Check for
updates

| CAMBRIDGE

UNIVERSITY PRESS

Twin Research and Human Genetics (2023), 26, 40-48
doi:10.1017/thg.2023.10

Article

Human Genetics Society of Australasia Position Statement: Use of
Polygenic Scores in Clinical Practice and Population Health

Mary-Anne Youngh>*, Tatiane Yanes®™, Anne E. Cust*>, Kate Dunlop®, Sharne Limb®’, Ainsley J. Newson?8,
Rebecca Purvis®’, Lavvina Thiyagarajan®®, Rodney J. Scott!!?, Kunal Verma!®, Paul A. James®"* and

Julia Steinberg®*

1Garvan Institute of Medical Research, Sydney, NSW, Australia, 2St Vincent’s Clinical School, Faculty of Medicine, The University of New South Wales, Sydney,
New South Wales, Australia, 3Dermatology Research Centre, Frazer Institute, The University of Queensland, Brisbane, Queensland, Australia, “The Melanoma
Institute Australia, The University of Sydney, NSW, Australia, °The Daffodil Centre, The University of Sydney, a joint venture with Cancer Council NSW, Sydney,
New South Wales, Australia, ®Parkville Familial Cancer Centre, Peter MacCallum Cancer Centre and Royal Melbourne Hospitals, Melbourne, Victoria, Australia,
'Sir Peter MacCallum Department of Oncology, The University of Melbourne, Victoria, Australia, 8The University of Sydney, Faculty of Medicine and Health,
Sydney School of Public Health, Sydney Health Ethics. Sydney, New South Wales, Australia, °The University of New South Wales, Sydney, New South Wales,
Australia, °Sydney Children’s Hospital Network, Sydney, New South Wales, Australia, **School of Biomedical Sciences and Pharmacy, College of Health and
Wellbeing, University of Newcastle, New South Wales, Australia, 12Division of Molecular Medicine, NSW Health Pathology North, New Lambton, Newcastle,
New South Wales, Australia, 3Monash Genetics, Monash Health, Melbourn, Victoria, Australia and *Monash Heart, Monash Health, Victoria, Australia

Abstract

Considerable progress continues to be made with regards to the value and use of disease associated polygenic scores (PGS). PGS aim to capture
a person’s genetic liability to a condition, disease, or a trait, combining information across many risk variants and incorporating their effect
sizes. They are already available for clinicians and consumers to order in Australasia. However, debate is ongoing over the readiness of this
information for integration into clinical practice and population health. This position statement provides the viewpoint of the Human
Genetics Society of Australasia (HGSA) regarding the clinical application of disease-associated PGS in both individual patients and population
health. The statement details how PGS are calculated, highlights their breadth of possible application, and examines their current challenges
and limitations. We consider fundamental lessons from Mendelian genetics and their continuing relevance to PGS, while also acknowledging
the distinct elements of PGS. Use of PGS in practice should be evidence based, and the evidence for the associated benefit, while rapidly
emerging, remains limited. Given that clinicians and consumers can already order PGS, their current limitations and key issues warrant con-
sideration. PGS can be developed for most complex conditions and traits and can be used across multiple clinical settings and for population
health. The HGSA’s view is that further evaluation, including regulatory, implementation and health system evaluation are required before
PGS can be routinely implemented in the Australasian healthcare system.
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Background Historically, the focus in human genetics has been primarily on
Mendelian conditions determined by a strong single gene effect.
Recent developments in technology and analysis have allowed
the measurement of more complex genetic effects that can be
expressed in the form of polygenic scores (PGS). There has been
arapid expansion of research information in the field of PGS, albeit
with ongoing debate about their readiness for implementation into
healthcare, including discussion of their potential benefits and
risks, and persistent gaps in the evidence (Hunter & Drazen,
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The Human Genetics Society of Australasia (HGSA) supports the
genetic health of the Australian and New Zealand populations.
The Society advocates for the safe, ethical, and effective use of
genetic information in healthcare. It promotes the establishment
of high standards of professional practice, contributes to profes-
sional and lay education, and promotes public awareness of human
genetics.
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highly valuable. PGS are frequently included alongside other types
of risk information in models that provide a combined personal
estimate of disease risk. They can also be used beyond estimating
risk; for example, to facilitate diagnosis and predict prognostic out-
comes as well as guide therapeutic interventions.

Although PGS have begun to transition from discovery research
to studies of clinical implementation in some fields, their use
remains nascent. They are available to be ordered from a small
number of commercial providers but have not been adopted as
a component of standard practice in Australian or New Zealand
health services, reflecting some important limitations with regard
to their use in routine clinical care or population health programs.

This position statement outlines the HGSA’s stance on the use
of disease-associated PGS in clinical practice and population
health. Its focus is on health conditions rather than nondisease
traits. The statement identifies and discusses current limitations
with PGS and points to the additional evidence required and issues
to be considered before PGS can be appropriately, safely, effectively
and ethically implemented into the Australasian healthcare system
and routinely used for individual patients or populations.

What are PGS and how are they calculated?

PGS are a measure of what can be called ‘genetic liability’ and
reflect the continuous spectrum of risk found in the population.
They stand, in contrast, to the rare genetic variants with a strong
binary effect on risk, with the variant being present or absent,
which have been the traditional focus of clinical genetics (C. M.
Lewis & Vassos, 2017). PGS generally provide information that
can be used to enhance or guide, rather than replace, existing risk
prediction models and diagnostic pathways. PGS can capture risk
not obtained by other risk predictors commonly used in clinical
genetics, including family history and monogenic disease variants
(Jiaetal., 2020). Some groups view PGS as akin to other biomarkers
commonly used to assess risk, such as cholesterol, whereas others
do not, primarily due to the unchanging nature of an individual’s
genetic makeup (Moorthie, 2021).

Genomewide association studies (GWAS) yield summary sta-
tistics that describe the effect size and the statistical significance
of the association between a variant and the outcome of interest
(Visscher et al., 2017). These associations are combined to generate
a PGS that acts as an estimate of an individual’s germline risk pro-
vided as a numerical indicator for a specific disease or trait
(Torkamani et al., 2018; Wand et al.,, 2021). The performance of
a PGS as a predictor of disease risk (or other outcomes) is depen-
dent, in part, on the quality and power of the GWAS that inform it
and how well these studies reflect the population where the PGS is
being applied, particularly with respect to genetic ancestry. As of
2021, approximately 86% of GWAS participants were of
European ancestry, despite representing less than 16% of the global
population (Fatumo et al., 2022; Martin et al., 2019). This disparity
has resulted in poorer PGS performance in non-European popu-
lations. More inclusive genomic research is widely recognised as a
priority by the genetics community, and various studies are now
underway that aim to develop more diverse databases that are rep-
resentative of global populations (Fatumo et al., 2022).

Many methods have been proposed to develop PGS, with the
optimal approach dependent on the genetic architecture of a spe-
cific disease and the requirements of a particular clinical or pop-
ulation health application. The development of new and
improved methods of constructing PGS (e.g., by applying new stat-
istical techniques, incorporating functional information for
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Box 1. Definitions

Single Nucleotide Polymorphism (SNP): a genomic variant at a single
base position in the DNA. A SNP is the most common variation in
the human genome. This term is often used by convention in the
PGS field to also include common genomic variants that involve multi-
ple nucleotides. Also referred to as a single nucleotide variant (SNV).

Genomewide association studies (GWAS): an observational
research approach that involves genotyping a large number of var-
iants in a substantial number of cases and controls to identify genetic
variations associated with the occurrence of a particular trait or
disease.

Polygenic score (PGS): a score quantifying an individuals’ genetic
liability to a disorder or a trait. The score combines information about
many genetic variants associated with the disease or trait, usually
weighted based on the effect size from the discovery GWAS and stand-
ardized using the distribution in a relevant population. May also be
referred to as a polygenic risk score, polygenic hazard score, or a
genetic or genomic risk score (Wand et al., 2021; Yanes, McInerney-
Leo et al., 2020).

Integrated risk model: a model that combines PGS information
with additional risk factors such as age, sex, clinical measurements,
environmental risk factors and other biomarkers or measurements
to provide a single composite risk estimate. Sometimes referred to
as an integrated risk score, personalized risk score or holistic risk
score (Wand et al., 2021; Yanes, McInerney-Leo et al., 2020).

Clinical utility: a multidimensional concept for which there is no
single definition. In clinical genetics, clinical utility can refer to the
effect of genetic testing information on diagnosis, prognosis, thera-
peutic management, the health and psychological wellbeing of
patients and their relatives, and healthcare system costs. Clinical
and personal utility are interlinked (Foster et al., 2009; Kohler
et al.,, 2017; Walcott et al., 2021).

Personal utility: although there is no single definition, personal
utility can be defined as the value of the information to the person
being tested. Clinical and personal utility are interlinked (Foster
et al., 2009; Kohler et al., 2017; Walcott et al., 2021).

Population health: the health status of groups or whole popula-
tions, where policies and interventions aim to improve population
health outcomes.

variants, or by combining information across diseases and traits)
is a very active area of research, with the strategies employed for
variant selection and weighting of individual variants differing
between diseases and populations. No consensus has yet emerged
around an optimal methodology.

When considering the suitability of a PGS for clinical imple-
mentation the same standards of evidence used generally in clinical
practice should be applied (Guyatt et al., 2011). Despite the
common methodologies, the performance of each PGS as a risk
prediction tool requires separate validation in adequately powered,
independent datasets relevant to the intended implementation in
order to determine key metrics, such as the score distribution, cal-
ibration, discrimination (sensitivity/specificity at different risk
thresholds) and predictive ability (Choi et al., 2020). Notably, some
of these aspects must be evaluated in prospective cohort studies
and cannot be determined from case-control studies alone
(Lambert et al., 2019; C. M. Lewis & Vassos, 2020). The increasing
availability of large-scale data and the proliferation of different
methods has led to the development of hundreds of PGS for differ-
ent conditions, including multiple cancers and cardiovascular
disease, with some of them showing promising predictive perfor-
mance (Lambert et al., 2019; C. M. Lewis & Vassos, 2020; Wand
et al., 2021).
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However, a much smaller number have currently met the
accepted standard of evidence required for a test to be used for
clinical care outside the setting of a research study.

Current Availability of PGS in Australia and New Zealand

The readiness of PGS for clinical implementation remains an issue
that requires further consideration. However, this statement recog-
nises that PGS are currently available commercially for use in several
clinical settings, including for more contested applications, such as
preimplantation embryo screening (K. W. Davis, 2021). Similarly,
individuals are increasingly accessing PGS testing through research
studies and online direct-to-consumer testing, which may lead them
to seek support from their healthcare provider regarding interpre-
tation of the results. Clinicians currently utilizing PGS in the clinical
care of individuals or population health should proceed with caution
as there are many caveats that deserve closer scrutiny, as outlined in
Table 1. It is the professional and ethical responsibility of an ordering
clinician to understand the benefits and limitations of the test and
determine whether there is sufficient evidence to support its use in
clinical care. Clinicians considering these tests should also under-
stand the potential ethical, legal and social dimensions of the
PGS, and as with any genetic test, the requirement for informed con-
sent and effective communication of the implications of the results
(K. W. Davis, 2021).

The Potential Clinical Application of PGS in Healthcare

It is possible to develop a PGS to assess the risk of most common
disorders and the potential clinical application of PGS is broad, but
the pathway to clinical implementation is likely to be context
dependent. Proposed applications of PGS (summarized in
Table 2) include population screening, modifying or refining risk
estimates in individuals with monogenic disease, facilitating diag-
nosis and predicting prognostic outcomes, as well as guiding thera-
peutic interventions (C. M. Lewis & Vassos, 2017; Moorthie et al.,
2021; Torkamani et al., 2018).

What Have We Learned to Date?

The integration of polygenic scores into clinical care and population
health is likely to involve a different path to that taken for Mendelian
genetics and rare conditions. It can be anticipated to require updat-
ing of several aspects of the current model of practice, described
below. However, while there are many differences, there are also
similarities in relation to fundamental issues already addressed in
the clinical application of Mendelian genetics and which will have
continuing relevance in the polygenic context. The extensive knowl-
edge and experience gained from the development of clinical genet-
ics in practice should continue to inform the implementation of
PGS, preventing duplication of efforts and waste of resources.

Psychosocial Implications of Genetic Information

Historically, concerns have been raised about the potential for the
information that arises from genetic testing in Mendelian disorders
to lead to psychological harm (Kash, 1995; Smith-Uffen et al,, 2021).
In fact, the evidence of long-term adverse psychosocial outcomes
resulting from genetic testing in Mendelian disease is limited and
there is now substantial contrary evidence demonstrating that infor-
mation arising from genetic testing can have psychological value
(Oliveri et al., 2018; Ringwald et al, 2016; Yanes et al, 2019).
Notwithstanding short-term distress, information arising from
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Table 1. Considerations for PGS Implementation into Australasian Healthcare
Systems

Domain Consideration

Test methodology 1. Compared to other biomarkers or genetic
tests, PGS lack technical stability. The
construction of PGS can vary widely and
the ideal method is not fixed.

2. These differences in methodology, along
with the content of the PGS and
reference population data used mean that
the results from one provider may differ to
another.

3. Derivation data sets have been
disproportionately based on individuals of
European ancestry; as such, PGS can be
anticipated to be less predictive in other
populations. Relevant reference data is key
to clinical applicability for a given
individual.

Accreditation, regulation 3 clinical PGS testing should be provided in

and clinical reporting accordance with Australasian regulatory
standards and guidelines e.g., from the
National Association of Testing Authorities
(NATA), National Pathology Accreditation
Advisory Council (NPAACC) and the
International Accreditation New Zealand
(IANZ).

2. Currently there is no consensus on optimal
genotyping platforms, bioinformatic
pipelines and reporting formats to
maximise the clinical utility of PGS reports
issued by laboratories.

Integration into existing 1. PGS can be interpreted in isolation or in

risk models combination with existing risk prediction
tools. The most effective application of a
PGS will vary for different conditions and
is dependent on the current evidence in
that field.

Ethical Legal and Social 1 The impact of PGS on risk-rated personal
Implications (ELSI) insurance products is unknown

2. Evidence of scientific value for the use of
PGS in preconception screening,
preimplantation genetic testing and/or
prenatal diagnosis is extremely limited and
significant ethical concerns have been
identified (Lazaro-Munoz et al., 2021;
Polyakov et al., 2022)

3. Care is required to ensure that
implementation of PGS is driven by
established measures of benefit to
individuals and populations rather than
commercial imperatives alone.

genetic testing can be viewed as a way for individuals to gather
important information to enable proactive health management.
Concerns have now also been raised about psychosocial harms
following PGS, although evidence is again limited (Fenton et al.,
2018; Forrest et al., 2019; Wallingford et al., 2022; Young et al.,
2017). Research to date demonstrates that testing for PGS offered
in clinical practice or population health has a high uptake, is gen-
erally acceptable to providers and recipients, and aligns well with
the general conception of heritability in the population that expects
inherited features to reflect a genetic contribution from both
parents (Marteau & Richards, 1996; Willis et al., 2021; Young
et al,, 2017). Studies in the clinical setting have found a good level
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Context Application Benefits
Enable population screening programs to target
Population screening 1. Stand-alone screening tool resources more effectively by:
2. Risk estimate adjunct to existing screening tools for 1. Offering more intensive screening interventions to
refining risk stratification, depending on the disease higher risk individuals e.g., earlier age of screening,
more frequent screening, additional screening
modalities.

2. Reducing screening in lower risk individuals which
will reduce screening burden and associated harms
of overtreatment or overdiagnosis

Refining personal risk in monogenic 1. Refined risk estimates for carriers of monogenic 1. Provide more personalised risk estimates
disease risk estimates variants in moderate risk cancer predisposition genes 2. Enable individually tailored risk management

Differentiating a genetically defined

group of individuals with high familial 5

risk who have specific clinical

e.g., CHEK2, PALB2 (Gao et al., 2021)
Additional information regarding genetics contribution
to familial breast cancer(Sawyer et al., 2012).

strategies.
3. Support patient decision making in cases where risk
management interventions have physical and

features. psychosocial risk (e.g., bilateral prophylactic
mastectomy, colonoscopy).
Facilitating diagnosis & predicting 1. Improved disease diagnosis where there is significant 1. Improved complex disease diagnosis leading to
REOSHOSIEE phenotypic overlap e.g., differentiate between bipolar improved patient outcomes
disorder and schizoaffective disorders or type 1 and 2. Improved prediction of disease prognosis and
type 2 diabetes (Vassos et al., 2017) subsequent events leading to improved patient
2. Refined disease prognosis or prediction of subsequent outcomes
events; e.g., contralateral breast cancer, subsequent
primary melanoma or recurrent myocardial infarction.
Guiding therapeutic interventions 1. Prioritisation of therapeutic interventions e.g., statin

therapy for some individuals at high risk for coronary

1. Tailor therapeutic interventions, leading to improved

artery disease (Mega et al., 2015; Natarajan et al.,

2017)

patient outcomes and reduction of unnecessary
harms
2. Improve cost effectiveness of interventions

of knowledge among patients of the broad concepts related to poly-
genic risk information; for example, mode of inheritance, risk for
other family members (Young et al., 2017). Acceptability may also
be influenced by the personalized nature of risk information
derived from PGS, which does not inform risk for family members
to the same extent as Mendelian genetic testing information (Cox
et al,, 2018); women from high-risk families have described relief
about the nature of personalized risk, that is, risk for family mem-
bers (Yanes, Kaur et al., 2020). Despite these reassuring findings,
some individuals have been shown to experience greater distress,
especially in a setting where PGS is reported for multiple condi-
tions or where healthcare providers are not involved in the delivery
of results (Haga et al., 2014; Peck et al., 2022).

Communication of genetic information in families in
Mendelian genetics is essential to enable cascade testing for at-risk
family members. Family communication has been extensively
studied especially in monogenic settings (Burns et al., 2018; Gaff
etal., 2007; Mendes et al., 2018). As PGS information does not have
the same family implications as monogenic diseases, these issues
are potentially less critical, but careful communication by health
professionals regarding the implications for family members is
needed where monogenic and polygenic information is combined
to provide a refined personalized risk.

Ethical, Legal and Social Issues (ELSI) in PGS

Implementation of PGS in clinical care and population health will
necessitate consideration of ethical, legal and social issues (ELSI)
against a background of existing international ELSI literature,
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policy and regulation regarding genetics, and genomics more
broadly. A key consideration is whether PGS raise new or unique
ELSI considerations. It has been proposed that PGS give rise to
similar ELSI issues as occurs in other kinds of genetic and genomic
testing, although in a modified and distinct way (A. C. F. Lewis &
Green, 2021). Examples of PGS ELSI issues include equity, using
PGS in reproduction, and possible insurance discrimination.

Equity considerations in the use of PGS comprise two aspects:
access to testing and the impact of the use of PGS on existing social
determinants of health. Any widespread clinical or population
health implementation of PGS must take place alongside effective
efforts to ensure that this application will benefit recipients regard-
less of ancestral background or other socio-demographic factors. It
is essential that existing inequities in access to monogenic testing
are not further exacerbated. Current GWAS and genomic data-
bases do not represent the diversity of human genomes, leading
to inequities due to lack of PGS availability or reduced predictive
ability (Martin et al,, 2019). In addition, many of the common,
complex conditions where PGS have been reported to predict risk
are impacted to a large degree by social determinants of health,
such as living conditions and income. Resources should not be
diverted to PGS as a technological solution to entrenched health
problems while failing to address these well-described and long-
standing issues. Instead, strategies to implement PGS should
include active consideration of how this transition can contribute
to the ongoing work of improving health services and social struc-
tures for the unde-served and marginalized.

The HGSA does not endorse the use of PGS in reproductive
decision making, including preconception screening, embryo


https://doi.org/10.1017/thg.2023.10

44

testing and prenatal diagnosis (K. W. Davis, 2021; Forzano et al.,
2022). Not only do current PGS provide information on the risk of
a fraction of likely future medical disorders, and in many cases a
modest component of the heritability for those disorders, but many
of the conditions where PGS might provide a prediction of future
risk can be effectively mitigated or prevented through health
behavior modification. Using PGS to select against the risk of con-
ditions (including common adult-onset disease) is currently
beyond the scope of sustainable reproductive care. Irrespective
of whether the use of PGS data is eventually shown to have an
element of clinical utility in the reproductive setting, any use of this
information should be informed by the values of those seeking this
information, including the rationale for use of PGS and what
reproductive decisions might be made in light of results obtained
(Forzano et al., 2022).

Insurance providers are aware of PGS and seem enthusiastic
about its potential future use (including as a ‘leading’ source of
information) in risk assessments for products such as life insurance
and income-protection insurance (Vukcevic & Chen, 2018; Scott
McKay, 2022). The HGSA’s current position statement on insur-
ance does not explicitly consider the use of PGS in research and
clinical practice (Newson et al., 2018). However, the HGSA recog-
nises the need for education on ELSI aspects of insurance, and rec-
ommends that the Australian government take a more active role
in regulating use of genetic information in personal insurance,
which can include PGS. It is now the HGSA’s recommendation
that the Australasian insurance industry deliberate and transpar-
ently disclose how information derived from PGS will be used,
especially because risk rating for personal insurance products
has always incorporated the notion of polygenic inheritance.
PGS should also be considered in future revisions of any relevant
Industry policy, such as the existing Australian Industry led mora-
torium (Financial Services Council, 2019). In a separate position
statement, the HGSA promotes liaison between regulators, the
insurance industry genetics profession to foster accurate interpre-
tation and use of genetic information, especially for emerging test
types such as PGS. The Society also advocates that genetic infor-
mation obtained in research studies is excluded and that govern-
ment should play a more active role in regulating the use of genetic
information in insurance (HGSA, 2023)

Additional ELSI considerations relate to the technology itself.
While array-based approaches that provide hundreds of thousands
of genotypes from a single test are cost effective, their output can
potentially be used to simultaneously generate PGS and define risk
for many different conditions. As with any genetic test, testing
should have a well-justified indication and a mode of consent
appropriate to the test circumstance should be sought. Consent
to generate PGS should include engagement over the purpose of
the test and what information it might generate. The possibility
of PGS generating unanticipated information should also be dis-
cussed as part of any strategy to implement PGS testing in practice.
While genetic tests used for PGS can be designed to mitigate the
identification of unexpected information, the need to incorporate
information about an individual’s ancestry to correctly interpret a
PGS means that laboratories may test for ancestry (explicitly or
implicitly) as part of the PGS calculation. Issues around measuring
and interpreting genetic ancestry are complex (A. C. F. Lewis et al.,
2022) and laboratories and clinicians need to consider the impli-
cations of generating, reporting and retaining genetic-ancestry
data; for instance, if the tested ancestry differs from the reported
ancestry, would this be disclosed, and if so, how could this be done
in a way consistent with patient-centred practice?
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To the HGSA’s knowledge, PGS have not been specifically men-
tioned in relevant regulation to date, such as in pathology accredi-
tation guidelines. We encourage relevant bodies to consider PGS
when revising such instruments. As with other genomic technol-
ogies, care should be taken to ensure that commercial imperatives
or drivers to increased information provision are not the determin-
ing factors in the implementation of PGS if this is not genuinely
reflected in the clinical or personal utility of that information.

Behavioral Response to PGS Testing

Generally in public health even effective behavior change interven-
tions typically have modest effects with significant heterogeneity of
short- and long-term outcomes (R. Davis et al,, 2015). For diseases
such as cancer and cardiovascular disease, genetic testing for mono-
genic causes has been shown to lead to increased risk-mitigating
behaviors (Heshka et al., 2008). Early studies that investigated similar
responses for genomic testing were limited by methodological issues
(Hollands et al., 2016) and found only equivocal evidence that PGS-
based tests resulted in behavioral changes associated with prevention
or early detection of disease (Frieser et al.,, 2018; Hollands et al., 2016).

Several studies have now evaluated the impact of communicat-
ing PGS on health behavior, with mixed results (Wallingford et al.,
2022). Compared to individuals with a low PGS, those with a high
PGS have reported improvements in sun protection behaviors and
skin examinations (Lacson et al., 2021; Saya et al., 2020), and
increased uptake of risk-reducing medication for cardiovascular
disease, resulting in lowered LDL-cholesterol levels (Muse et al.,
2022). However, other studies in type 2 diabetes and cardiovascular
disease have shown mixed results with regard to physical activity,
weight loss and smoking cessation (Godino et al., 2016; Widen
et al,, 2022). The extent to which PGS-based tests lead to positive
behavioral responses requires further investigation as an important
determinant of their value in clinical and public health settings. To
date, there has been limited use of health behavior theory to inform
PGS intervention, with most studies focusing on education as a key
driver of behavior change (Wallingford et al., 2022). While impor-
tant, education alone is not sufficient to drive behavior change.
Thus, careful consideration of health behavior theory will be
required to identify barriers and facilitators of behavior change
and develop targeted interventions based on PGS.

Education and Communication Needs for PGS
Implementation

The clinical application of PGS is wide ranging, extending the
impact of genomics to many more common disorders beyond the
scope of established Mendelian genetics. There is the potential for
substantially more clinicians to become involved in ordering, inter-
preting and explaining PGS information. Although this will involve
introducing novel concepts and information to health professionals
that have had limited exposure to genetics, healthcare professionals
are used to managing technically and conceptually complex medical
information; hence it is important to avoid the notion of genetic
exceptionalism — the concept that genetic information is entirely
unique and fundamentally different from other kinds of medical
information (Garrison et al., 2019; Mannette, 2021).

Workforce implications require consideration, including the
extent of the role that the relatively small workforce of clinical
geneticists and genetic counsellors will be able to play. The breadth
of applications of PGS indicate that education and communication
will need to move beyond the domain of specialist genetic healt
care professionals. Models have been proposed in which general
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PRE-IMPLEMENTATION RESEARCH
Determine multi-level enablers & barriers to clinical implementation. Engage with stakeholders on implementation priorities and needs

Develop context specific evidenee based frameworks for implementation. Establish ongoing evaluation processes.

. 4

INFRASTRUCTURE

Generate reference data sets
representative of ancestral
diversity

Develop standardised and
regulated genotyping platforms,

bioinformatic pipelines and
clinical reporting formats.

Develop standardised systems
for data storage/sharing.

Resolve test re-imbursement
pathways

N

CLINICAL UTILITY

Generate context-specific data
providing evidence
for:

1. Clinical utility & actionability
of PRS in medical decision

making.

2. PGS risk communication

3. Short & long-term
behavioral and clinical Impact
of PGS

N

ETHICAL, LEGAL
& SOCIAL ISSUES

Generate data sets
representative of ancestral
diversity

Address laboratories generating
and holding genetic-ancestry
data including managing
discrepancies

Address health disparities in
access and use of PGS in
context

Clarify impact of PGS in risk
related insurance

N 4

EDUCATION &
COMMUNICATION

Develop best practice
guidelines and risk prediction
tools

Co-design and evaluate
decision support and
online point-of-care

risk communication tools
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Fig. 1. Potential strategies to enable PGS to be implemented in clinical practice.

practitioners would have a primary role in the provision of PGS,
with support from genetic health professionals (A. C. F. Lewis &
Green, 2021). However, even experienced health professionals cur-
rently involved in familial cancer risk assessment have reported
low levels of confidence and knowledge around interpreting and
communicating PGS (Smit et al., 2021), pointing to a widespread
need for further education.

The development of practice guidelines, risk prediction tools,
decision support and online point-of-care risk communication tools
and resources will be key in supporting PGS integration into clinical
practice and population health (Smit et al., 2019; Wallingford et al.,
2022). Evidence from international settings where PGS-based tests
are more available have found reluctance to utilize these tests due to
common concerns about the absence of such clinical guidelines, as
well as insufficient evidence of clinical utility and inequity for
patients from non-European backgrounds (McGuinness et al,
2021). This suggests the need for a broad scope of education that
includes not just the technical aspects of the interpretation of
PGS but a focus more generally on the benefits and limitations of
this type of testing (Slunecka et al., 2021; Torkamani et al.,, 2018).

Equally, efforts to improve public understanding of PGS are
also required. An extensive literature exists around effective com-
munication of genetic risk information for monogenic conditions.
This evidence suggests that genetic counseling, lifestyle counseling,
and written patient information can also improve patient under-
standing of polygenic risk information (Fenton et al., 2018; Kaur
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et al,, 2019; Wallingford et al,, 2022; Yanes, Kaur, et al., 2020).
Patient understanding is also linked to a clinician’s own familiarity
with the field, with evidence for significantly higher comprehen-
sion in patients who had PGS explained by a trained health pro-
fessional (Haga et al.,, 2014). In many applications PGS will be
combined with information about other risk factors, adding to
the complexity of counseling by requiring appropriate contextuali-
zation of different risk factors, their contribution and potential for
modification. Scalable models are required that balance patient
communication needs and preferences with effective health service
delivery (Wallingford et al., 2022). Triaged approaches have been
proposed that vary the level of PGS information and risk manage-
ment recommendations, depending on an individual’s level of
risk (Smit et al., 2020). Early studies have found individualised
approaches, such as face-to-face communication for high-risk
results, and letters or emails for low-risk results, are preferred
by patients (Ghanouni et al., 2020).

Summary and Future Directions

There is broad consensus that PGS have the potential to be useful
and impactful in clinical practice and public health, although
further data are required on several fronts to demonstrate clinical
utility. Clinical utility is a subjective and summative assessment
and must be established within each context of use, considering
disease, population, stakeholder and system-specific determinants
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Box 2. HGSA Recommendations for PGS

Recommendations
Recognizing the potential of PGS to lead to new knowledge and
improved health outcomes the HGSA currently:

1. Supports further research to explore the potential benefits and
harms of specific applications of PGS, to identify applications that
can effectively and equitably improve human health, and to design
appropriate implementation strategies that engage consumers,
health professionals, and policy makers to ensure that education,
ethical, legal and social issues are all addressed.

2. Acknowledges that PGS are currently being accessed in clinical
care and recommends clinicians ensure that they understand
the limitations of current PGS detailed above, proceeding with
caution.

3. Strongly supports the inclusion of more diverse populations and
collaboration between multiple disciplines in future PGS research

4. Recognizes that implementation of PGS will require the dedication
of resources to workforce planning and education, and the devel-
opment of clinical aids such as practice guidelines and point of
care decision support tools.

5. Does not support the use of PGS in preimplantation genetic testing
and/or prenatal diagnosis currently due to significant scientific,
health system, and ELSI concerns.

(Moorthie, 2021). Research focused on clinical utility should be
complemented by the development and evaluation of necessary
infrastructure, including regulatory frameworks, standardized
methodology, validation and reporting protocols, and multilevel
education and communication initiatives (see Figure 1). For many
conditions, sufficient preclinical data exist to warrant commence-
ment of implementation research to better understand how PGS
will function within various care pathways and to ensure that
future clinical implementation occurs in a timely, equitable, and
ethical manner supported by the high standards of evidence
expected in clinical care.

Conclusion

PGS hold great promise for use within healthcare and are currently
being examined in multiple clinical settings as well as in research.
There is already a significant body of evidence from Mendelian
genetics that can inform PGS implementation, preventing duplica-
tion and resource wastage. At the current time, however, PGS are
not ready for widespread implementation into clinical practice or
population health.
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