
npj | genomic medicine Perspective
Published in partnership with CEGMR, King Abdulaziz University

https://doi.org/10.1038/s41525-024-00407-x

Future implications of polygenic risk
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The use of genetic risk information in life insurance underwriting is amajor
ethical, legal, and psychosocial concern1–4. Genetic discrimination (GD) is
defined as the “differential treatment of asymptomatic individuals or their
relatives on the basis of real or assumed genetic differences or characteristics”3.
In life insurance underwriting, GD stems from the use of genetic risk
information to deny coverage, increase premiums, or place conditions on
products such as disability, death, trauma and income protection cover5.
Reports of insurance discrimination among individualswith rare variants in
monogenic risk genes are well described, including insurance providers
denying coverage or increasing premiums based on positive results, even
when individuals take steps to mitigate risk5–9. However, it is difficult to
quantify the prevalence of GD due to methodological challenges such as
ability to obtain data from insurance industry, thus, most research to date
has relied on self-reported experiences. Nevertheless, fear of GD remains a
deterrent to uptake of genetic testing in clinical and research settings6–14.
With the emergence and increased use of new genetic technologies it is
essential that we consider the unique challenges that may arise regard-
ing GD.

An emerging genomic technology that is likely to present new chal-
lenges in GD is polygenic scores (PGS). PGS provides an estimate of the
genetic liability to health conditions and is typically calculated based on the
cumulative impact of multiple disease-associated common genetic variants
or single nucleotide polymorphisms (SNPs), derived from genome-wide
association studies (GWAS)15,16. Several articles have considered the future
clinical implications of PGS17–22, but few have considered insurance impli-
cations specifically23. PGShas the potential to disrupt the insurance industry
given its broad use in risk-stratification for common complex health
conditions17. Furthermore, there is emerging evidence that the risk of
insurance discrimination may negatively impact willingness to undertake
PGS testing andparticipate in research24. Thus, the increaseduse of PGS and
its possible impact on life insurance underwriting warrants further con-
sideration. In this article, we explore the current measures to address GD in
insurance underwriting globally, issues of GD arising from PGS use, and
argue that the increased availability of PGS could shift the way insurers
utilize genetic risk information. As life insurance is the risk-rated product
that has beenmost frequently evaluated in the context ofGD it is the focus of
this article.

International measures to address genetic discrimina-
tion in insurance
Box 1 provides a definition of community vs risk-rated insurance, which
provides important context in understanding the impact of genetic infor-
mation in insurance underwriting. Internationally, various regulatory
measures have been introduced to address GD in insurance
underwriting2,25–29 (see Table 1 for some examples). These measures range
from soft forms of regulation such as industry-led moratoria (e.g.,
Australia)26 and voluntary agreements between governments and industry
(e.g., UK)25, to relatively more robust regulatory responses in the form of
legislation as found in Canada27. In addition to the variation in the type of
regulation, the scope of the protection each regime offers varies. For
instance, some protections only apply to certain types of insurance (e.g., the
federal US protection extends only to health insurance and employment,
not life insurance)28, and others only applywithin prescribedfinancial limits
(e.g., Australia’s moratorium). Other countries, such as New Zealand,
currently do not have any protections against the use of genetic information
in health or life insurance8. TheAustralianGovernment recently recognized
the level of community concern inAustralia about genetic discrimination in
life insurance30, and conducted a consultationonoptions to address the issue
(concluded 31 January 2024)31, which received over 1000 stakeholder sub-
missions to Treasury (Tiller J., Personal Communication Treasury
Department, Feb 06, 2024).

Polygenic scores (PGS) in clinical practice
PGS is best considered as a risk-stratification or screening tool rather than
diagnostic, and it can be used to predict the possibility of health conditions
or behavioral traits. There are various reported uses of PGS that include
informing population screening programs for common complex condi-
tions, such as cancers, heart disease and diabetes17. Testing for PGS can also
be used to inform treatment and risk management strategies, predict
diagnostic outcomes, andmodify risk formonogenic conditions17.Given the
broad use of PGS, it is important to consider the context in which the
information is being used. For example, the predictive ability of the PGS is
boundedby the heritability of the conditionof interest, and thereforemaybe
less useful for conditionswith lowheritability32. Furthermore, PGSestimates
are calculated based on data derived from GWAS. Currently, >80% of
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Box 1 | Important context for understanding insurance products

Insurance products are either community-rated or risk-rated55.
– Community rated: each consumer is charged the same premiums. In

many countries, health insurance is community rated.
– Risk-Rated: differentiation of premiums based on individual consumer

risk assessment, which can include genetic risk information. Typically
applies for life, disability, long-term care, and travel insurance.

Table 1 | Overview of genetic discrimination protective regimes for Australia, Canada, USA, and United Kingdom and potential
applicability to PGS

Region/country and name of
protection

Scope of protection Limits Applicability to PGS

Australia FSC Standard 11: Mor-
atorium on Genetic Tests in Life
Insurance12

Industry led moratorium that applies to indivi-
dually underwritten life insurance. This does not
extend to private health insurance, which is
community rated (i.e., premiums apply uni-
versally) and not subject to underwriting.
Under the moratorium, insurance providers can
ask for or use genetic test results if the total
amounts of cover would exceed the prescribed
limits, provided that an evidence base shows
the test has relevance to the cover applied for.
Favorable Genetic Test results and evidence
based preventative treatment, or adherence to
evidence based preventative measures, can be
accounted for in underwriting.
Underwriters cannot ask applicants to get
genetic testing or disclose genetic test results
taken as part of a medical research study (pro-
vided the applicant has not received the results
or asked not to receive them).

•$500,000 Death Cover.
•$500,000 Total permanent
disability Cover
•$200,000 Trauma and/or
critical illness Cover.
•$4,000/ month Income
protection

Genetic test is broadly defined as ‘a test which
examines a person’s chromosomes or DNA’ but
does not include non-genetic medical tests.
The current framing is likely broad enough to
capture PGS.
For genetic tests to be used in underwriting the
limits must be exceeded and insurers need to
justify that the test has relevance to the cover
being applied for (per Disability Discrimination Act
1992 (Cth)).

Canada: Genetic Non-
Discrimination Act13

Federal legislation that prohibits any person
from requiring an individual to undergoagenetic
test or provide the results of a genetic test as a
condition of:
•providing goods or services to that individual
•entering into or continuing a contract or
agreement
•offering or continuing specific terms or condi-
tions in a contract or agreement.

No limits Genetic test is broadly defined as ‘a test that
analyzes DNA, RNA or chromosomes for pur-
poses such as the prediction of disease or vertical
transmission risks, or monitoring, diagnosis or
prognosis’.
The current framing is likely broad enough to
capture PGS.

UK: Code on Genetic Testing and
Insurance11

Agreement developed between the UK Gov-
ernment and Association of British Insurers (ABI)
which applies to ABI members.
Insurers will not require applicants to undertake
a diagnostic or predictive genetic test to obtain
insurance and will only ask applicants to dis-
close the result of apredictivegenetic test result
for approved conditions (currently only Hun-
tington’s disease) for policies above the pre-
scribed financial limits. For insurance other than
life, critical illness and income protection, pre-
dictive genetic test results will not be asked for,
or taken into account, whatever the level of
cover.
Genetic tests results given to the insurer acci-
dentally or voluntarily will only be considered if it
is for the applicant’s benefit.

Life Insurance £500,000
Critical Illness
£300,000
Insurance
Income Protection
£30,000

Genetic test ‘refers to a test which looks for a
particular gene variant. This is regardless of whe-
ther the test was carried out as part of a single-
gene test, a panel, or up to the level of whole
genome sequencing’.
The current framing is likely broad enough to
capture PGS.

US: Genetic Information Non-
discrimination Act (GINA) and
state laws14

The federal protection extends only to health
insurance and employment, it sets out the base
level of protectionwith additional protections left
to the discretion of individual states.
Some states have enacted laws providing con-
sumers additional protections in the context of
life insurance, but protections are often limited.
Indeed, most states enacting additional protec-
tive legislation subject the use of genetic infor-
mation to informed consent or actuarial
requirements rather than outright prohibition.

Protection only extends to
health insurance and
employment, not life insur-
ance.
Does not apply to employers
with fewer than 15
employees.

Under GINA, genetic test means ‘an analysis of
human DNA, RNA, chromosomes, proteins or
metabolites, that detects genotypes, mutations or
chromosomal changes’.
The current framing is likely broad enough to
capture PGS. With respect to state laws, defini-
tions of genetic test are determined by individual
state legislation but similarly tend to rely on broad
definitions.
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GWASdatahasbeenobtained fromEuropeanpopulations, thereby limiting
the predictive performance of PGS to non-European populations32,33. There
is strong evidence for the clinical validity of PGS (i.e., the test’s ability to
accurately and consistently predict outcomes of interest), while clinical
utility is yet to be determined (i.e., the test’s ability to improve health
outcomes)32,34. Nevertheless, consumers are increasingly accessing PGS
testing through direct-to-consumer companies and third-party
providers35,36, clinical research37, and commercial genetic testing
companies17,18.

Implementation of PGS has the capacity to change the way insurers
consider and use genetic information. The life insurance industry is already
aware of the potential impact of PGS in healthcare and has identified PGS
implementation as a possible challenge for the insurance industry38,39.
Specifically, industry commentators have noted the increased use of genetic
testing in the population, and have proposed potential solutions, such as
applying a community rating structure where assessments are pooled to
support claims for conditions that have a high genetic burden, rather than
using an individual risk-rated approach to underwriting39. Additionally,
using an aggregate PGS for 27 common conditions in an elderly population,
Linnér et al.23, reported a 2.6-year shorter median lifespan in the highest
decile group and proposed that this data could be used to improvemortality
risk classification in life insurance. However, mortality estimates are com-
plex and not easily explained by PGS. Early research suggested PGS have a
fairly moderate predictive capacity, and that a substation proportion of the
associated risk is accounted by common mortality risk factors already
measured in middle age40,41.

Considerations of PGS and life insurance underwriting
Increased accessibility of genetic risk assessments
Traditionally, genetic testinghas beenused to identify the<5%of the general
global population suspected to have a rare monogenic condition42,43.
Guidelines for monogenic testing vary between countries, organizations,
and conditions44–46. However, most criteria for publicly funded genetic
testing (or testing through insurance providers) include risk assessments to
identify those most likely to carry pathogenic variants in disease risk genes.
Only a small portion of those at risk for developing a condition are targeted
for genetic testing, limiting the number of individuals whose genetic test
results might then be used in life insurance underwriting. Conversely, PGS
have much broader clinical application (e.g., population screening pro-
grams, and augment monogenic testing17) and can be developed for most
health conditions and heritable traits (such as obesity47). Widespread
implementation of PGS will result in genetic risk assessments accessible to
most of the population across various settings, potentially amplifyingGD in
insurance underwriting.

Current GDprotections tend to apply to use of ‘genetic tests’ (Table 1),
which is broadly defined in the various protective regimes (e.g., tests that
examine chromosomes and DNA). Some commentators have argued that
the broadness of this definitionmakes it unclearwhat types of genetic testing
(and hence protection) are captured48. It is possible, in the absence of gui-
dance to the contrary, that current protections may extend to PGS. How-
ever, the current lack of clarity is undesirable given that PGS has the
potential to increase the volume and diversity of genetic results available to
insurers. If no additional consumer protections are introduced, there is a
danger that PGS will amplify the risk and frequency of GD in life insurance
underwriting.

PGS as a nascent risk prediction tool
Despite commercial availability, there are currently no best practice
guidelines for developing and reportingPGS, and evidence for clinical utility
is still emerging15,16,32. Several professional organizations have released
position statements on the use of PGS in clinical practice, which commonly
acknowledge the potential benefits of PGS, while urging for caution given
the limited evidence for its clinical utility49–51. Statistical methods for cal-
culating PGS are constantly being improved and new GWAS data is being
generated. The lack of ancestry diversity in GWAS, resulting in reduced

predictive performance of PGS in non-European populations, is widely
recognized as a major limitation of PGS33. As such, an individual’s PGS
today may differ from one calculated in the future due to changes to the
methodology, newGWAS data, and improvements in ancestry data, which
could result in different risk classifications and altered medical advice for
individuals52.

A PGS is a standalone risk factor, which does not typically consider the
impact of rare monogenic variants or clinical and lifestyle risk factors16. To
account for additional risk factors, PGS is being integrated into compre-
hensive risk assessment models, such as the CanRisk tool that provides
personalized breast cancer and ovarian risk based onmonogenic, polygenic,
family history, clinical and lifestyle factors53,54. Such complex risk prediction
tools increase the likelihood of risk estimates changing over time. Impor-
tantly, these tools reflect the reality that PGS is not diagnostic information.
There is a real concern that insurance providers will seize the opportunity to
use PGS alone to classify a person’s risk and exclude individuals they con-
sider “high risk”, without considering the remaining dynamic risk factors.
Lastly, it is important to note that no one person will have a low genetic risk
for all possiblehealth conditions and traits, and it is not knownhowdifferent
conditions and traits would be weighted by life insurance providers.

Potential for misinterpretation
Given the nascent state of PGS, there is significant potential for mis-
interpretation and misuse of the PGS information by life insurance provi-
ders (Box 2). Despite monogenic testing being available for more than 25
years, there is evidence that insurance providers stillmisinterpret results and
have failed to consider the impact of risk-reduction strategies in
underwriting5,55–57. Compared to monogenic testing, a PGS is substantially
more complex, and interpretation requires comprehension of genetic and
epidemiological concepts. Aspects of PGS that have the potential for mis-
interpretation include failure to appreciate the risk assessment nature of
PGS, its limitations for non-European populations, and limited predictive
ability across family members (Box 1). Research has shown that even
genetics professionals currently struggle to interpret and explain PGS given
the lack of existing education and clinical guidelines for this test58,59. As such,
it is anticipated that insurance underwriters would also have difficulties
interpreting and using this information in risk assessment. As all stake-
holders are unlikely to understand the nuances of a PGS, especially in the
early daysof implementation, careful considerationneeds tobe given tohow
risk information is delivered to mitigate both the potential for insurance
provider misinterpretation and exacerbation of GD in life insurance20.

Arguments by insurance companies
The insurance industry commonly raises concerns about adverse selection
and the impact of risk prediction on the affordability of insurance60,61.When
the Canadian Genetic Nondiscrimination Act 2017 was being considered,
the Canadian Privacy Commissioner commissioned two statistical experts
to conduct modeling to consider the potential impact of banning the use of
genetic test results in life and health insurance62,63. Both found that the
impact of a ban on the insurance market in the medium term would be
negligible. No modeling was conducted at the time regarding the impact of
PGS on insurance affordability, and such studies would be worthwhile. We
anticipate that although PGSwould be relevant to the entire population, the
lower predictive value relative tomonogenic tests means that the results are
not deterministic, and thus, the impact on the market is not likely to be
substantial17.

Arguments about adverse selection become less significant when
considering population-level risk stratification. Adverse selection refers to
the notion that people at higher risk will take out more expensive policies,
therefore skewing the affordability of insurance for all64. However, if PGS is
used as a population-level risk stratification tool, every person in the
population is likely to have higher PGS for some disease types and lower
PGS for others. Furthermore, ethically, we note that insurance is supposed
to be a risk-pooling exercise, not an exercise in eliminating high-risk indi-
viduals from the risk pool65.
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Moving forward
As PGS is increasingly utilized in research and clinical practice, it is pivotal
that careful consideration is given to the potential insurance implications of
PGS to ensure consumerprotection againstGD. For the full potential benefits
of PGS to be realized, and its clinical utility determined across various use
cases, individuals will need to be confident that they can participate in
research studies and access clinical genetic testing without fear of insurance
discrimination. Clarification is needed regarding the extent to which existing
protections and legislation relating to monogenic testing may also extend to
PGS test results. Given there is little enforceable protection against GD in life
insurance in various countries (Table 1) further legislative protection should
be introduced, which clearly includes PGS in its protection. Additionally,
clear guidelines, best practice protocols, and training are needed to support
accurate interpretation of genetic risk information among insurance provi-
ders andminimize the risk ofmisinterpreting results. Finally, further research
is needed to evaluate future issues of GD arising from PGS implementation.

Recommendations
The ethical, legal, and social issues described above highlight a pressing need
for improved consumer protection, and improved implementation research
to support the equitable implementation of PGS into clinical practice. In our
view, the use of PGS as a tool to further deny coverage is both ethically
questionable and actuarially problematic. We recommend that a ban on the
use of PGS results in risk-rated insurance underwriting should be introduced.
This recommendation stands alongside calls to prohibit the use of genetic test
results more broadly in life insurance underwriting, which authors of this
paper and others have made66. Consideration should be given to the most
appropriate regulatory tools to achieve this end in each jurisdiction, given the
human genetics field is rapidly evolving67. At a minimum, it is crucial that:
• any regulation creates enforceable remedies for individuals and is subject

to independent oversight by a body with meaningful sanction powers;
• any regulation has sufficient flexibility to respond adequately to

advances in the field of genetics;
• all current regulations/consumer protections explicitly apply to both

monogenic testing and PGS (or are amended to provide protection
where it is determined that they do not apply); and

• insurers are educated about the limitations of PGS as risk
prediction tools.

Received: 3 September 2023; Accepted: 8 March 2024;

References
1. Tiller, J., Otlowski, M. & Lacaze, P. Should Australia ban the use of

genetic test results in life insurance? Front. Public Health 5,
330 (2017).

2. Joly, Y., Dupras, C., Pinkesz, M., Tovino, S. A. & Rothstein, M. A.
Looking beyond GINA: policy approaches to address genetic
discrimination. Annu. Rev. Genom. Hum. Genet. 21, 491–507 (2020).

3. Otlowski, M., Taylor, S. & Bombard, Y. Genetic discrimination:
international perspectives. Annu. Rev. Genom. Hum. Genet. 13,
433–454 (2012).

4. Green, R. C., Lautenbach, D. & McGuire, A. L. GINA, genetic
discrimination, and genomic medicine. N. Engl. J. Med. 372,
397–399 (2015).

5. Tiller, J. et al. Genetic discrimination by Australian insurance
companies: a survey of consumer experiences. Eur. J. Hum. Genet.
28, 108–113 (2020).

6. Joly, Y., Ngueng Feze, I. & Simard, J. Genetic discrimination and life
insurance: a systematic review of the evidence. BMC Med. 11,
25 (2013).

7. Wauters, A. & VanHoyweghen, I. Global trends on fears and concerns
of genetic discrimination: a systematic literature review. J. Hum.
Genet. 61, 275–282 (2016).

8. Fraser, H. et al. Genetic discrimination by insurance companies in
Aotearoa New Zealand: experiences and views of health
professionals. N. Z. Med. J. 136, 32–52 (2023).

9. Tiller, J. et al. Community concerns about genetic discrimination in life
insurance persist in Australia: a survey of consumers offered genetic
testing. Eur. J. Hum. Genet. (2023).

10. Keogh, L. A. et al. Choosing not to undergo predictive genetic testing
for hereditary colorectal cancer syndromes: expanding our
understanding of decliners and declining. J. Behav. Med. 40,
583–594 (2017).

11. Keogh, L. A. et al. Is uptake of genetic testing for colorectal cancer
influenced by knowledge of insurance implications?Med. J. Aust.
191, 255 (2009).

12. Huizenga, C. R. et al. Evolving perspectives on genetic discrimination
in health insurance among health care providers. Fam. Cancer 9,
253–260 (2010).

13. Prince, A. E. R., Uhlmann,W. R., Suter, S. M. & Scherer, A. M. Genetic
testing and insurance implications: surveying the US general
population about discrimination concerns and knowledge of the

Box 2 | Potential areas formisunderstanding andmisuse of PGS information by insurance
providers

• Misunderstanding PGS as a diagnostic tool, rather than risk strati-
fication: Insurance providers may fail to understand PGS as a screening
tool, whereby the degree in which the PGS predicts disease risk is based
on various factors, such as disease/trait heritability, background popu-
lation risk, the statistical methodology used to generate the PGS, and
impact of other genetic and non-genetic risk factors16,17,19. Despite
insurance underwriters’ expertise in assessing risk factors and conduct-
ing complex risk assessments, concern remains regarding the scientific
and medical complexity of PGS and the ability of underwriters to
interpret PGS without specialist training.

• Failure to appreciate limitations of PGS across diverse populations:
The validity of PGS is inherently dependent on the quality of the GWAS
data on which it was based. Currently, greater than 80% of GWAS data
has been obtained from populations of European ancestry68, resulting in
PGS that have reduced predictive performance in individuals fromother
ancestries. Insurance providers may fail to consider the impact of

ancestry on PGS, which in turn may compromise the accuracy of their
risk estimates.

• Misinterpretation of risk for family members: Genetic testing has
traditionally been considered within a familial context, with Mendelian
inherence patterns used to estimate risk to relatives. Further, insurance
underwriting models also use genetic information, including a family
history of disease as a predictor of risk for related individuals. However,
current PGS are personalized and cannot be used to estimate risk for
close relatives’ results. While there is some association between siblings
PGS, this relationship and predictive capacity becomes weak for parents
and 2nd degree relatives69,70. It is possible insurance companies will
interpret familial risk based on PGS, potentially leading to further
insurance discrimination.

https://doi.org/10.1038/s41525-024-00407-x Perspective

npj Genomic Medicine |            (2024) 9:25 4



Genetic Information Nondiscrimination Act (GINA). Risk Manag Insur
Rev. 24, 341–365 (2021).

14. Yanes, T. et al. Australian researcher’s perspectives on the Australian
industry-ledmoratoriumongenetic tests in life insurance.Am. J.Med.
Genet. Part A. https://doi.org/10.1002/ajmg.a.63565.

15. Choi,S.W.,Mak,T.S.-H.&O’Reilly,P.F.Tutorial: aguide toperforming
polygenic risk score analyses. Nat. Protoc. 15, 2759–2772 (2020).

16. Wand, H. et al. Improving reporting standards for polygenic scores in
risk prediction studies. Nature 591, 211–219 (2021).

17. Yanes, T., McInerney-Leo, A., Law, M. & Cummings, S. The emerging
field of polygenic risk scores and perspective for use in clinical care.
Hum. Mol. Genet. 29, R165–R176 (2020).

18. Lewis, A. C. F. & Green, R. C. Polygenic risk scores in the clinic: new
perspectives needed on familiar ethical issues. Genome Med. 13,
14 (2021).

19. Lambert, S. A., Abraham, G. & Inouye, M. Towards clinical utility of
polygenic risk scores. Hum. Mol. Genet. 28, R133–r42 (2019).

20. Adeyemo, A. et al. Responsible use of polygenic risk scores in the
clinic: potential benefits, risks and gaps. Nat. Med. 27,
1876–1884 (2021).

21. Yanes, T., Young, M.-A., Meiser, B. & James, P. A. Clinical
applications of polygenic breast cancer risk: a critical review and
perspectives of an emerging field. Breast Cancer Res. 22, 21 (2020).

22. Vassy, J. L. et al. Perceived benefits and barriers to implementing
precision preventive care: results of a national physician survey. Eur.
J. Hum. Genet. 31, 1309–1316 (2023).

23. Linnér, R. K. & Koellinger, P. D. Genetic risk scores in life insurance
underwriting. J. Health Econ. 81, 102556 (2021).

24. Venning, B., Saya, S., De Abreu Lourenco, R., Street, D. J. & Emery, J.
D. Preferences for a polygenic test to estimate cancer risk in a general
Australian population. Genet. Med. 24, 2144–2154 (2022).

25. HM Government and Association of British Insurers. Code on
Genetics and Insurance London: HM Government; [cited HM
Government. Available from: https://www.abi.org.uk/globalassets/
files/publications/public/genetics/code-on-genetic-testing-and-
insurance-final.pdf. (2018).

26. Financial Services Council. FSC Standard No. 11: Moratorium on
Genetic Tests in Life Insurance 2019 [updated 21 JuneAvailable from:
https://www.fsc.org.au/resources-category/standard/1779-
standard-11-moratorium-on-genetic-tests-in-life-insurance/
file. (2019).

27. Genetic Non-Discrimination Act, SC 2017, c.3. [Available from:
https://laws-lois.justice.gc.ca/eng/acts/G-2.5/index.html. (2017).

28. Genetic Information Nondiscrimination Act of 2008, Pub L 110-233,
122 Stat 881 [Available from: https://www.eeoc.gov/statutes/
genetic-information-nondiscrimination-act-2008 (2008).

29. Kim, H. et al. Genetic discrimination: introducing the Asian
perspective to the debate. npj Genom. Med. 6, 54 (2021).

30. Treasury Department. Press Confernce: Release of consultation
paper on treatment of genetic testing information for life insurance
[Available from: https://ministers.treasury.gov.au/ministers/stephen-
jones-2022/transcripts/press-conference-mural-hall-parliament-
house-canberra (2024).

31. Use of genetic testing results in life insurance underwriting. In:
Department T, editor. Canberra (2023).

32. Wand, H. et al. Clinical genetic counseling and translation
considerations for polygenic scores in personalized risk
assessments: a practice resource from the national society of genetic
counselors. J. Genet. Counsel. 32, 558–575 (2023).

33. Martin, A. R., Daly, M. J., Robinson, E. B., Hyman, S. E. & Neale, B. M.
Predicting polygenic risk of psychiatric disorders. Biol. Psychiatry 86,
97–109 (2019).

34. Kumuthini, J. et al. The clinical utility of polygenic risk scores in
genomic medicine practices: a systematic review. Hum. Genet. 141,
1697–1704 (2022).

35. Peck, L., Borle, K., Folkersen, L. & Austin, J. Why do people seek out
polygenic risk scores for complex disorders, and how do they
understand and react to results? Eur. J. Hum. Genet. (2021).

36. Gray,S.W.etal.Personalgenomic testing for cancer risk: results fromthe
impact of personal genomics study. J. Clin. Oncol. 35, 636–644 (2017).

37. Widén, E. et al. How communicating polygenic and clinical risk for
atherosclerotic cardiovascular disease impacts health behavior: an
observational follow-up study. Circ. Genom. Precis. Med.
Circgen121003459 (2022).

38. Timms, M. Polygenic risk scores and what it means for the genetic
testing moratorium [Available from: https://www.actuaries.digital/
2022/07/08/polygenic-risk-scores-and-what-it-means-for-the-
genetic-testing-moratorium/(2022).

39. Vukcevic, D. & Chen, J. Advances in genetics and their impact on life
insurance. Actuaries Institute [Available from https://www.actuaries.
asn.au/Library/Events/FSF/2018/VukcevicChenPaper.pdf (2018).

40. Ganna, A. et al. Genetic determinants of mortality. Can findings from
genome-wide association studies explain variation in human
mortality? Hum. Genet. 132, 553–561 (2013).

41. Meisner, A. et al. Combined utility of 25 disease and risk factor
polygenic risk scores for stratifying risk of all-cause mortality. Am. J.
Hum. Genet. 107, 418–431 (2020).

42. Joly, Y. et al. Establishing the International genetic discrimination
observatory. Nat. Genet. 52, 466–468 (2020).

43. Nguengang Wakap, S. et al. Estimating cumulative point prevalence
of rare diseases: analysis of the Orphanet database. Eur. J. Hum.
Genet. 28, 165–173 (2020).

44. National Comprehensive Cancer Network. Genetic/Familial High-
Risk Assessment: Breast, Ovarian, and Pancreatic [Version
1.2023:[Available from: https://www.nccn.org/guidelines/guidelines-
detail?category=2&id=1503 ‘15.11.22’[15.11.22]. (2022).

45. eviQ Cancer Treatments. Genetic Testing for Heritable Mutations in
the BRCA1 and BRCA2Genes [Available from: https://www.eviq.org.
au/cancer-genetics/adult/genetic-testing-for-heritable-pathogenic-
variants/620-brca1-and-brca2-genetic-testing (2021).

46. National Institute for Health and Care Excellence. Familial breast
cancer: classification, care and managing breast cancer and related
risks in people with a family history of breast cancer. (2019).

47. Hüls, A. et al. Polygenic risk for obesity and its interactionwith lifestyle
and sociodemographic factors in Europeanchildren andadolescents.
Int. J. Obes. 45, 1321–1330 (2021).

48. Newson, A. J., Tiller, J., Keogh, L. A., Otlowski, M. & Lacaze, P.
Genetics and Insurance in Australia: concerns arounda self-regulated
industry. Public Health Genom. 20, 247–256 (2017).

49. Young, M. A. et al. Human genetics society of Australasia position
statement: use of polygenic scores in clinical practice and population
health. Twin Res. Hum. Genet 26, 40–48 (2023).

50. O’Sullivan, J. W. et al. Polygenic risk scores for cardiovascular
disease: a scientific statement from the American heart association.
Circulation 146, e93–e118 (2022).

51. Abu-El-Haija, A. et al. The clinical application of polygenic risk scores:
a points to consider statement of the American College of Medical
Genetics and Genomics (ACMG). Genet. Med. 25, 100803 (2023).

52. Clifton, L., Collister, J. A., Liu, X., Littlejohns, T. J. & Hunter, D. J.
Assessing agreement between different polygenic risk scores in the
UK Biobank. Sci. Rep. 12, 12812 (2022).

53. Lee, A. et al. Comprehensive epithelial tubo-ovarian cancer risk
prediction model incorporating genetic and epidemiological risk
factors. J. Med. Genet. 107904 (2021).

54. Lee, A. et al. BOADICEA: a comprehensive breast cancer risk
prediction modelincorporating genetic and nongenetic risk factors.
Genet. Med. 21, 1708–1718 (2019).

55. Haining, C. M. et al. Financial Advisers’ and Key Informants’
perspectives on the Australian industry-led moratorium on genetic
tests in life insurance. Public Health Genomics 26, 123–134 (2023).

https://doi.org/10.1038/s41525-024-00407-x Perspective

npj Genomic Medicine |            (2024) 9:25 5

https://doi.org/10.1002/ajmg.a.63565
https://doi.org/10.1002/ajmg.a.63565
https://www.abi.org.uk/globalassets/files/publications/public/genetics/code-on-genetic-testing-and-insurance-final.pdf
https://www.abi.org.uk/globalassets/files/publications/public/genetics/code-on-genetic-testing-and-insurance-final.pdf
https://www.abi.org.uk/globalassets/files/publications/public/genetics/code-on-genetic-testing-and-insurance-final.pdf
https://www.abi.org.uk/globalassets/files/publications/public/genetics/code-on-genetic-testing-and-insurance-final.pdf
https://www.fsc.org.au/resources-category/standard/1779-standard-11-moratorium-on-genetic-tests-in-life-insurance/file
https://www.fsc.org.au/resources-category/standard/1779-standard-11-moratorium-on-genetic-tests-in-life-insurance/file
https://www.fsc.org.au/resources-category/standard/1779-standard-11-moratorium-on-genetic-tests-in-life-insurance/file
https://www.fsc.org.au/resources-category/standard/1779-standard-11-moratorium-on-genetic-tests-in-life-insurance/file
https://laws-lois.justice.gc.ca/eng/acts/G-2.5/index.html
https://laws-lois.justice.gc.ca/eng/acts/G-2.5/index.html
https://www.eeoc.gov/statutes/genetic-information-nondiscrimination-act-2008
https://www.eeoc.gov/statutes/genetic-information-nondiscrimination-act-2008
https://www.eeoc.gov/statutes/genetic-information-nondiscrimination-act-2008
https://ministers.treasury.gov.au/ministers/stephen-jones-2022/transcripts/press-conference-mural-hall-parliament-house-canberra
https://ministers.treasury.gov.au/ministers/stephen-jones-2022/transcripts/press-conference-mural-hall-parliament-house-canberra
https://ministers.treasury.gov.au/ministers/stephen-jones-2022/transcripts/press-conference-mural-hall-parliament-house-canberra
https://ministers.treasury.gov.au/ministers/stephen-jones-2022/transcripts/press-conference-mural-hall-parliament-house-canberra
https://www.actuaries.digital/2022/07/08/polygenic-risk-scores-and-what-it-means-for-the-genetic-testing-moratorium/
https://www.actuaries.digital/2022/07/08/polygenic-risk-scores-and-what-it-means-for-the-genetic-testing-moratorium/
https://www.actuaries.digital/2022/07/08/polygenic-risk-scores-and-what-it-means-for-the-genetic-testing-moratorium/
https://www.actuaries.digital/2022/07/08/polygenic-risk-scores-and-what-it-means-for-the-genetic-testing-moratorium/
https://www.actuaries.asn.au/Library/Events/FSF/2018/VukcevicChenPaper.pdf
https://www.actuaries.asn.au/Library/Events/FSF/2018/VukcevicChenPaper.pdf
https://www.actuaries.asn.au/Library/Events/FSF/2018/VukcevicChenPaper.pdf
https://www.nccn.org/guidelines/guidelines-detail?category=2&id=1503%20'15.11.22'%5b15.11.22%5d
https://www.nccn.org/guidelines/guidelines-detail?category=2&id=1503%20'15.11.22'%5b15.11.22%5d
https://www.nccn.org/guidelines/guidelines-detail?category=2&id=1503%20'15.11.22'%5b15.11.22%5d
https://www.eviq.org.au/cancer-genetics/adult/genetic-testing-for-heritable-pathogenic-variants/620-brca1-and-brca2-genetic-testing
https://www.eviq.org.au/cancer-genetics/adult/genetic-testing-for-heritable-pathogenic-variants/620-brca1-and-brca2-genetic-testing
https://www.eviq.org.au/cancer-genetics/adult/genetic-testing-for-heritable-pathogenic-variants/620-brca1-and-brca2-genetic-testing
https://www.eviq.org.au/cancer-genetics/adult/genetic-testing-for-heritable-pathogenic-variants/620-brca1-and-brca2-genetic-testing


56. Otlowski, M., Barlow-Stewart, K., Taylor, S., Stranger, M. & Treloar, S.
Investigating genetic discrimination in the Australian life insurance
sector: the use of genetic test results in underwriting, 1999–2003. J.
Law Med. 14, 367–396 (2007).

57. Barlow-Stewart, K., Liepins, M., Doble, A. & Otlowski, M. How are
genetic test results being usedbyAustralian life insurers?Eur. J. Hum.
Genet. 26, 1248–1256 (2018).

58. Smit, A. K. et al. Knowledge, views and expectations for cancer
polygenic risk testing in clinical practice: a cross-sectional survey of
health professionals. Clin. Genet. 100, 430–439 (2021).

59. McGuinness, M., Fassi, E., Wang, C., Hacking, C. & Ellis, V. Breast
cancer polygenic risk scores in the clinical cancer genetic counseling
setting: current practices and impact on patient management. J.
Genet. Couns. (2020).

60. Armstrong, K. et al. Life insurance andbreast cancer risk assessment:
adverse selection, genetic testing decisions, and discrimination. Am.
J. Med. Genet. A 120, 359–364 (2003).

61. Akerlof, G. A. The Market for “Lemons”: Quality Uncertainty and the
Market Mechanism*. Q. J. Econ. 84, 488–500 (1970).

62. MacDonald, A. The Actuarial Relevance of Genetic Information in the
Life andHealth InsuranceContext. In: CanadaOotPCo, editor. (2011).

63. Hoy, M. & Durnin, M. The potential economic impact of a ban on the
use of genetic information for life and health insurance. In: Canada
OotPCo, editor. (2012).

64. Cohen, A. & Siegelman, P. Testing for adverse selection in insurance
markets. J. Risk Insurance 77, 39–84 (2010).

65. Baumann, J.&Loi,M.Fairness and risk: anethical argument for a group
fairness definition insurers can use. Philos. Technol. 36, 45 (2023).

66. Tiller, J. et al. Final Stakeholder Report of the Australian Genetics and
Life Insurance Moratorium: Monitoring the Effectiveness and
Response (A-GLIMMER) Project; 2023.

67. Golru, S. Regulating the Use of Genetic Information in the Life
Insurance Industry. UNSW Law Journal. Forum 7, 1–18 (2020).

68. Martin, A. R. et al. Clinical use of current polygenic risk scores may
exacerbate health disparities. Nat. Genet. 51, 584–591 (2019).

69. Reid, N. J., Brockman, D. G., Elisabeth Leonard, C., Pelletier, R. &
Khera, A. V. Concordance of a high polygenic score among relatives:
implications for genetic counseling and cascade screening. Circ.
Genom. Precis. Med. 14, e003262 (2021).

70. Cox, D. G., Heudel, P. E., Henry, J. & Pivot, X. Transmission of breast
cancer polygenic risk based on single nucleotide polymorphisms.
Breast 41, 14–18 (2018).

Acknowledgements
The project is supported by a grant from the Australian Government’s
Medical Research Future Fund (MRFF), ref 76721. T.Y. is funded by a
National Health and Medical Research Council (NHMRC) EL1 Grant
(APP2009136). C.W. is supported by an Australian Government Research
Training Program Scholarship. During this project, A.M.L. held an NHMRC
Early Career Fellowship (APP1158111) and is currently supported by a
University of Queensland Faculty of Medicine Fellowship. P.L. is supported
by a National Heart Foundation Future Leader Fellowship (ID 102604).

Author contributions
All authors conceptualized this paper. T.Y. wrote the original draft and
authors J.T. andC.H. generated Table 1. All authors reviewed and approved
the final version of this paper.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to
Tatiane Yanes.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’snoteSpringerNature remainsneutralwith regard to jurisdictional
claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’sCreativeCommons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

https://doi.org/10.1038/s41525-024-00407-x Perspective

npj Genomic Medicine |            (2024) 9:25 6

http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Future implications of polygenic risk scores for life insurance underwriting
	International measures to address genetic discrimination in insurance
	Polygenic scores (PGS) in clinical practice
	Considerations of PGS and life insurance underwriting
	Increased accessibility of genetic risk assessments
	PGS as a nascent risk prediction�tool
	Potential for misinterpretation
	Arguments by insurance companies
	Moving forward
	Recommendations

	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




