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Realistic expectations are key to realising the benefits of polygenic

scores

We must not let enthusiasm around polygenic scores allow us to forget other factors that are bigger,
more modifiable, and relevant for everyone, argue Amit Sud, Rachel Horton, and colleagues
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Key messages

® Polygenic scores will always be limited in their ability
to predict disease, as much of a person’s disease risk
is determined by factors that polygenic scores cannot
measure

® If we do not effectively communicate this limitation,
we risk overemphasising the role of polygenic scores,

which could undermine current effective screening
programmes

® The enthusiasm around polygenic scores must not
distract from efforts to tackle modifiable risk factors
for disease

Polygenic scores look at thousands of genetic variants
across a person’s genome to estimate their risk of
developing a specific disease. Each individual genetic
variant has a small effect on a person’s disease risk,
but by looking at all the variants together, something
clinically meaningful might be said about their
overall risk of developing a disease. This is in contrast
to monogenic variants, such cancer predisposing
BRCA variants, where a variant in a single gene has
a very marked effect on a person’s disease risk.
Polygenic scores can, in theory, be developed for any
disease for which genetics influences risk, but the
two areas in which their use has most widely been
described are cancer and coronary artery disease. We
focus on these in our article.

Enthusiasm surrounds government reports on
polygenic scores, with the Genome UK report
describing them as offering a “step change” in
screening for disease.! The UK NHS will offer risk
information based on polygenic scores to five million
people as part of Our Future Health, which is set to
become the UK’s largest health research
programme.?3 Such information is expected to inform
clinical decisions including access to screening.*
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Amid the hope that polygenic scores will “change
the whole paradigm of healthcare,”> we should
recognise that these scores are limited in their
potential to predict disease. If we do not set our
expectations accordingly, they could harm rather
than help.

Polygenic scores will always be limited in
their ability to predict disease

Polygenic scores offer the possibility of assessing a
person’s genetic risk for multiple diseases
simultaneously, at any point in their life course. But
they do not consider the effects of environmental or
poorly understood non-genetic factors that contribute
to most common diseases. Thus, polygenic scores
will always remain one of many risk factors and will
never reach a point where they can accurately predict
who will and will not develop disease.®

As with any screening tool, understanding the
sensitivity and specificity of polygenic scores is
essential to evaluate their clinical utility. A 2022
preprint evaluating polygenic scores in disease
prevention indicates that, with specificity set at 95%
(meaning that 5% of people who will not develop the
disease will have a high polygenic score), the typical
sensitivity for a polygenic score is 10-15% (meaning
that only 10-15% of people who will develop the
disease will have a high polygenic score)’—for
example, a polygenic score developed to detect
women at >17% lifetime risk of breast cancer has a
sensitivity of 39% (it will identify 39% of the women
who will go on to develop breast cancer, but miss
61% of them) and a specificity of 78% (22% of women
who will not go onto develop breast cancer will be
classified as having a “high risk score”).” 8 Increasing
the sensitivity of a polygenic score reduces the
specificity, and vice versa (fig 1).
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Fig 1| Choosing thresholds for declaring a “high” polygenic score

sensitivity but specificity but
reduce specificity reduce sensitivity

It is tempting to imagine that there will be a transformative
improvement in the predictive ability of polygenic scores through
the discovery of more genetic risk variants. But modelling shows
that, even in the theoretical scenario that all common genetic risk

2

variants are identified and used in a polygenic score, they will still
be limited in their ability to differentiate between those who will
and will not develop disease. Zhang et al calculated the maximum
predictive ability achievable with polygenic scores for various
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cancers and found that they hit a ceiling. In the case of breast
cancer, for example, with a specificity set at 95%, the best achievable
sensitivity would be 19% (4% better than current scores). At the
extremes of the distribution, that is for a small number of people,
they have the scope to be clinically useful. With theoretical best
possible polygenic scores, for example, people in the highest 1% of
polygenic scores for breast cancer would have a relative risk of four
times the average risk; for prostate cancer, five times; for colorectal
cancetr, 3.5 times.®

Balancing the benefits and harms of polygenic scores in
clinical practice

Given the intrinsically limited predictive abilities of polygenic scores,
a popular approach in research studies has been to integrate such
scores into existing prediction models that also consider other risk
factors, aiming to give a more holistic overview of disease risk. Using
this strategy, polygenic scores stand to slightly improve risk
prediction.

Generating an integrated risk tool by adding a polygenic score for
coronary artery disease to the pooled cohort equation or QRISK
score (clinical models for estimating a person’s risk of an
atherosclerotic cardiovascular disease event over the next 10 years)
improves predictive accuracy by 3-4%.° ' This integrated risk tool
has been lauded as “substantially enhanc[ing]” coronary artery
disease prediction and has been piloted in a collaboration between
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the NHS and the healthcare company Genomics in 836 general
practice patients in the HEART study.? If this integrated risk tool
were to be used, assuming that everyone exceeding the specified
risk cut-off receives and takes a statin (which results in a 20%
relative risk reduction), 8713 people would need to undergo
integrated risk testing to prevent one additional coronary artery
disease event. A comparable effect could be achieved by lowering
the current 10 year risk threshold for offering statin treatment in
the UK from 10% to around 7.5%. A recent cost effectiveness analysis
of polygenic scores in coronary artery disease prevention indicated
an incremental cost effectiveness ratio of around $140 0oo per
quality adjusted life year.’> This analysis costed polygenic scoring
at $70 per person, accounting for technical analytical costs, but not
budgeting for other downstream costs (such as the cost of
appointments with healthcare professionals for people to discuss
their scores). It also assumed 100% adherence to statin treatment.

Many hope that polygenic scores will improve cancer screening
programmes through early or more frequent screening for those at
higher polygenic risk. It has been proposed, for example, that annual
mammography should be offered to women aged 40-50 with
polygenic scores that indicate they are at moderate or high risk of
breast cancer.3 This has the potential to detect 1700 more cancers,
but at the cost of 5722 false positive results and with 4112 cancers
still being missed.® 4 "°Figure 2 uses 100 person diagrams to
indicate how polygenic scores might perform for cancer detection
in people not currently offered cancer screening in the UK.
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Fig 2 | Polygenic scoring for cancer screening. This figure draws on cancer registration rates from the Office for National Statistics,' with data on polygenic score performance
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from Jia et al 2020,8 mammography from Pisano et al 2005,'6 faecal immunochemical testing from Lee et al 2014, and prostate specific antigen from Thompson et al
2005.'8 It assumes 100% uptake, no interval cancers, and portability of polygenic scores across all ancestries.
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Incorporating polygenic scores into existing screening programmes
is not without risk. A study looking population screening for
colorectal cancer found that adding a polygenic score to faecal
immunochemical testing did not improve the diagnostic accuracy
but did add complexity and cost.'? In situations such as this, where
existing screening is already effective and cheap but not well taken
up, polygenic scores could worsen outcomes if people take “low
risk” scores as a reason to disengage from screening altogether.>®
Although we do not know how likely this would be if polygenic
scores were offered at scale, there are indications from a cohort
study that provided personalised breast cancer risk estimates: of
127 000 women invited to participate, 46% accepted risk estimation,
and attendance at the first screening appointment was slightly
reduced among women estimated to be at “below average” risk.*

Furthermore, polygenic scores cannot tackle overdiagnosis, a major
harm of screening.?> Most polygenic scores for cancer are based on
variants associated with incidence, not mortality, which
compromises their usefulness for diseases like prostate cancer,
which many men die with rather than from.?> When existing
screening has limitations (such as prostate specific antigen testing
for prostate cancer), the limited positive predictive value of a
polygenic score adds little diagnostic accuracy and might increase
the number of people who will not develop cancer (false positives)
but who will, nonetheless, be offered invasive confirmatory
investigations. Ambitions to introduce widespread polygenic scoring
for prostate cancer would require unprecedented investment in
diagnostic imaging, such as magnetic resonance imaging, which
is a constrained resource in the UK.**

What might people expect from polygenic scores?

Without wider conversations between the public, researchers,
healthcare providers, and policy makers around their limitations,
polygenic scores are vulnerable to misinterpretation. Unlike other
factors that might subtly nudge a person’s risk one way or another,
people might read more into “genetic” tests.?> 2 In 2019, for
example, the then UK health secretary Matt Hancock told the Royal
Society that having a polygenic score for prostate cancer “may have
saved my life” and he would ensure that he did not “miss any
screening appointments in the future” after being told that he had
a 15% risk of developing prostate cancer by age 75, neglecting to
mention that the background population risk is 13% and that there
is currently no screening programme for prostate cancer in the UK.?”

Absolute risk estimates account both for the relative risk often
reported with polygenic scores and the underlying population
disease risk—for example, people in the top 5% of polygenic scores
for breast cancer have a lifetime risk of 19% (compared with a
population risk of 11.8%). For prostate cancer, this is 22.2%
(population risk 12.7%), for colorectal cancer 6.9% (population risk
4.6%). For less common conditions, the effect on absolute risk is
often more modest. People in the top 5% of polygenic scores for
ovarian cancer, for example, have a lifetime risk of 2.1%, compared
with a population risk of 1.6%.7 °

Risk is notoriously difficult to communicate, and supporting people
in understanding the results of their polygenic scores could put
major strain on the health service. People with “high risk” scores
might want to discuss their results with a clinician, even when their
absolute risk is still small, and further costs might accrue depending
on decisions around future screening. Conversely, people who do
not have “high risk” polygenic scores might be less likely to seek
medical attention for concerning symptoms, or their clinicians might
be less inclined to investigate. This is concerning, as most people
who develop disease will not have a high polygenic score.
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Proponents could argue that being informed of high polygenic risk
might prompt helpful lifestyle changes, although evidence is
lacking. A 2016 meta analysis found that people tend not to change
their lifestyle on the basis of genetic results, and a study of nearly
1000 blood donors found that provision of polygenic risk information
for coronary heart disease did not affect objectively measured levels
of physical activity and other health related behaviours.?® 2° An
observational follow-up study of 7342 people in their 50s found that
communication of high cardiovascular risk (based on a composite
score incorporating both traditional and polygenic risk) was
associated with better health behaviour, but, because everyone in
the study had polygenic testing, we cannot know whether people
offered a traditional risk score alone would have made similar
changes.3°

Some evidence indicates that polygenic scores have the potential
to be misunderstood and cause distress. A survey of 227 people
accessing polygenic scores online without counselling for a wide
variety of diseases (including some without clear preventive or
treatment options) found that only 25.6% answered all questions
relating to understanding and interpretation of polygenic scores
correctly, but 60.8% experienced some degree of negative reaction
(upset, anxious, or sad on the “feelings about genomic testing
results” scale) after receiving their results. A lower understanding
of polygenic scores was associated with a negative psychological
reaction.3! Research exploring how best to communicate these
scores and what they do and do not mean will therefore be essential
if polygenic scores are to be widely adopted clinically.

A further concern is that, in the future, insurers might seek to use
polygenic scores to determine eligibility, given the prospect of
widespread polygenic score use increasing information asymmetry
between insurers and their customers.3? 33 Since 2001, the UK
insurance industry has followed a code setting limitations on the
use of health related genomic information in determining eligibility
for insurance, but this code is voluntary and designed to cover single
gene risk factors such as BRCA variants.

Non-genetic risk factors need greater attention

The development and use of polygenic scores is attracting money
and attention, but, for most common diseases, unglamorous but
well established risk factors like smoking, obesity, and
socioeconomic deprivation matter more than a person’s genetic
background. Childhood postcode, for example, is probably as good
a predictor of risk for most common diseases as most polygenic
scores.>*

We need to invest in tackling lifestyle risk factors for disease
through, for example, “stop smoking” initiatives and policies that
make it easier to afford to make healthy diet and exercise choices.
We also need to work to remove barriers to accessing existing
effective screening and treatments. Although polygenic scores have
the potential to subtly improve our ability to predict who will and
will not develop disease, most disease will occur in people who do
not have a high score. We argue that enthusiasm around polygenic
scores should not detract from efforts to tackle big, modifiable
environmental risk factors, which have generalisable and
population-wide utility—we need to get the cake tasting better before
we work too hard on the icing.

A further point to note is that the variants used in polygenic scores
are established in genome-wide association studies, and over 95%
of participants in these studies are European (https://gwasdiversi-
tymonitor.com/).3> These scores will typically have lower predictive
accuracy when applied to people with non-European ancestry.

Although, as we argue above, polygenic scores at best only slightly
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improve each person’s risk prediction, the use of polygenic scores
is set to benefit people with European ancestry more than anyone
else. Our Future Health seeks to address this by trying to recruit a

diverse range of people to the study, but it is important to remember
that at present, where polygenic scores work, they may widen gaps.

In summary, polygenic scores have the potential to slightly improve
risk prediction for common diseases, but the benefits of using them
will be modest. Wider discussion regarding the limitations of
polygenic scores is essential, along with robust research that
examines their clinical utility in the real world. This is necessary to
ensure that excessive focus on genetic risks does not divert time,
money, and attention away from other far greater contributors to
disease. Contrary to what many people might expect given usual
deterministic discourses around genomics, a high polygenic score
will generally have a rather underwhelming impact on absolute
risk and both clinicians and the public need to know this.
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