Lewis and Green Genome Medicine (2021) 13:14
https://doi.org/10.1186/s13073-021-00829-7

Polygenic risk scores in the clinic: new
perspectives needed on familiar ethical

issues

Anna C. F. Lewis' ® and Robert C. Green>>*°

Abstract

Genome Medicine

®

Check for
updates

Clinical use of polygenic risk scores (PRS) will look very different to the more familiar monogenic testing. Here we
argue that despite these differences, most of the ethical, legal, and social issues (ELSI) raised in the monogenic
setting, such as the relevance of results to family members, the approach to secondary and incidental findings, and
the role of expert mediators, continue to be relevant in the polygenic context, albeit in modified form. In addition,
PRS will reanimate other old debates. Their use has been proposed both in the practice of clinical medicine and of
public health, two contexts with differing norms. In each of these domains, it is unclear what endpoints clinical use
of PRS should aim to maximize and under what constraints. Reducing health disparities is a key value for public
health, but clinical use of PRS could exacerbate race-based health disparities owing to differences in predictive
power across ancestry groups. Finally, PRS will force a reckoning with pre-existing questions concerning biomarkers,
namely the relevance of self-reported race, ethnicity and ancestry, and the relationship of risk factors to disease
diagnoses. In this Opinion, we argue that despite the parallels to the monogenic setting, new work is urgently
needed to gather data, consider normative implications, and develop best practices around this emerging branch

of genomics.

Background
Polygenic risk scores (PRS) are numerical indicators of
risk based on multiple genetic markers associated with a
disease or trait. Research in this field has recently accel-
erated, and scores are available for a wide array of traits
and conditions, including for conditions such as coron-
ary artery disease, type 2 diabetes, and common cancers
[1-5]. Some polygenic reports are already available, both
through traditional molecular testing laboratories as or-
dered by a physician, and through consumer-facing
companies [6-8].

In this Opinion, we provide an overview of the state of
the science underlying PRS and evidence relevant to
their clinical use. We then consider some of the ethical,
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legal, and social implications (ELSI) familiar to the
monogenic setting and genomics scholarship, to ask
whether such issues continue to be relevant in the poly-
genic context. We identify additional concerns and
unique challenges by first considering the use of PRS in
a public health context and second by discussing long-
standing issues with the use of biomarkers that PRS
highlight.

Evidence of PRS potential in disease

Knowledge of the genetics linked to common disease
largely comes from comparing cases of a condition to
suitably matched controls and looking for variants that
are disproportionately present in either group. The vari-
ants identified by these genome wide association studies
(GWAS) can be combined, in the simplest form in pro-
portion to their effect size, to provide a PRS. Unlike the
more expensive sequencing data used in monogenic
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studies, most of the data available in the polygenic con-
text to date has been from SNP-chips, which cheaply
probe a few hundred thousand, sometimes more than a
million, of the more common variants within the
genome.

For most traits, currently available PRS fall far short of
capturing the full variance of a trait as expected from
heritability estimates. As larger data sets are studied, var-
iants with smaller effect sizes can be identified, and the
scores can capture more of the variance of the trait.
New statistical methodologies are also increasing the
predictive power of these scores. A review of the con-
struction of PRS is given in Martin et al., where the au-
thors note the ease of producing PRS once the
underlying data exists [9].

The scores themselves are normalized within a specific
population and hence only give information about where
an individual falls within that population, for example
within the top 5%. To estimate relative and absolute
risks, further work is needed. In addition to giving risk
information for developing a disease, some evidence sug-
gests that PRS can predict how likely someone is to re-
spond to a treatment [10-12], for example
antidepressants [12, 13].

The underlying GWAS data lends itself to two inter-
linked problems in moving PRS into the clinic. First,
PRS suffer from a portability problem. A score based on
individuals of one genetic ancestry can be multiple times
less predictive in other ancestries [14]—the score does
not “port” well across populations. Some of this is be-
cause of different patterns of linkage disequilibrium and
different allele frequencies in different populations. Most
existing data are from individuals of European genetic
ancestry, so current scores are most predictive within
this population. Note that whereas race and ethnicity are
social constructs (either self-reported or assumed on the
basis of appearance, for example, by a healthcare pro-
vider), genetic ancestry is primarily a statistical concept
based on patterns of inheritance, though it nonetheless
has ambiguities of interpretation [15]. Compounding this
portability issue, the scores are not always accurate even
within individuals of the same genetic ancestry, but dif-
ferent demographics [16]. How the scores can be applied
across groups with different environmental exposures is
not well-characterized.

Second, PRS suffer from an interpretation problem: we
are not yet sure what conclusions can be drawn from
them. While some of the predictive signal captured in
PRS comes from direct genetic effects, i.e., from variants
that influence the phenotype of the individual, other
predictive signals are also captured in a standard non-
family-based GWAS. These include indirect genetic
effects, for example genetic nurture [17]. Effects of as-
sortative mating and environmental confounding are
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also captured. In addition to these forms of gene-
environment correlation, gene-by-environment interac-
tions, where the same variant has a different overall
effect in different environments, may also play a role. It
is therefore not appropriate to straightforwardly draw
causal conclusions from PRS [18].

It is against this context of issues with the basic sci-
ence of PRS that their potential clinical application
needs to be assessed.

Are PRS ready for the clinic?

In screening and in preventative medicine, the utility of
specific tests and models is a complex arena [19]. Some
argue that a score has to give very high relative risks to
be useful as a screening measure, and PRS are nowhere
near this bar [20]. However, others have posited that
PRS may already be clinically useful, and at the very
least, we should be testing their use in the clinic [1, 21,
22]. Some large scale studies are already underway, for
example the WISDOM trial is using PRS and other risk
factors to stratify 100,000 women into higher and lower
risk for breast cancer [23], and a 20,000 person trial
through the eMERGE Network will return a number of
PRS for a variety of common conditions to each individ-
ual, and track the impact of this result disclosure [24].
The UK government is exploring a plan to return PRS
to 5 million individuals through its Accelerating Detec-
tion of Disease Initiative [25].

The potential benefits of identifying those at high risk of
developing a disease offer multiple approaches to pre-
ventative medicine [12]. Primary prevention, avoiding a
disease, could be achieved through lifestyle change or pro-
active treatment. Secondary prevention, detecting a dis-
ease early and preventing it from getting worse, could be
achieved by more frequent screening of those at high risk
(e.g., mammograms for women at high risk of breast can-
cer) or simply by helping increase uptake and compliance
with existing recommended screening [26]. Tertiary pre-
vention, trying to improve quality of life or reducing the
symptoms of an existing disease, could be achieved by bet-
ter knowledge of treatment response, including responses
to prescribed drugs. Somewhat more controversially, there
could be benefits in identifying those at lower risk, for ex-
ample in screening these individuals less often and hence
saving resources and decreasing risks of over treatment
[27]. With the introduction of any novel method to iden-
tify those at high risk, the dangers of overdiagnosis (the
diagnosis of a condition that would never have caused
symptoms or problems) and overtreatment (too much
treatment, in particular for insignificant disease) must be
considered [28, 29].

Some data already exist for whether these benefits
are realizable, but a clear picture is yet to emerge.
Two retrospective analyses that integrated coronary
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disease PRS into absolute risk models found no [30]
and a modest [31] statistically significant improve-
ment in accuracy compared to use of the same
models without the score. Another study found that
when incorporated into risk models, highly elevated
PRS were much more predictive of myocardial infarc-
tion early in life when other risk factors have yet to
manifest [32]. In an early randomized controlled trial
of a PRS for coronary heart disease, participants ran-
domized to receive the PRS had improved lipid levels
as a result of statin use in those with higher scores
[33]. One meta-analysis found little evidence that gen-
etic risk information changed behaviors [34] while
others have found evidence for positive behavior
change [35, 36]. Finally, a recent study of 7000 indi-
viduals in Finland found those with high PRS were
more likely to take action such as losing weight or
stopping smoking [37].

PRS that are commercially available include those
from Myriad Genetics for breast cancer risk [7], from
Ambry Genetics for breast cancer and prostate cancer
risk [6], and from 23andMe for type 2 diabetes risk [8].
Several companies will produce polygenic reports based
on a user’s upload of their 23andMe or Ancestry.com
data. Given that there are already PRS on the market,
and that large-scale studies investigating the return of
PRS have started, reflection on ELSI concerns is urgently
needed.

Are ELSI themes from the monogenic setting
relevant?

Genetic information, and its use in the clinic and be-
yond, has long been considered worthy of special reflec-
tion. When the widespread reporting of monogenic
variation based on DNA sequencing was on the horizon,
a vast amount of work started under the umbrella of
ELSI of human genome research. We consider several of
the most prominent themes in this literature, to assess
their relevance in the polygenic context.

The relevance of findings to family members

Genetic variation is shared in families, with many ensu-
ing ethical quandaries, running from how to handle sur-
prises about paternity to what to do if you realize that
the mother of a baby is a BRCA carrier [38]. An individ-
ual has a 50% chance to pass a monogenic variant on to
a child, and this binary inheritance can be traced
through a family tree. The American Medical Associa-
tion’s Council on Ethical and Judicial Affairs considered
the responsibility of the physician towards a patient’s
family members and concluded that the physician has a
duty to discuss the significance of genetic information
with family members as part of informed consent for
genetic testing, including defining the circumstances
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under which the patient would need to inform family
members [39].

It is not clear how these circumstances should be de-
fined for PRS. The PRS of first degree family members
are correlated [40], but this information is not as clear
cut as in the monogenic case when a precise probability
of carrying a variant can be given. How high would poly-
genic risk need to be to prompt warning to family mem-
bers? Guidelines developed by professional societies are
needed for both patients and providers. These would
possibly be condition specific and would need to incorp-
orate input from relevant stakeholders including pa-
tients, genetic counselors, epidemiologists, and primary
care physicians. Products to serve the separate use case
of reproductive planning—the analog of carrier screen-
ing for PRS—will likely also surface. Again, guidelines
will be needed.

Defining how to approach secondary or incidental
findings

In the monogenic, diagnostic setting of exome and gen-
ome sequencing, the American College of Medical Gen-
etics and Genomics (ACMG) has recommended that
laboratories look for a defined set of genetic variation
that, if present, would be medically actionable [41]. Al-
though this was initially considered controversial [42], it
has been adopted in some form by almost all diagnostic
sequencing laboratories in the USA. Most PRS are cur-
rently generated from SNP-chips that are not suited to
capture all of this variation, but it is possible to select
SNP-chips that contain much of this variation (i.e.,
known pathogenic and likely pathogenic variants in the
same set of genes). This raises the question of whether
there is an ethical imperative to use these chips to pro-
vide such secondary findings.

Genome-derived ancestry itself may be considered an
incidental finding under some circumstances. In the
polygenic setting, it is possible that an individual’s gen-
etic ancestry will be calculated to determine which
ancestry-specific PRS to use or to determine which rela-
tive risk figures to quote for the patient. If so, it is un-
clear whether the laboratory should report which
calculated genetic ancestry was used. And if it is re-
ported, there is a chance that this is different from how
an individual might self-identify in terms of ancestry. Pa-
tient preferences should be studied about this possible
unexpected finding, including how to contextualize the
information.

The role of expert mediators

Within medicine, clinical genetics is exceptional in that
it leverages an allied field of genetic counseling, made up
of professionals who are dedicated to helping individuals
anticipate and subsequently navigate the genetic
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information they receive. Additionally, a patient with a
known or suspected rare monogenic disorder is often
seen by a specialist of that disorder. Meanwhile, some
advocates of consumer-facing genetic testing for medical
information maintain that individuals should be able to
receive the information without an expert intermediary
and should be able to get any consultation they wish to
help them following this [43]. This view is controversial
and would be illegal in some countries [44]. PRS thus
enter a landscape where there are multiple points of
view concerning the support a patient needs to under-
stand information they are provided.

Whereas most monogenic variation of interest relates
to rare disease that no one other than a specialist would
be anticipated to have any experience with, PRS are be-
ing developed for common diseases that are familiar to
primary care providers. Within the context of risk fac-
tors for common disease, where the inheritance of indi-
vidual alleles does not severely complicate decisions, the
role of both the medical geneticist and the genetic
counselor could be questioned, particularly if primary
care providers felt comfortable with discussing PRS with
patients. To this end, further education and training for
primary care providers may be necessary.

Potential harms of genetic testing

At least three sets of potential harms are typically con-
sidered in the monogenic setting: psychosocial harms,
false reassurance, and overdiagnosis and overtreatment
(we consider potential genetic discrimination in a separ-
ate section below). Ethical engagement does not, how-
ever, stop at the identification of a potential harm.
Rather, the process should continue to ask (a) how much
the harm is realized, (b) whether it can be minimized,
(c) how the suitably minimized harm compares to the
benefits, and (d) how to allow an individual’s own values
to determine that trade-off for themselves.

A slew of fears about the potential psychosocial harms
of genetic testing have been proposed [45]. When rigor-
ous trials to assess psychosocial harms have been con-
ducted, many of the expected harms have not
materialized. There is a near absence of negative psycho-
logical or emotional impact of genetic testing in the
adult setting [46—49].

The risk of false reassurance is often put forward for
those that receive false negative results; this could arise
for those identified at low or average polygenic risk,
though in at least some cases when evidence has been
sought for false reassurance, it has not been found [50].
There are many options for how polygenic scores can be
reported, including just indicating whether an individual
has a score at the extreme high tail of the distribution
(i.e., a binary report of identified/not identified as at high
risk), or report of a continuous variable such as the PRS
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percentile, or a relative or absolute risk. The potential
harms of false reassurance will likely depend on PRS
reporting strategy, particularly while the absence of
evidence-based guidelines leaves more room for inter-
pretation by both patients and providers.

The risk of overtreatment and overdiagnosis will likely
also depend on PRS reporting strategy. Patients and
their providers may view any elevated-above-average
polygenic risk as reason enough to initiate additional
tests and even treatments, particularly if the choice is
made to report a continuous variable rather than a bin-
ary variable. Other reporting options such as choice of
language, infographics, and accompanying recommenda-
tions are also relevant and will also impact patient and
provider reaction to PRS reports.

Data needs to be collected on whether the harms of
false reassurance and overtreatment and overdiagnosis
materialize. If so, steps (b)-(d) outlined above should be
followed, with particular attention paid to how different
reporting strategies affect both harms and benefits of
clinical reporting of PRS.

Potential concerns in using PRS in the pediatric setting
PRS can be calculated from birth. Several of the com-
mon conditions for which PRS exist, for example obes-
ity, are ones for which lifelong health behaviors can have
a sizable impact. This poses the question of the condi-
tions under which PRS should be returned to children.
Leading professional societies have adopted the position
that it is not appropriate to return genetic findings to
children if no childhood interventions can benefit them
[51]. One basis for these positions is the possibility of
psychosocial harm. Although there is considerably less
data for children than adults and more data is needed,
existing data do not support this fear [52]. The other
basis for these positions is a child’s “right to an open fu-
ture,” i.e, to have future options kept open until they
can make their own decisions, an ethical argument
which has recently been challenged [51]. Because many
PRS exist for conditions with a broad range of ages of
onset, there are likely to be lively debates about which
conditions it is appropriate to return to children. A one-
size-fits-all before/after age eighteen seems unlikely to fit
all the conditions for which PRS exist, for example a
high PRS for type 2 diabetes may not be clinically ac-
tionable for an infant, but may be for a teenager.

Potential genetic discrimination

In the USA, fears of genetic discrimination drove major
legislative efforts, culminating in the passage of the Gen-
etic Information Non-discrimination Act (GINA) in
2008, protecting individuals against the use of genetic in-
formation in most health insurance and employment
contexts [53]. GINA does not cover life, long-term care,
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or disability insurance, or other contexts such as lending
and education. While some States have additional legis-
lation in these areas, almost all of these permit under-
writing on the basis of genetic information if that
information can be convincingly linked to higher mortal-
ity or morbidity [54, 55]. While there is little documen-
tation that genetic discrimination is widespread [56],
there is evidence that individuals are put off learning
their own genetic risks because of the prospect of gen-
etic discrimination [57-59].

The issue of genetic discrimination may have renewed
relevance in the PRS context, particularly if the vision is
of a broad application to healthy individuals. If the data
we have from research studies generalizes to the clinical
setting, then we might expect many individuals to forgo
the potential upsides of receiving PRS because of fear
that the information will be used against them in insur-
ance pricing or availability. Moreover, it may be that life
insurers are more comfortable with using PRS to adjust
premiums, as they are likely to be potent predictors on a
population basis, and are formulated as exactly the sort
of information that they habitually incorporate into their
risk models. Life insurers would, however, have to cope
with the same problems of portability and interpretation
as faced by patients and physicians, so are unlikely to be
early adopters of the scores.

The intersection of public health and clinical
medicine

Polygenic risk scores have been proposed both as a tool of
clinical medicine and of public health. These two settings
come with their own overlapping but distinct ethical
frameworks. The former is focused on the individual, and
patient autonomy is key. In contrast, public health is fo-
cused on the prevention or mitigation of diseases in a
population. It has two main values which can compete
with each other: maximizing benefit to the population and
achieving equity within that population [60]. There are
two main strategies for prevention, focusing on factors
that affect the entire population (e.g., informational cam-
paigns) and focusing on those identified as at highest risk
[61]. There are downsides to the latter approach. First, it
may not be as effective as focusing on the whole popula-
tion [61]. Second, it can detract attention away from
broader social determinants of health [62]. Finally, it is not
straightforwardly clear what values apply in this context.
We begin by examining this ambiguity, and then discuss
the ethical issue that has received most attention so far,
the potential for contributing to health disparities.

What endpoints are we maximizing for, under which
constraints?

Current and former members of the U.S. Preventive Ser-
vices Task Force argue: “Our experience with multiple
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screening topics has taught us to focus on health out-
comes rather than diseases or intermediate outcomes.
The purpose of screening is to improve the length and/
or quality of people’s lives, not just to find abnormal-
ities” [63]. In other words, the metric by which a screen-
ing program for identifying those at higher risk of a
disease should be judged is not by number of novel diag-
noses but by direct effects on mortality and quality of
life. The former is, however, easier to measure in clinical
trials. Improvements in mortality and quality of life
come not just from the information shared on the PRS
report, but the ways in which the medical system facili-
tates appropriate follow up recommendations [19].

Even if a trial did manage to establish improvements
in length or quality of life endpoints, this misses the key
element of autonomy [64, 65]. After all, no change in
outcome is achieved unless the patient chooses to par-
ticipate. Just like the aim of prenatal screening is not a
reduction in those born with disabilities but is rather an
enhancement of reproductive autonomy, the aim of
sharing risk factors should not be simply increased
length or quality of life [66]. The language often
employed is that of empowerment [67]. For example the
UK’s Chief Medical Officer states in the context of gen-
omics that health systems will need to “empower them
[patients] to take greater responsibility for their health
and have greater regard to their personal values and
wishes” [68]. The issue of responsibility is an ethically
charged one, as it is not clear to what extent we want in-
dividuals to feel responsible for their own health [69].
Answers to questions of responsibility, guilt, and blame
are all of practical relevance in the tailoring of messages
alongside risk information [70] and even the display of
the risk information itself. For example, patient under-
standing and intention to change healthcare behaviors
are not necessarily maximized by the same choices of
how to display risk information [71]. Physicians adapt
their patient interaction strategies to achieve desired re-
sults [72]; they could use PRS to motivate behavior
change [73]. Key ELSI considerations are the extent and
degree to which nudging (ie., the design of the choice
environment to help people make decisions that are bet-
ter for themselves) is appropriate [74, 75] and, more
generally, what the ethical constraints are in maximizing
the proportion of people that act on risk factor findings.

The potential for contributing to health disparities

The scientific community has drawn attention to the po-
tential contribution of the clinical use of PRS to race-
based health disparities, stemming from the current in-
ferior performance of PRS based upon the existing
largely European ancestry data in non-European ancestry
populations (see the portability problem, above) [14].
This skew in data is itself the product of many factors
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[76]. For PRS, if current scores are beneficial, which is
under active debate, and if the benefits depend on pre-
dictive power, then their use would disproportionately
benefit those of European ancestry. Similar dangers have
also been raised for other branches of personalized
medicine [77]. Statistical methodologies have been pro-
posed to help narrow this gap in predictive power, but
they will not be able to fully close it. This poses an im-
mediate issue of whether tests should be restricted by
ancestry. This is the path taken for example by Ambry
Genetics, who restrict their prostate cancer test to males
of European ancestry, and their breast cancer test to fe-
males of Non-Ashkenazi Jewish, Northern European an-
cestry [6]. One alternative would be to make the test
available to those of all ancestries, in which case the per-
formance of the test should be reported in as many pop-
ulations as possible, and the results suitably caveated.
Which of these alternatives is preferable will be context
dependent, but ideally, it is those negatively impacted
who should have the deciding voice, for example by
using focus groups [78].

The medium-term remedy identified is to gather large
data sets from populations of diverse ancestries [79].
Several efforts are underway, including the NIH funded
“All of Us” program, which aims to recruit more than
45% of its one million participants from racial and ethnic
minorities [80]. It is unclear how we will know if these
laudable efforts suitably address the identified issue. The
predictive power of a biomarker is not guaranteed to be
the same across different groups, even in the presence of
very large samples, partly because the environment can
differ systematically across these groups. Of course, the
routine clinical use of PRS has the potential to exacer-
bate health disparities even if equal predictive power is
obtained across different ancestry groups, for the all too
familiar structural reasons that cause those disparities in
the first place, including lack of access to care. A
spectrum of approaches to assessing and addressing in-
equities will be needed.

A spotlight on biomarkers for risk

Besides the issues raised by the use of PRS in a public
health context, an additional set of concerns that may
arise with the clinical use of PRS are related to long-
standing issues with the use of biomarkers to identify
those at high risk of disease, including the dangers of
overtreatment and overdiagnosis [28]. These concerns
are linked to how risk biomarkers can change what we
mean by “a disease.” For example, the links between ele-
vated blood pressure and heart disease led to the intro-
duction of prehypertension as a disease diagnosis, a
classification that applies to vast numbers of asymptom-
atic individuals [81]. The ways in which the distributions
of biomarker values differ across populations have also
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led to a long-simmering debate. PRS are likely to re-
invigorate both these conversations. The use of bio-
markers for psychiatric conditions is not well
established, and in the case of PRS, research is inter-
woven with sociobehavioral outcomes, posing new eth-
ical challenges.

The relevance of race, ethnicity, and ancestry

The argument that clinical use of PRS could contribute
to health disparities discussed above stems from the
current poorer performance of PRS in non-European an-
cestry individuals, itself largely a result of the lack of rep-
resentation of these individuals in the underlying data. A
separate set of concerns relates to how the concepts of
race, ethnicity, and ancestry are used in the development
and deployment of PRS. Outside of genetics, there is no
shortage of evidence for racial and ethnic differences in
association between biomarkers and disease or response
to drugs, with attached calls for race-specific cutoffs and
algorithms [82—84]. A prominent example is the esti-
mated glomerular filtration rate, a surrogate for renal
function, for which a “correction” for race is typically
made [85]. In the risk variant context, the APOE ¢4 risk
allele for Alzheimer’s disease has been reported to have
different effects by self-reported race, leading some to
suggest that use of this allele as a risk factor should “ad-
just for race” [86]. However, the use of “race as a bio-
logical variable” is controversial, out of concerns that
this construct could detract from social determinants of
health, reinforce racial stereotypes, and contribute to
viewing race—a social construct—as predominantly
based in biology [87, 88]. Adjustments for race might be
viewed as appropriate if they are tied to underlying gen-
etic differences, suggesting the need for careful attention
and research into the relationships between ancestry,
race, racism, and the environment [89]. This is particu-
larly true for PRS scores, because the portability problem
means that attention to inferred genetic ancestry will be
necessary to ensure that patients receive accurate and
properly interpreted results. This will not be a straight-
forward task, as there are distinct differences in how
those in population genetics, clinical medicine, and epi-
demiology consider the role of genetic ancestry [90].
The use of race, ancestry, and ethnicity in polygenic
reporting will hence be fraught with both practical diffi-
culties and ethical questions. Urgent interdisciplinary
work to untangle some of these questions is needed.

Biomarkers for conditions that present unique challenges
There are at least three reasons to think that PRS for
psychiatric conditions may raise unique ethical concerns.
The first stems from a clinical distinction: the use of any
non-genetic biomarkers for risk for these conditions is
very limited. The effect of sharing biomarker risk in
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general for psychiatric conditions is hence understudied,
and the possible harms unclear. For example, there are
potential harms regarding effect on personal identity
that seem especially salient for psychiatric conditions
[91]. Second, the phenotype definitions for psychiatric
conditions that are used in GWAS studies are widely ac-
knowledged not to capture the distinct dimensions of
biological underpinnings of the different conditions [92].
PRS for psychiatric conditions have been shown to have
high pleiotropy, meaning that they associate not just
with the condition they are based on but for other psy-
chiatric conditions [93]. Any clinical use of psychiatric
PRS would have to consider the potential relevance to
conditions other than the one explicitly tested for.

The third reason is the existence of the research
agenda that looks for genetic correlations between pre-
disposition for psychiatric conditions and various socio-
behavioral traits, such as alcohol use, antisocial behavior,
and intelligence (reviewed in [94]). These efforts to link
the genetics of medical conditions and social outcomes
expands the potential relevance of being labeled as at
high risk for a psychiatric condition, an expansion which
may be very unwelcome to many, and which heightens
the possibility that individuals may experience
stigmatization because of such a label. Much conceptual
and empirical work will be needed to understand the
ramifications of these links to social genomics.

The concept of a disease

It is part of the hope of precision medicine that disease
classification is refined. In this vision, the broad defini-
tions we have of conditions, based on symptoms and test
results, are replaced with delineations based on differ-
ences in a molecular taxonomy that reflects underlying
biology [95]. In the monogenic setting, this involves
identifying molecular subtypes of disease, a process that
could prompt more accurate prognoses and potentially
new treatments. In the polygenic setting, risk scores are
linked to disease status via the liability-threshold model
[9]. In this model, liability is a continuous estimation of
summed genetic and environmental attributes related to
the causes of a disease. Above a certain threshold of li-
ability, the disease is present, or else it is absent [96]. In
this model, the continuous value—liability—has no rele-
vance except in connection with the threshold that
determines whether disease is predicted to be present.
Some have proposed that within psychiatry, PRS should
lead us to abandon this line drawing exercise entirely,
moving away from qualitative (yes/no) diagnoses—even
if refined by mild/moderate/severe designations—in
favor of positioning along quantitative dimensions [97].
This same logic might hold for non-psychiatric condi-
tions. Abandoning the binary classification system could
have far-reaching, long-term implications on medical
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practice, helping to transform the notion and the prac-
tice of healthcare from reactive to proactive, from treat-
ment to prevention.

How disease is conceptualized also has ramifications
outside medicine, for example the concept is entrenched
within legislation. In the USA, the Americans with Dis-
abilities Act covers individuals who are, or who are
regarded as being, limited in a major life activity. GINA
covers disease conditions that are not yet “manifested.”
Those in a “pre-disease” state fall between these statutes,
and hence do not benefit from the protections they offer
[98]. The concept of a disease is also central to debates
about the ethical permissibility of genetic modification,
where the therapy/enhancement divide—which is pri-
marily based on the concept of a disease—is often
regarded as relevant by the public and by policy makers
for distinguishing permissible from impermissible uses
[99]. The policy implications that result from a changing
concept of disease are the most speculative we have con-
sidered here, but they could also be the most far
reaching.

Conclusions

The prospect of clinical use of PRS is associated with a
wide variety of ELSI concerns. Many of the issues that
have been and continue to be discussed in the context of
monogenic genetic results are also present in the poly-
genic context, albeit sometime in modified form. These
include the relevance of results to family members, the
approach for secondary/incidental findings, the role of
expert mediators, the potential harms of testing, unique
concerns for the pediatric population, and the prospect
of genetic discrimination. Moreover, two additional as-
pects of the clinical use of PRS raise specific ELSI con-
cerns. The first is the potential use of PRS as a tool of
public health, a use case for which careful thought about
what endpoints we are maximizing for is needed, and for
which the impact on health disparities is central. The
second is that PRS can be viewed as a biomarker for risk
of common disease, an area which is already grappling
with whether and how to incorporate race, ethnicity,
and ancestry, issues that will be particularly acute for
PRS. PRS as biomarkers for risk also raise questions
about the very concept of a binary definition of disease.
And particularly for PRS for psychiatric conditions,
associations with sociobehavioral traits complicates their
ethical use.

Given the speed with which the science has developed,
and the calls for widespread clinical use of PRS, we ur-
gently need further conceptual and empirical work to
define ethically defensible best practices, to establish and
track the right outcome metrics, as well as to minimize
broader societal harms and unnecessary costs. Some
work has already started or is planned, for example the
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eMERGE IV study mentioned above, which will return
PRS reports to 20,000 individuals, will be informed by
ELSI projects investigating many aspects of the process
by which polygenic results are returned, but much more
is needed.

While aspects of PRS science, particularly the rele-
vance of population structure, seem to raise novel ethical
questions, almost all the issues we identify are old ones
in new wrapping. Our discussion demonstrates the con-
tinuity between polygenic risk information and other
predictive health information. Ultimately, we expect PRS
to help de-exceptionalize genomic information, while
simultaneously drawing greater scrutiny to other pre-
dictive biological information.
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