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Abstract

Recently, the use of polygenic risk scores in embryo screening (PGT-P) has been introduced on the
premise of reducing polygenic disease risk through embryo selection. However, it has been met with
extensive critique: considered as ‘technology-driven’ rather than ‘evidence-based’, concerns exist
about its validity, utility, ethics and societal effects. Its scientific foundations and criticisms thus need
to be carefully considered. However, seeing as PGT-P is already offered in some settings, further
guestions need to be addressed, in order to give due diligence to various aspects of PGT-P. By
examining the complexities of clinical introduction of PGT-P, we discuss whether PGT-P could be
responsibly implemented in the first place, what elements need to be addressed if PGT-P is clinically
implemented, and subsequently how counselling and decision-making of its users could be envisaged.
By dissecting these elements, we provide an overview of important practical questions of PGT-P and
emphasize elements of PGT-P that we think have yet to be given sufficient attention. These questions
and elements are for example related to potential target group, scope and decision-making
possibilities of PGT-P. The aspects we raise are crucial to consider by the scientific community and

policy makers for the development of guidelines and/or an ethical framework for PGT-P.
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Capsule summary

Various elements need to be considered regarding the introduction of polygenic embryo screening. It
needs to be discussed whether the scientific validity and clinical utility of polygenic embryo screening
is sufficient, what elements need to be addressed if PGT-P is clinically implemented, and how to

approach counselling and decision-making with PGT-P.
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Introduction

Preimplantation genetic testing (PGT) of embryos created with IVF or ICSI enables selection against
embryos carrying familial pathogenic variants or chromosomal aneuploidies, thus preventing the
future offspring from having that specific genetic condition (1). PGT for monogenic disorders (PGT-M),
structural rearrangements (PGT-SR) and aneuploidy screening (PGT-A) are well established in many
countries, although the clinical benefit of PGT-A is still debated (1, 2). The introduction of
comprehensive genome-wide genotyping and haplotyping methods has paved the way for PGT for
complex polygenic conditions, referred to as PGT-P or polygenic embryo screening (3, 4). PGT-P makes
use of polygenic risk scores (PRS) that are derived from large-scale genome-wide association studies
(GWAS) that identify genotype-phenotype correlations. By aggregating the cumulative effect of
hundreds or thousands of genetic variants in the genome, PRS provide estimates of the risk of
developing certain disease- or trait-associated phenotypes (3, 5, 6). This ability makes PRS promising
for the development of personalized medicine, guided by tailored prevention and treatment strategies
(7). In the preimplantation context, PRS-derived estimates can be used to screen embryos for the
likelihood of developing common polygenic diseases (e.g., cancer, diabetes, cardiovascular conditions)
or traits with the aim of selecting the so-called ‘best’ embryo for transfer. However, the uncertainty
behind such risk predictions contrasts with conventional PGT-M practice, where embryos are

genotyped for the inheritance of either low- or high-risk alleles of family-specific monogenic disorders

(1).

Within the fast-developing field of PGT, there are often calls for updates in international
guidelines and good clinical practice recommendations (8, 9, 10, 11, 12). Many countries have
established legislation and normative documents to manage PGT practice, some of which are
restrictive (13, 14). Thus, it is not surprising that the rapid introduction of PGT-P without prior scientific
or public discussion has been met with criticism and is substantially challenged, including by scientific
societies such as ESHG, ESHRE and ACMG (15, 16, 17). Various concerns have been raised, including
PGT-P’s lack of scientific validity and clinical utility, the ‘slippery slope’ it generates, and its potential
effect on prospective parents as well as society (15, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29).
Despite the controversy, PGT-P is already offered commercially by some companies in the United
States, with operations world-wide, presenting PGT-P’s aim as “choice over chance” and “have healthy
babies” (30, 31). Moreover, there seems to be a certain degree of public acceptance towards such an

application in the United States (32, 33, 34).

It is important to discuss the ethical, scientific and regulatory aspects of PGT-P while the

technology is still emerging, rather than only in hindsight. Examination of the specific possibilities of



potential PGT-P applications has so far been largely lacking. Furthermore, we have noticed that in
discussing PGT-P, there are often different perceptions and no clarity about how exactly PGT-P would
be implemented in clinical practice, for example regarding whom it would be offered to, who would
make decision regarding embryo selection or ranking, and for which conditions or traits it would be
available. Critical evaluation of these elements of PGT-P is thus necessary. The aim of this paper is
therefore to advance the vital discussion on PGT-P and to propose key topics to consider for policy and
practice. We first consider whether currently the science of PGT-P is sufficient for its clinical
implementation. Next, considering that — despite critiques — PGT-P is currently already offered in some
settings, we discuss what elements need to be addressed in that case. This includes who the embryo
screening option is targeted to, the scope of its screening, and if it would be used for ranking or for
selection of embryos. Lastly, we analyze the possibilities regarding how potential users could be
informed and usage decisions could be made if PGT-P were to be offered. These issues have so far
largely been ignored in discussions on PGT-P. Our aim is to encourage policy makers, healthcare
professionals and scientists to critically think about the potential wider implementation of PGT-P and
about what needs to be considered in that regard. The overview we offer intends to provide a basis

for questions and information to address in guidelines and regulations for PGT-P.

What does the science say?

The first question that needs to be addressed to develop a framework for PGT-P is whether there is
sufficient scientific evidence to justify its implementation in clinical practice. Currently, the main
scrutiny targets the accuracy and validity of PGT-P, which is considered to be low. Various scientific
publications have shown the possibility of relative risk reduction for polygenic conditions when
embryos are selected based on PRS (3, 35, 36, 37, 38, 39, 40). However, expected gain of embryo
selection based on PRS is described to be small, as the variation between siblings of the same biological
parents is inherently limited (20, 21, 22, 23). The probability that two parents will have one embryo in
the top quintile and the other in the bottom of polygenic risk scores is estimated to be less than 3%
(21). Recent efforts have been made to address these concerns by comparing the PRS effect size across
sibling pairs, demonstrating the potential risk reduction when multiple sibling embryos are available
(4, 22, 36). However, some of those analyses were performed on simulated data, which may not always
reflect the real-life scenario. In the real-life scenario, the limited number of embryos per cycle and
pervasiveness of aneuploidy in preimplantation development also has to be considered. From the
currently available embryo data, only 5% of viable euploid embryos are identified to be at high risk of

developing a polygenic condition that the embryos were screened for (e.g. diabetes, types of cancer



and heart disease) (36), which might not justify the routine use of PGT-P for the general IVF population,
considering the strenuous IVF process. Additionally, PRS calculations do not account for all genetic
variations in the genome, and rare, unknown or postzygotic ‘de novo’ variants with high-impact might
not be included, leading to imprecise estimates (41, 42). If only PRS are used for screening, relevant
pathogenic variants can be missed and a mutation-positive embryo with an otherwise low risk score
can be incidentally selected for transfer (4). Furthermore, the impact of (changes in) the environment
on disease development and phenotype cannot be accounted for with PRS and thus with PGT-P (21,
23, 28). Finally, since most GWAS have been performed on individuals with European ancestry, it is
unknown to what degree PRS are applicable to other populations (21). Reduced PRS accuracy for
people of non-European ancestry is not only a scientific limitation, but also an issue of inequality. It
remains crucial to expand GWAS to include different populations to improve the predictive power, as
first steps in this direction have been taken (7, 43). For all these reasons, implementation of PGT-P is

currently largely regarded as scientifically premature (15, 23, 24).

At the same time, clinical validity of PGT-P cannot be evaluated in clinical studies in the short
term, as it would take decades to confirm whether transferred embryos developed a polygenic —and
in most cases adult-onset — disease or not. As such, it will be nearly impossible to perform systematic
longitudinal follow-up studies to determine the value of PGT-P in terms of disease risk reduction (15,
23, 25). Comparison of PRS of the transferred embryo with the PRS of the respective new-born is the
closest validation possible in the short term (4), but this will remain a technical validation. Therefore,
it needs to be determined whether the validity of PGT-P will ever be considered sufficient for clinical

implementation.

Another question to consider is whether PGT-P can achieve sufficient risk reduction to be
considered for clinical use. In various contexts, high enough risk and penetrance is a requirement for
PGT offering (13). When it comes to PGT-P and risk reduction, additional complexity comes from the
way PRS can be conveyed to its users, i.e. whether a potential minimum risk reduction would concern
relative risk reduction (RRR, risk compared to a population average) or absolute risk reduction (ARR,
actual chance a person has of developing a condition) (5). For example, based on recent statistical
modelling for schizophrenia, RRR of 50% was achieved when selecting embryos with the lowest PRS
score, but when translated to absolute scale, an embryo with the lowest PRS score would have 0.5%
chance of developing the disease, compared to 1% chance in a randomly selected embryo (22). The
authors state however that in the case of a more common disease such as type 2 diabetes, an 8%
reduction in absolute risk can be achieved under optimistic conditions (22). Tentatively, in the familial
context, ARR could be increased further due to a priori higher risk of the disease. Ultimately, if PGT-P

could meet high ARR requirements, it could resemble PGT-M for adult-onset indications without full



penetrance, such as cancer predisposition syndromes or cardiovascular disorders. However, there are
practical factors that will limit the feasibility of this approach. The simulation models assume that every
IVF cycle can produce at least five embryos and/or every embryo transfer results in live birth (20, 21,
22), which is not the case in reality. Hence, the ‘fertility’ and ‘genetic’ bottleneck could make this

requirement complex to attain.

Is there a place in practice for PGT-P?
What is the scope?

While it seems that the validity and utility of PGT-P are currently insufficient, it is nevertheless
important to already consider what elements of PGT-P need to be included in policy and guidance, as
it is already offered in some countries. A relevant question regarding clinical implementation of PGT-P
therefore relates to its scope and what it could ethically be offered for. Currently, PGT-P is only
performed for medical conditions (30, 31), although initially it was also offered for short stature and
intellectual disability (44). Societal concerns around eugenics were immediately raised in media outlets
(19), and the option of embryo risk scoring for those indications was removed (44). Such negative
reactions show that, even if PGT-P overcomes scientific challenges, screening for non-medical traits is
not necessarily tolerated. A survey of the U.S. public also found that only a minority approved PGT-P
for non-medical traits (34). Similarly, healthcare professionals are largely negative about screening for
non-medical traits (45) and argue for PGT-P to be restricted only to medical conditions (29). However,
the argument of reproductive autonomy is also raised as an argument against delineating the scope of
PGT-P (25). Some healthcare professionals and IVF patients emphasize the importance of respecting
prospective parents potentially wanting to pursue polygenic embryo screening for non-medical traits
— though some also highlight the potential burden of having such choices (24, 45). Limiting PGT-P to
medical conditions is in line with many PGT guidelines, that generally do not support PGT for non-

medical or ‘desirable’ traits (although there are countries that are exceptions to this) (13).

However, even if embryo screening is limited to common polygenic diseases, it opens another
discussion on which conditions are serious enough to warrant PGT-P. Criteria such as severity, lethality,
age of onset, quality of life, treatment options, penetrance and experience of patients are relevant,
but do not provide a clear-cut answer, as standards for evaluating these criteria remain subjective (13,
46, 47, 48). Some countries have specific requirements regarding what PGT is allowed to be offered
for in their country, for example related to high-risk of a severe and/or incurable disease (49). The
discussion around seriousness of a condition is even more complex for PGT-P, as common polygenic

conditions might be considered milder than monogenic conditions regarding the disease onset,
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progression and treatment (50). This might mean many polygenic conditions and PGT-P do not meet
the PGT criteria that countries have in place (49). Later age of onset could also mean that the
environment and treatment availability might be different by the time the condition manifests. In this
regard, “The choice made today may not necessarily be the best one in the long run” (23, p. 5), which
could have consequences for parents, children and their relationships (23, 29). Inclusion of certain
conditions could also potentially lead to their further stigmatization, especially if PRS would be applied

for psychiatric conditions (15, 18, 51).

Who is the target group?

IVF treatment is generally initiated for reasons related to fertility issues, and PGT-M/SR plus IVF
treatment is generally chosen because of knowledge of being a carrier of a specific genetic mutation
or chromosomal rearrangement. However, it has been argued that it could attract a wider population
regardless of clinical indication, as PGT-P can screen for risk of various common complex diseases (52).
If people would start IVF solely for PGT-P, the negative impact of IVF and PGT on pregnancy chances,
health and the potential psycho-social effects on parents and future children should not be ignored
(53, 54, 55). However, considering that PGT-P entails a strenuous IVF procedure, it remains a question
whether the wider public without clinical indication would (and should be able to) opt for IVF solely

for PGT-P.

Currently, PGT-P panel is mainly offered as an ‘add-on’ to IVF patients, who undergo PGT-A for
fertility reasons, but have no (known) familial history of polygenic conditions (56). PGT-P for multiple
indications could potentially be offered to people also undergoing PGT-M/SR. In a few normative PGT-
M documents, it was indicated that the requirements for risk (57) or severity (58) could be lower for
additional testing for people already undergoing IVF or PGT (13). However, this use of PGT-P contrasts
with the general purpose of PGT-M/SR. Family history is a crucial factor determining the need to
undergo genetic testing, so screening for a panel of conditions without clear indication nor clear
benefit is largely associated with consumerism in reproduction (51, 59). Hence, in such cases PGT-P
could be seen as opportunistic screening because of the lack of medical need and clinical utility (60).
Furthermore, if embryos are screened for a variety of conditions, the embryos may all be at risk for at
least one polygenic condition, especially if the number of polygenic conditions screened for would
increase in the future. This could complicate deciding between embryos (18, 24, 61). In the worst case,
choice overload may lead to refusal to transfer any embryos at all (3, 62). Thus, it remains questionable

whether extrapolation of PGT-P to the general IVF/PGT population can be justified.



Another option would be to offer PGT-P to couples with a family history of a polygenic
condition, mimicking the use of PGT-M/SR. PGT-P would then screen for a family-specific disease,
instead of using a screening panel for multiple indications. For instance, polygenic breast cancer
accounts for 18% of familial cases (63), and polygenic coronary artery disease for 20-30% (64). Offering
PGT-P in this way is seen as more appropriate than offering PGT-P to a larger population by some
healthcare professionals and PGT patients (24, 45, 65). It has been predicted that when one or both
partners are affected, the ARR in embryos through use of PGT-P can substantially increase, especially
inthe presence of increased parental PRS (22). Thus, integrating family history can make PRS prediction
stronger than PRS alone (66). It could therefore be assumed that familial conditions of polygenic cause
may be a more suitable target for PGT-P, though with the added caveat that PGT-P is only able to
provide risk scores rather than diagnoses. However, as mentioned, most of the predictions are made
using simulated data. More importantly, even in familial context, PGT-P will not provide couples a

definitive diagnosis and the certainty that they normally seek when they opt for PGT.

Considering that polygenic background can significantly increase the lifetime risk of developing
certain monogenic conditions (4, 67, 68), the most suitable target group for PGT-P at this point might
be couples that are already undergoing PGT-M for cancer predisposition or for cardiac conditions with
variable penetrance. Offering PGT for reduced penetrance is already a discussion (46), however
combining monogenic and polygenic assessment could potentially enhance risk estimation and may
be less disputed, especially for moderate-risk indications. For example, the lifetime risk of women with
PALB2 or CHEK2 pathogenic variants and high PRS increases from 35% to 84% and from 29% to 59%,
respectively (69). As such, the risk becomes equivalent to BRCA1/2 mutations, which are already

established PGT indications in many countries (70, 71, 72).

Is it for ranking or for selecting?

Another important consideration of clinical implementation of PGT-P is whether to apply PGT-P for
embryo selection or for embryo ranking. This will also affect the counselling procedure. With selection,
embryos with undesirable PRS would be discarded, whereas with ranking, the aim would be to decide
on the preferred order of transfer based on PRS, but not necessarily to discard embryos. The issue of
ranking or selecting also depends on whether PGT-P would be used for one condition or for a panel of
conditions. Especially in the latter case, both ranking and selecting would be complex, as it would have

to be decided what this prioritization or selection is based on.

On the one hand, it can be argued that ranking of embryos happens anyway, either based on

morphology or PGT-A results, and PRS can give more information on which ranking can be based (28).
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For example, the embryo with lowest PRS for a specific condition could be transferred first, as this has
been found to lead to more substantial risk reductions than excluding embryos with high PRS for that
condition (22). Selection, however, would limit the number of usable embryos, which could limit the
chance of pregnancy, especially for those already undergoing PGT for other reasons. It would also lead
to discarding viable embryos that are not guaranteed to develop a certain polygenic condition in the
first place (24, 28). The question arises whether PRS provide enough justification to discard embryos,

and whether ranking instead could be the preferred option.

On the other hand, ranking for PGT-M for multiple conditions or for PGT-A (in case of
chromosomal mosaicism) is already seen as complex, let alone with addition of PRS (73, 74, 75, 76). By
prioritizing embryos, it might be possible that non-prioritized embryos will be considered less valuable,
which might make it difficult for prospective parents to still consider those embryos for implantation,
whereas in regular IVF/PGT treatment prospective parents would generally not be confronted with
these types of decisions. Prospective parents might not want their highest risk embryos implanted,
meaning it could still lead to selecting and discarding, which has already been reported to happen (62).
One could also continue endlessly in search of the ‘perfect’ embryo, thereby not using average risk
embryos out of fear (24, 65). However, in certain countries (such as Belgium), one cannot start a new
IVF cycle if there are still embryos available that are considered to be suitable for transfer (77). It is
therefore necessary to carefully think about the criteria of a ‘usable’ embryo with PGT-P. Importantly
for both ranking and selecting, there might be few embryos available per cycle and the expected gain
of selecting the top-scoring embryo based on PRS has been described as currently small (20, 21).
Additionally, the so-called 'best' embryo might not lead to a pregnancy, meaning that an embryo with

less optimal scores might be transferred.

What are counselling considerations of PGT-P?

If PGT-P is clinically implemented, the procedure of counselling and informing prospective parents and
deciding what embryo(s) to transfer also has to be considered. In order to allow prospective parents
to exercise their reproductive autonomy, it is important that they are accurately informed about PGT-
P (25). As counselling couples for PGT-M/SR or PGT-A can already be challenging, counselling for PGT-
P might be even more difficult: screening might be performed for multiple indications, and PRS and
the difference between relative and absolute risk can be complicated to understand and communicate
to prospective parents (7, 18, 21, 23, 24, 51, 52, 78). The question then is whether prospective parents
can fully understand and make an informed decision for PGT-P. On the one hand it, it is argued that

prospective parents should be trusted to be informed about and opt for PGT-P. On the other hand, it



is suggested that prospective parents might have trouble understanding PGT-P, resulting in
misconceptions regarding PGT-P, which could complicate their ability to make a true informed decision
(25). For example, some prospective parents might believe PGT-P to guarantee the child will be healthy

and/or will not develop a specific or any polygenic condition (21, 24).

A related question is what information to report to prospective parents, for example pertaining
to conditions meeting a minimum risk reduction, only conditions present in the family, or no
information at all. Research on those considerations shows that large amounts of information are not
welcomed by PGT patients (79). Providing information can be seen as necessary to allow prospective
parents to make informed reproductive decisions, but it can also be seen as leading to a “paradox of
increased choice” (80) and “information overload” (24, 70, 81), especially considering the complexities
of PRS (7). Knowing PRS could make prospective parents anxious before, during and after pregnancy
or lead to misconceptions or a false sense of security around health (7, 28, 29, 65). Currently, one of
the commercial offerings of PGT-P provides an “embryo health score”, in which the PRS of all screened
conditions are combined into one cumulative score (82). Although this gives the impression of helping
with decision-making, it could also bring uncertainty to prospective parents regarding what contributes
to this score and could for that reason be seen as inappropriate. Furthermore, if PRS are reported to
prospective parents, it must be considered whether PRS would be reported as a continuous variable
(such as a percentage) or as a binary (high risk/low risk) and whether relative and/or absolute risks are
reported, especially considering that reporting RRR or ARR could trigger different perceptions on PGT-
P’s effectiveness (50, 83). It needs to be ensured that prospective parents have accurate ideas about
PGT-P, are not overburdened with too much or too difficult information, and do not feel pressure to

make use of PGT-P (28, 29).

In this regard, the question of who chooses which embryo is chosen for transfer and the
decisional power given to prospective parents also needs to be considered. Opinions might differ
between physicians and prospective parents regarding which embryo is considered the ‘best’ or
‘healthiest’ (52). Should prospective parents be allowed to choose what embryo they consider ‘best’
(potentially aided by calculated scores), thereby emphasizing their reproductive autonomy? Should
this be joint decision-making between prospective parents and healthcare professionals (e.g. within a
framework of limitations)? Or should prioritization or selection decisions be made by healthcare

professionals, in order to protect prospective parents from potential impossible choices (24)?

Additionally, PRS calculated at the embryo level contain information related to the life of a
potential person. If not informed about (all) PRS during PGT, could parents be informed when the baby

is born? Should the individual at some point in their lives be informed about their PRS? Information
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about PRS could potentially lead to preparation for a child with certain genetic risks (45), although the
poor utility described earlier needs to be considered to decide whether this would be useful to report.
In this sense, the impact of the environment on PRS would also need to be acknowledged (23, 28). PRS
and the emphasis placed on genetic factors instead of environmental factors could create anxiety and
conflicting feelings of responsibility for both parents and child (24, 25, 29). Furthermore, the rights,
privacy and autonomy of the child have to be considered. The child could arguably have a right to this
information pertaining to their health risk, but it is also possible that the child might not want to know
this information, especially about late-onset conditions or conditions without treatment options. They
might also not want others (such as insurance companies) to know this information, or might be
treated differently because of people knowing this information (29, 81). These concerns are also
present regarding genetic testing of minors. Generally, for predictive testing for adult-onset conditions,
such as BRCA1/2, it is recommended that people can only get tested once they are sufficiently mature
(84, 85). PGT-M is already performed for such adult-onset conditions, but because PGT-M’s aim
generally is to transfer embryos without that specific mutation, there are less concerns about
informing the future child than with PGT-P. In some cases of PGT-M, embryos with a mutation might
be transferred (e.g. in case of multiple conditions). The question of informing future children about
risk of adult-onset conditions would be relevant in such cases, however, this concern needs to be
especially carefully navigated with regards to the potential abundance of information and lack of clear

utility with PGT-P.

Conclusion

In this paper we have provided an overview of several important topics that need to be addressed
regarding PGT-P implementation. First, the question of whether there currently is a solid enough
scientific basis for PGT-P to be responsibly clinically implemented has to be addressed. While efforts
have been made to disperse some of the concerns towards PGT-P, high-levels of uncertainty remain
regarding PGT-P’s validity and utility. Seeing as PGT-P is currently already offered in some settings
despite these scientific concerns, agenda-setting questions need to not only address PGT-P’s
acceptability, but also in what ways it could potentially be offered in practice. Therefore, the target
group, scope and selection procedure need to be carefully considered. Lastly, if PGT-P would be
offered, questions regarding the approach for counselling and decision-making are important to
address. In the end, it is essential to consider whether PGT-P can have value for prospective parents
and their reproductive decision-making and to ensure it is not solely opportunistic and commercialized

screening. The questions we have raised aim to help think through when, how, if and for whom the

11



responsibly implementation of PGT-P could ever be achieved. The considerations thereby prompt the
scientific community and policy makers to critically regard the potential wider implementation of PGT-

P and help navigate what to address in guidelines or ethical frameworks.
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