc approaches to delivery of care. There were calls for needs assessments to clarify community needs. Enablers of
geographically equitable care included the uptake of new innovative models of care and a call to raise both community and

clinician knowledge and awareness to demystify the clinical offer from genetics/genomics services.

European Journal of Human Genetics (2022) 30:645-652; https://doi.org/10.1038/s41431-021-01022-5

INTRODUCTION
Where we live influences our health and access to health care
services plays a key role.(1) Accessing care can be attributed to
both ‘composition’ factors (i.e., the characteristics of people who
live in particular localities e.g. age and socioeconomic status) and
‘context’ factors (i.e. the influence of the wider environment in
which people live e.g. the quality of the built environment and
availability of services) [1]. In particular, limited availability of
services has been reported to present specific challenges and so,
affect health care utilisation [2-4]. Here we focus on ‘context’ and
geographically equitable access to services. Health geography
literature to date has identified the presence of inequalities in
accessing health care due to place across multiple specialities such
as, emergency care [5] and drug use [6] with barriers reported,
such as, spatial disequilibrium of services and difficulties in
travelling to services [5-9]. Some factors influencing equitable
access to genetic/genomic services have previously been exam-
ined e.g. underserved communities [10] and navigating the health
system [11]. However, the influence of geography on equity of
access to genetic/genomic services is less clear.

Traditionally genetic, and in particular, genomic health care
services have been centred around specialist tertiary hospitals.

With the need for highly specialised teams interacting across the
laboratory and clinics with rapidly evolving knowledge and skills
[12] this centralised provision of services has been comprehen-
sible. However, as the evidence for clinical utility of genetics/
genomics in rare disease has emerged [13, 14] and, in many cases,
provision of care now falls within the remit of nongenetic
clinicians, is increasingly seen as mainstream [15]. Reduction in
sequencing costs [16], increased public awareness of genetics [17],
and dissatisfaction with the diagnostic odyssey [18] further fuel
demands for equity of care. With these shifts in what genetics/
genomics can offer, and public expectation of genetics/genomics,
comes the need to consider equity of access across the wider
population. Combining the uptick in the genetic/genomic clinical
offerings and the increased expectation of availability of services,
forms a need to ensure widespread availability of genetic/
genomic services across diverse geographical localities.

The aim of this systematic review was to reveal what is known
about geographical (in) equity in accessing clinical genomic or
genetic services for people with a non-cancer related rare disease.
Specifically, our objective was to identify barriers and enablers of
geographical equity in accessing clinical genomic or genetic
services.
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Table 1. Inclusion and exclusion criteria for articles.

Inclusion criteria

- Peer reviewed
Rare disease AND

- Geographical access to clinical genetic/genomic testing or services
(including exome sequencing, microarrays, etc.) OR

- Geographical mapping of genetic/genomic testing or services (including

genetic counselling, service models)

Exclusion criteria

- Reviews, editorials, commentaries etc.,

- Sole focus not on rare disease e.g. cancer

- Specialist genetic/genomic services e.g. Prenatal testing,
Pharmacogenomics

- Direct-to-consumer testing

- Aboriginal/indigenous communities

- Sole focus on rural or urban patients/health professional
experience with genetic services

c
.g Records identified through Records identified through Records identified through
‘8 database searching (Medline) Embase PubMed
b5 (n=479) (n=681) (n = 664)
S
k]
v
PR Total records Duplicates removed
(n=1824) (n=379)
00
£
c
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2 Records screened R Records excluded
(n = 1445) d (n =1364)
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. Full-text articles excluded,
Full-text articles assessed with reasons
5 for eligibility (n=28)
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] testing (n=25); not in
— StUd'e? assesse'd for English (n=1); intercountry
quality and bias access (n=1); assessment
(n=25) tool (n=1)
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S Studies included in (n=5)
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(n=20)
—

Fig. 1 PRISMA Flow Diagram adapted from Moher et al. [19].
METHODS
The literature search conducted followed PRISMA guidelines [19].
Search dates ran from January 2010 to July 2021. On the advice of
a health services specialist librarian the databases Medline,
EMBASE and PubMed were searched. Search terms were selected
through exploration of MeSH terms, consideration of key words in
current articles on geographical inequity and suggestions of
expert researchers in the field. Terms included: [(rural OR remote
OR regional OR metro/metropolitan OR urban) AND (clinical
genetic® OR ‘genom* test* OR exom* test OR ‘genetic service’)
AND (‘geograph* equit* OR inequal* OR accessibility OR ‘service
provision’)]. The full search can be found in supplementary file 1.
Articles were downloaded (N = 1824) into Endnote X9, a biblio-
graphic database. We discarded duplicates and incomplete
references (n=379) leaving 1445 papers for inclusion. Mining
reference lists did not reveal additional articles for inclusion.
Three reviewers (KA, NV and SB) independently analysed 17.5%
(n=250) of the same title and abstracts, applying inclusion and
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exclusion criteria (Table 1). We included empirical, human research
focused on geographical access to genetic or genomics services
for rare disease, including telehealth/telegenetics and excluded
commentaries, reviews and opinion pieces. We also excluded
articles focused solely on non-germline disease those that only
reported the experience of either rural or urban communities and
those not in English.

Inclusion/exclusion criteria were refined early in the title and
abstract screening process. The Fleiss’ Kappa statistic was
calculated to measure inter-rater reliability, achieving k=0.82
which is interpreted as ‘substantial agreement’ [20]. Following this
assessment, the remaining 1174 articles were screened by three of
the authors (KA, NV and SB) with weekly discussion across the
team regarding any challenging articles. The full-text of the
resulting 81 articles were assessed (KA, NV and SB), with 56
discarded as not meeting the inclusion criteria. The remaining 25
were further assessed for quality using the Hawker Tool [21] with
five articles discarded on the basis of poor reporting of bias or
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ethical issues. The final 20 full-text articles to be included in the
review were then analysed. The full search strategy is shown in
Fig. 1.

Data analysis

We adopted an inductive thematic analysis approach [22] to
provide structure to the analysis. First the authors familiarised
themselves with the full text articles independently before
generating themes. Themes were refined by three authors (KA,
NV and SB) through a series of discussions. Once themes were
established one author (SB) completed the coding with regular
review from the team.

RESULTS

From the 20 papers in our search, the mainstay were from the USA
(n = 12) though one article was a comparison with Malaysia. Four
articles were from the UK, two based in Canada and one each
from Brazil and Mexico. Most articles were published in 2019/2020
(h=9) with four published in 2015/6 and seven pre-2013.
Participants in the studies were either families or patients (n =
6), health care providers or policy makers (n = 3), genetic teams
(i.e. clinicians and laboratory scientists) (n=4) and specifically
genetic counsellors (n=5) and clinical geneticists (n=1), with
one paper incorporating the views of consumers, genetic
professionals and the public. The majority of the studies were
quantitative (n=12) with five mixed methods and three
qualitative studies. The aims for the studies varied. Many articles
investigated the landscape of service provision (n=10), seven
specifically examined issues of equity and access to genetic/
genomic services including outreach clinics and referral patterns.
Three reported the views of practitioners and families on current
genetic/genomic service provision. For more detail see Table 2.

Themes

We identified four themes, (i) Current service model design (ii)
Logistical issues facing clinicians and communities, (i) Workforce
capacity and capability and (iv) Rural culture and consumer beliefs.
Across the four themes, more barriers were reported than
enablers. Here we present the barriers and enablers to equitable
service provision identified within each theme.

i. Current service model design: Extant models for service
delivery compromise, ‘both the efficiency (allocating
resources in accordance with levels of need) and equity
(equal service provision for equal need) of resource
utilisation’ leading to inequality in genetic service provision
for rural communities [23, 24]. Systemic issues were
reported to perpetuate the provision of existing service
models e.g. distribution of genetic workforce, centred in
urban areas [25-27] and lack of investment in rural services
[28]. It has been recognised that calculating demand for
genetic services, and so developing an appropriate service
model, can be challenging [29]: there are numerous
variables to be considered such as, awareness of services,
referral patterns and geographical location [29]. However, to
date, the design of service models was reported to have
been piecemeal, dependent on assumptions of need and
advocacy of local communities [30, 31] reinforced by a lack
of local provider and community knowledge about genetic
services [32].

Nevertheless, there is a desire to see geographically
equitable services [23, 33]. The first step reported for
initiating change in service models is a needs assessment
and then creation of locally appropriate strategies
[24, 34, 35]. There was clear evidence of a range of non-
traditional service models being proposed to promote
equity of service provision, including telegenetic services

European Journal of Human Genetics (2022) 30:645 - 652
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iv.

[27, 36, 37] group based counselling [27, 33] and delivery of
genetic services via a regional genetics model [25, 38].
Logistical issues facing clinicians and communities: Day to
day systemic challenges to delivery or receipt of geogra-
phically equitable genetic/genomic services were experi-
enced at all levels e.g. patients, communities, health care
provider, organisation [25]. The duration of travel for those
travelling into genetic services from rural communities, and
in particular those dependent on public transport were
reported to impact on equity of service provision [23, 31].
One provider reported, ‘There are some folks who lack the
organization, the money, or the car to drive [5h]. It’s just
beyond them. They’re not going to be able to do that!
[31]. The time required to access a genetic service can then
leave patients with additional unwanted opportunity costs
such as, taking time off work (linked with job security) and
challenges finding childcare [36, 39]. A lack of insurance and
ongoing chronic illness were also associated with unmet
need [40]. Service provider barriers to the implementation of
locally appropriate services were also reported. Cost,
accessibility to equipment and sustainable billing proce-
dures were all often noted [27, 33, 35, 37, 38] with Vieira [28]
relating challenges with the transportation of samples from
rural areas in Brazil.

Overcoming logistical issues was largely focused on

service providers, though service models of telephone and
telemedicine services were suggested in order to reduce
travel distance and time for patients [23, 33]. The need to
support rural service providers was stressed, with technical
support for services such as telegenetics proposed
[25, 37, 38]. While innovative service models may provide
a way to overcome logistical issues for rural communities,
service providers faced challenges with sustainable billing
systems to ensure reimbursement [27, 35, 39]).
Workforce capacity and capability: The capacity of rural
service providers to engage with genetics was reported to
be curbed by the challenges of keeping up to date. Several
papers identify that rural service providers deliver more
generalist service than their urban equivalents, limiting the
potential for genetic/genomic expertise [25, 30, 38]. The
absence of genetic/genomic knowledge is further com-
pounded by a lack of informal liaison with colleagues and
follow up contact with specialists [38]. A deficit of rural
practitioner awareness, knowledge and skills of genetic
services was reported, compounded by insufficient time to
embed genetics into their workload and inadequate guide-
lines for management of genetic conditions [27, 38, 41]. In
particular, Bernhardt [41] notes a shortage of providers to
request genetic testing in rural settings, a lack of local
knowledge on how to navigate the testing pathway and
finally a paucity of rural provider knowledge on how to
interpret genetic results.

A common theme to alleviate some of the workforce
issues was to increase the size of the genetics workforce
[34, 38, 41]. Also suggested was the promotion of
awareness, amongst rural providers, of the role for genetic
service and developing supporting partnerships/ accessi-
bility between genetic and nongenetic providers
[25, 27, 32, 37, 38, 41]. Similarly, industry sponsorship for
attending continuing education activities related to genetics
was proposed, though there was caution with the risk of
bias [38].

Rural culture and consumer beliefs: There was little
discussion about the impact of rural culture though Harding
[38] does make reference to rural primary care providers’
ethos of ‘doing without' with concern that this approach
could limit the implementation of new diagnostic and
management approaches such as incorporating genetic/
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Fig. 2 Barrier and enablers identified in the literature.

genomics into care. Consumer concerns about genetic/
genomics included the belief that the test was expensive
and would not be covered by health insurance (with some
participants reporting that insurance would not fund
testing), lack of understanding of genetics, potential for
impact on insurance, and limited awareness about manage-
ment options [41]. A lack of community knowledge and
awareness of the value of genetic services was also
identified [27, 32, 38, 41].

Holloway's [42] study found that establishing satellite genetic
counselling clinics did not improve attendance, implying distance
is only one obstacle for patients accessing genetic/genomic care.
Although it was noted that there is a lack of flexibility in traditional
service models [36], others have reported specific challenges
when initiating change in rural areas [35, 37]. Conversely, Penon-
Portmann [29] reported that many people travelled further than
their nearest genetics provider which can be in part due to patient
preference but also associated with their insurance requirements/
insurance issues, specialisation of the provider and waiting times.
Several papers provided a call to raise awareness of the benefits of
genetics/genomics in order to demystify the clinical ‘offer’ from
this speciality [34, 41].

DISCUSSION

Themes identified from this review, (i) Current service model design
(ii) Logistical issues facing clinicians and communities, (i) Workforce
capacity and capability and (iv) Rural culture and consumer beliefs
describe the barriers and enablers identified for provision of a
geographically equitable genetic/genomic service. First, current
service designs were rarely reported to be fit for purpose for
providing geographically equitable care. Second, both clinicians
and their populations experienced practical challenges in deliver-
ing and receiving care. Third, the current capacity of genetic and
nongenetic staff is well below their ability to deliver equitable
services. Additionally, nongenetic staff capability was also found
to be lacking both knowledge and skills to deliver genetic/
genomic services. Finally, in line with other specialities, the
influence of rurality was reported to impact expectations of
service provision and receipt [43]. Figure 2 maps the identified
barriers and enablers.

SPRINGER NATURE
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Build partnerships
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Barriers identified in this review were frequently common to
both urban and rural practitioners and patients. For example,
establishing sustainable reimbursement models and accessing
genetic/genomic knowledge and skills. However, the impact of
these barriers was often exacerbated for rural communities [44].
Rural communities often face adversity and challenges to their
wellbeing [45]. Many rural residents experience ‘rural self reliance’
[46] whereby they have to access care from a healthcare system
that promotes personal responsibility while providing minimal
social support. A consequence of this may be that rural patients
make less use of services such as genetic/genomics where key
areas of focus include support, prevention and care for the
individual with rare disease. Additionally, rural clinicians have a
lack of immediate support and opportunities to develop relation-
ships with genetic professionals for clinicians and the challenge of
carrying a more generic caseload [38]. Many of the barriers
reported were systemic long-standing challenges, for example, a
historically ad hoc approach to service design. Genetic/genomic
service models will have been designed before the advent of
clinical genomics and dependent on in person patient assessment.
This review found the advances in genetic/genomic knowledge
and increasing complexity of clinical genetics/genomics may
mean that delivery of genomic services may be better suited to a
hybrid model with a combining genetic counsellors, telehealth,
supported local nongenetic specialists and clinical geneticists
accessible for advice and complex cases [25, 33, 37]. There were
calls for needs assessments to establish more geographically
equitable services, however, this would only be the first step and
would need following up with policy and action.

Solutions reported included increasing the number of genetic
professionals. However, with a finite health resources budget, any
increase in one staff group would likely require consideration of
what to defund. As the use of genomic testing is increasingly
integrated into the healthcare system, it will be essential for
service models to evolve to provide support for local health
professions so that they are equipped to meet the needs of
families with rare disease. Interestingly, many papers called for the
use of new innovative models of care, citing various telehealth
approaches to help reduce travel distances for rural communities.
While there have been some challenges in the uptake of these
approaches, the adoption of many will have been accelerated
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through COVID-19 [46, 47]. It is essential for the purpose of
geographical equity of service provision that many of these
pandemic lessons are continued into routine care. Other solutions
called for an increase in genetic/genomic knowledge and
awareness for both the community and the clinician. Clarifying
what clinical genetic/genomic services can provide for different
clinical specialities is essential to establishing equitable service
provision. There was a call for coordinated national approaches to
education, for example in Canada, to develop clinicians’ genetic/
genomic knowledge and skills [48].

Barriers to equitable service provision identified from the
literature are noted in Fig. 2 and hypothetically linked with
potential enablers. Barriers are distributed across consumers,
clinicians and organisational settings though relatively few
enablers are noted directly for patients and the community.
Additional enablers may be present though not reported in the
papers from this review.

Limitations

Our study focused on rare disease and therefore did not take in
the oncology or other clinical speciality literature on geographical
inequity. A further study may be of benefit to highlight challenges
specific to these fields. The majority of articles were from the USA
(n=12), potentially swaying the discussion to factors relevant to
that healthcare system e.g. reimbursement. Only seven papers
included the consumer perspective suggesting this aspect would
benefit from further investigation. There were relatively few
qualitative papers (n=6) implying there exists additional per-
spectives to be studied. Figure 2 demonstrates barriers and
enablers to accessing genetic/genomic services for people with
rare disease from the perspective of consumers, clinicians and
organisations. Qualitative studies could provide valuable insights
into why the barriers exist and, most importantly, identify targeted
strategies to address specific barriers which may include the need
for policy changes [49]. Finally, we did not define a measure of
urbanity or rurality, accepting the definitions provided in
each paper.

CONCLUSION

Many of the challenges for equitable service provision were
conflated with non-geographical factors e.g. health literacy [34],
awareness (and so interest) of genetic/genomics for both patients
and physicians [38], health insurance [29] all of which were
reported to diminish in more rural communities. While this study
focused on rare disease, many of the lessons are transferable into
other clinical settings e.g. cancer and other specialist services e.g.
transplant services. To achieve the goal of geographically
equitable genetic/genomic services the next step for many service
providers is to undertake a needs assessment. Determining the
unmet need across the locality should be rapidly followed by the
co-design, implementation and evaluation of community appro-
priate innovative service models. While genetics/genomics is a
relatively new clinical speciality, it has a prime opportunity to
adopt innovative models of care to ensure all communities
regardless of where they live, have the opportunity to benefit
from genetic/genomic services.
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