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ABSTRACT: Numerous chronic diseases have a substantial hereditary component. Recent advances in human genetics have allowed the

extent of this to be quantified via genome-wide association studies, producing polygenic risk scores (PRS), which can then be applied to

individuals to estimate their risk of developing a disease in question. This technology has recently been applied to embryo selection in the

setting of IVF and preimplantation genetic testing, with limited data to support its utility. Furthermore, there are concerns that the inherent

limitations of PRS makes it ill-suited for use as a screening test in this setting. There are also serious ethical and moral questions associated

with this technology that are yet to be addressed. We conclude that further research and ethical reflection are required before embryo

selection based on PRS is offered to patients outside of the research setting.
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Introduction

The birth of Louise Brown in 1978 (Steptoe and Edwards, 1978) fol-
lowing IVF ushered in a new era in human reproduction and had a
profound impact on society in general. In countries that use this tech-
nology liberally up to 5% of children are born through ART
(Chambers et dl., 2017). Advances in the understanding of human ge-
netics allowed for embryo selection to avoid various genetic condi-
tions. Outside of embryo selection, wide availability of affordable
genetic sequencing allowed the proliferation of private enterprises that
offer this service for non-medical indications, such as genetic genealogy
(Kling et al., 2021). Availability of large population-based genetic data-
bases has enabled diseases with only a partial genetic basis to be eval-
uated in terms of future risk and individuals to be risk stratified based
on their unique genetic profile. This has given rise to what is termed a
‘polygenic risk score’ (PRS) where a particular combination of genetic
variants may confer a specific likelihood of developing a certain poly-
genic condition, such as hypertension (Tada et al., 2021) or diabetes,
later in life (Konuma and Okada, 2021). Furthermore, PRS can be de-
rived for various non-disease-related parameters, including intelligence,
height, endurance and even criminality (Kendler et al, 2019). This

technology has recently been applied to embryo selection (Treff
et al, 2019a), which raises significant ethical concerns (Lazaro-Munoz
et al., 2021). This article discuss the concept of PRS, its proposed use
in embryo selection as a screening test and ethical issues related to
such use.

Background to PRS

PRS calculations rely on a complex statistical modelling of disease risk,
based on genome-wide association studies (GWAS), using single-
nucleotide polymorphisms (SNPs). SNPs are variations in nucleotide
sequence that differ between individuals, and each SNP may be associ-
ated with a small change in the risk of one or more common diseases
(Manolio et al., 2009). Since an individual SNP only confers a small var-
jation in the disease risk, a combination of SNPs is required to pro-
duce a model which meaningfully assesses an individual’s risk. This is
the theoretical basis of PRS, where multiple SNP-associated risks are
combined into a polygenic model (Golan et al., 2014) that can then be
applied to a particular individual.
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It is important to consider how individual SNP risk of disease is gen-
erated. At the most basic level, a GWAS dataset, that comprises the
clinical characteristics and SNP profiles of a study population, is
obtained. In essence, the study population is divided into those who
develop and do not develop the disease being studied. The difference
in SNPs is then examined to determine which SNPs increase, or de-
crease, the risk of the disease (Lewis and Vassos, 2020).

Preimplantation genetic testing

Preimplantation genetic testing (PGT) involves obtaining a small sample
from the trophectoderm of a developing embryo. Once a DNA sam-
ple is extracted from the biopsy, it is amplified for genetic analysis.
Multiple investigations can be undertaken, potentially including charac-
terization of the embryo’s SNPs profile (Treff et al., 2019b). Some
applications of PGT are well established, while others are controversial
in terms of effectiveness, especially in the setting of screening for nu-
merical chromosomal aberrations (Munné et al., 2019; Pagliardini
et al, 2020), as well as to exclude embryos that may produce non-
lethal phenotypes, such as deafness or dwarfism, regarded by some
disability advocates as non-pathological variants (Wallis, 2020).

It was only a matter of time before PRS analysis was applied to em-
bryo selection. A number of companies based in the USA, such as
Orchid Biosciences and Genomic Prediction, offer PRS for embryo se-
lection (PRS-ES) analysis to prospective parents (Genomic Prediction
Clinical Laboratory, 2022; Orchid Health, 2022). In a minimally regu-
lated U.S. ART market, these companies promote their services di-
rectly to consumers and promise “advanced embryo screening” for
such diverse conditions as Alzheimer’s disease, stroke, breast cancer
and diabetes, among others. There are significant concerns, which ren-
der such claims suspect and the introduction of this technology for
embryo selection, ethically questionable. These concerns mainly relate
to the overall value of such testing in terms of its ability to deliver
promised outcomes, as well as the social and ethical implications of
widespread adoption of this novel technology should it prove to be
beneficial to individual patients.

PRS as a screening test for
embryo selection

PRS-ES is a screening test and should be evaluated as such before its
widespread use can be advocated. There are well established frame-
works to evaluate the acceptability, ethical and otherwise, of
population-based screening tests. The most widely used criteria to
evaluate screening tests were developed in the 1960s by Wilson and
Jungner (1968). With some modifications, it has been applied to a vari-
ety of screening scenarios, including newborn screening and genetic
screening (Petros, 2012; King et al., 2021). A further refinement by
Botkin produced an ACCE acronym which refers to A: analytic validity,
C: clinical validity, C: clinical utility, E: ethical, legal and social implica-
tions (Botkin, 2009). This framework can, and should, be applied to
evaluate the utility of PRS-ES. The basic questions that need to be an-
swered before introducing any test or novel technology is whether it

will achieve the outcomes promised and whether the benefits out-
weigh the risks (Table ).

Analytic validity

This refers to the accuracy with which a genetic characteristic, such as
SNPs, is identified by a given test (Burke et al., 2002). There is little
doubt that currently employed techniques of genetic analysis are accu-
rate and reliable. The SNPs analysis is usually a true reflection of the
genetic makeup of the cells being analysed, barring any laboratory mis-
haps. There is also at least one study that demonstrates the possibility
of PRS estimation, concurrently with the more established genetic
evaluations of an embryo (Treff et al., 2019b). There are, however,
well recognized technical limitations when comprehensive profiling of
an embryo’s genome is attempted. These are related to the limited
quality and quantity of DNA available from a small number of cells de-
rived from a trophectoderm biopsy (Zong et al., 2012; Peters et dl.,
2015). Furthermore, statistical manipulation of genetic data may limit
the detection of rare pathogenic gene variants (Delaneau et al., 2019).
Novel approaches are being developed to address these limitations
and some report excellent concordance between embryo biopsy and
post-natal genetic analysis (Kumar et al, 2022). These remain expen-
sive, labor-intensive and what can only be classified as being ‘in devel-
opment’ stage of their evolution, with no published experience of
wide implementation. Common genetic variations found in the tro-
phectoderm of human embryos have not been systematically
addressed and may create an additional level of uncertainty, as is ac-
knowledged by the authors of the latest study (Kumar et al., 2022). It
must be concluded that the analytic validity of PRS-ES is currently
questionable, and it does not fulfil this criterion for widespread imple-
mentation, outside of the research setting. Further investigative efforts
in this area should be directed towards demonstrating concordance of
PRS-ES with post-natal genetic evaluations.

Clinical validity

This criterion was proposed in 1999 to describe the ability of a genetic
test to identify a clinical condition in question (Holtzman and Watson,
1998). The overall accuracy of a test is commonly assessed by tradi-
tional epidemiological parameters, including positive and negative pre-
dictive values, as well as sensitivity and specificity. In the context of
PRS-ES, it is a measure of how well a genetic variant being analyzed is
related to the risk of a specific condition developing in the distant fu-
ture. This question cannot currently be answered because of the tem-
poral disconnect between the proposed testing and the outcomes of
interest. However, there are strong reasons to suspect that PRS-ES
may lack clinical validity. This is related to the methods used to calcu-
late PRS (Wald and Old, 2019), which may make them ill-suited to be
used for embryo selection. One must remember that complex multi-
factorial conditions, such as the ones where PRS are used, have a sub-
stantial environmental component. Risk factors, such as obesity,
smoking, diet, environmental exposure to toxins and general living
conditions, play an important role in disease pathogenesis. There is no
doubt that a disease phenotype is the outcome of a lifelong interaction
between one’s genes and the environment. It is important to note
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Table I Polygenic risk score for embryo selection: an evaluation summary.

Screening test evaluation

components (ACCE")

PRS-ES" issues identified

PRS-ES overall assessment

Analytic validity

Clinical validity

Clinical utility

Ethical, legal and
social implications

Partially established (Treff et al., 2019b), but unresolved issues
remain (Zong et al., 2012; Peters et al., 2015; Delaneau et al.,
2019).

Cannot be demonstrated owing to temporal disconnect
between the test and outcomes.

Changes in environmental conditions likely to make PRS-ES
clinically invalid.

Overall improvement in clinical outcomes is impossible to
demonstrate.

Unlikely to be clinically significant owing to the limited number
of embryos available for analysis and significant uncertainties
inherent in PRS-ES.

Clinical utility may be further decreased if the gender of an
embryo is taken into account.

Multiple ethical issues and social implications remain unresolved.
Possible harms and questionable benefits, especially if IVF and
embryo biopsy are undertaken for the sole purpose of PRS-ES.

May be acceptable, but further research required
to address remaining concerns.

PRS-ES is unlikely to be clinically valid.

Clinical utility of PRS-ES is highly questionable,
cannot be demonstrated by acceptable research
protocols.

Cannot be considered ethically justified.

*ACCE—analytic validity, clinical validity, clinical utility, ethical implications.
**PRS-ES—polygenic risk score for embryo selection.

that PRS are derived from studies of people who have lived long lives
in certain environments. It is also undoubtedly true that humans con-
ceived today will live their lives in a radically different environment
compared to people who were born 50years ago. In the past
|00 years, environmental conditions and lifestyle have changed dramat-
ically, and these changes have accelerated in recent decades. The
gene—environment interactions that produced a disease phenotype in
people in their 50s and 60s are unlikely to be similar to the gene—envi-
ronment interplay over the next 50years. Thus, not only is it difficult
to assess the clinical validity of PRS-ES in terms of the outcomes in
question, it is also possible that clinical validity would be limited by the
different effects of future environment on gene expression, compared
to the past. This represents one of the inherent limitations of PRS,
where the original study population may have been under different en-
vironmental influences compared to the populations to which PRS is
applied (Khoury et dl., 2013).

Clinical utility

In the context of screening, the clinical utility measure may most accu-
rately reflect the overall value of a genetic test. It is defined as the evi-
dence that a genetic test improves clinical outcomes in a measurable
way. A test must be useful in terms of aiding clinical decision-making
compared to a currently utilized strategy without screening (Teutsch
et al., 2009). On the most fundamental level, clinical utility refers to
the likelihood that the test will lead to an improved health outcome
(Burke et al., 2002). Considering the inherent limitations of PRS even
for their original purpose, namely risk stratification on an individual and
population level of people who are currently at risk of developing the
diseases in question (Wald and Old, 2019), it appears highly unlikely
that PRS-ES of people yet to be born will be of substantial clinical util-
ity. Furthermore, it is difficult to meaningfully assess the clinical utility

of a test for a condition which may or may not manifest itself decades
into the future. Mathematical modelling of PRS-ES has been attempted
and indicated extremely limited utility in terms of non-pathological trait
selection (Karavani et al., 2019), such as height and intelligence quo-
tient (IQ). This is also true for disease traits such as Crohn’s disease
and schizophrenia (Lencz et al., 2021).

It appears that prospective parents are commonly being misled by
the companies advertising this service by quoting relative risk reduction
rates, without putting these values into appropriate perspective
(Turley et al., 2021). As elegantly described by Turley et al. (2021),
the purported benefit of PRS-ES is commonly calculated and presented
as a difference not between two average embryos, but rather a differ-
ence between the highest and the lowest possible risk embryos, thus
maximizing the theoretical benefit of the test. The value of PRS-ES
may also depend on the selection strategy applied (Lencz et dl., 2021),
but these nuances are not clearly communicated to the prospective
patients. There are numerous other reasons as to why the clinical util-
ity of PRS-ES may be of limited value. They relate to the assumptions
inherent in PRS modelling, which may not be applicable to the popula-
tion assessed. There is also the reality of the IVF process, which usu-
ally produces only a limited number of embryos that are suitable for
genetic screening. This makes the choice of embryos available rather
limited in most instances. It is also important to note that all embryos
produced by a couple are genetically related and share on average
50% of SNPs. One must conclude that owing to inherent limitations of
the PRS-ES models and limited variation in the genetic makeup of em-
bryos produced by a couple, the clinical utility of PRS-ES is almost cer-
tainly diminutively small (Karavani et al., 2019).

Another surprisingly unexplored issue relates to the impact of an
embryo’s gender on PRS. There are conditions that affect only one
gender, such as cervical, uterine, ovarian and prostate cancer. There
are conditions that are much more prevalent in one sex, such as
breast cancer. Most of the conditions which can be assessed using PRS
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have a significant gender association. This implies that by selecting one
sex over the other, a prospective parent can influence the risk of all
the conditions in question. Furthermore, sex-based risk is likely to be
more significant compared to PRS-ES calculated risk. This can be dem-
onstrated by looking at the list of conditions listed on the website of a
PRS-ES provider (Orchid Health, 2022) as being part of the PRS calcu-
lation. The following conditions are significantly more prevalent in
males: schizophrenia, heart disease, atrial fibrillation, stroke, prostate
cancer and type 2 diabetes. The only conditions with higher preva-
lence in females are breast cancer and Alzheimer’s disease, while in-
flammatory bowel disease and type | diabetes do not appear to be
strongly influenced by gender (Mokdad et al., 2018). Therefore, by
choosing a female embryo, one can substantially reduce the overall
risk of developing most diseases included in this list. Conversely, by
choosing an embryo with a lower PRS, one is more likely to select a
female embryo and, in fact, the first baby born utilizing PRS-ES was a
female (Bloomberg News, 2021). It is also important to note that ow-
ing to a variety of factors that are beyond the scope of this paper,
males appear to have higher overall quality of life (Orfila et al., 2006),
while at the same time having lower life expectancy, compared to
females (Australian Institute of Health and Welfare, 2021). Poor diet,
limited exercise and tobacco use are major risk factors for most poly-
genic conditions that are more prevalent in males but, being modifi-
able, these factors are not necessarily the reason to exclude an
embryo from being transferred.

Ethical and social implications

Autonomy

There is nothing inherently unethical in wanting one’s child to have the
best possible life. Disease prevention, even decades into the future,
would certainly be consistent with this desire. It has been argued that
the principle of procreative beneficence (PPB) should guide these
decisions:

Couples (or single reproducers) should select the child, of the possible chil-
dren they could have, who is expected to have the best life, or at least as
good a life as the others, based on the relevant, available information.
(Savulescu, 2001)

There is a strong opposition to applying this principle to embryo se-
lection (Herissone-Kelly, 2006; Bennett, 2009; Petersen, 2015) and
various counterarguments have been proposed. Nevertheless, the PPB
has an intuitive appeal, if not in academic circles then certainly to the
broader public. Parents commonly go to extraordinary lengths to en-
sure the health, safety and future success of their children. It is equally
clear that at least some prospective parents would embrace an oppor-
tunity to select the ‘best’ possible child. The widely accepted doctrine
of procreative autonomy certainly supports prospective parents’ right
to do so, not necessarily making it ethically obligatory. Thus, if informa-
tion is available that may influence parental decision, it should be dis-
closed. Likewise, if there is a test available that may provide such
information, it should also be discussed, and the prospective parents
should be free to choose whether to take it up. The issue is not pri-
marily whether a validated test be made available and the information
derived provided; rather, the issue is that the information derived

from PRS-ES is commonly presented in a subjective fashion that pro-
motes its purported benefits and minimizes its multiple limitations,
some of which are addressed above (Pagnaer et al, 202I; Turley
et al., 2021). Biased information compromises autonomy by causing
people to make decisions they would not endorse if they had all
relevant information, ultimately resulting in choices that may not be in
one’s best interests, nor in the best interests of one’s child
(Blumenthal-Barby, 2016). An additional problem is how to accurately
communicate all the uncertainties associated with this novel technol-
ogy, considering that even the experts disagree on its utility (Kumar
et al.,, 2021; Treff et al., 2021). Therefore, one might conclude that the
application of PRS-ES is not suitable for implementation outside appro-
priately conducted research studies, where information provision and
consent processes are more robust.

Beneficence and non-maleficence (harms
and benefits)

The considerations of beneficence and non-maleficence are relevant.
Medical interventions have risks. The net intended benefit must out-
weigh those risks for an intervention to be ethically justified (Gillon,
1994). As demonstrated in the discussion above, in relation to clinical
utility of PRS-ES the benefit of this intervention is uncertain at best.
There are also recognized risks of its widespread implementation,
which may make this technology unsuitable for clinical use. Risks to
the prospective parents and to the future offspring must be distin-
guished. Possible negative impact of PRS-ES on a communal level will
also be considered.

At present, PRS-ES is marketed to patients who undergo IVF and
embryo biopsy for unrelated reasons. Women undergo fertility treat-
ment/embryo biopsy and accept its risks, irrespective of whether PRS-
ES is applied. In these women, PRS-ES does not present additional
risks. Indeed, it does not represent a risk to the future child if PGT is
being performed for other valid reasons, for example testing for a
monogenic condition or structural rearrangement.

However, one can envisage a scenario where some would choose
to undertake this treatment purely to utilize PRS-ES. The IVF process
is associated with potentially serious risks (Blumenfeld, 2018; Farhud
et al., 2019; Lattova et al., 2019), which would be accepted by poten-
tial parents in the hope of providing a meaningful benefit to their future
children. Another possibility is that prospective parents would choose
to subject their embryos to trophectoderm biopsy for the sole pur-
pose of PRS-ES. The biopsy process may decrease their overall chan-
ces of pregnancy (Homer, 2019; Orvieto and Gleicher, 2020; Yan
et al, 2021) and may result in further need for IVF treatments, since it
is likely that many good quality embryos will be required to make the
choice between them meaningful. Furthermore, prospective parents
may be faced with difficult decisions about the future health of their
children. PRS-ES may be used to assess the risk of multiple conditions
concurrently. All tested embryos will have a different risk profile and a
choice will need to be made as to which embryo is to be transferred.
How does one choose between an embryo that has a 5% chance of
developing type 2 diabetes by the age of 50years and an embryo that
has a 10% chance of developing Alzheimer’s disease by the age of
80years? Some providers utilize quality-adjusted life-year calculations
to assess the overall theoretical disease burden for a particular em-
bryo. It is highly questionable whether this population-based matrix of
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overall health and well-being is suitable for this indication and may in
fact add an extra level of uncertainty, the extent of which is difficult to
quantify. This could lead to ‘choice overload’ and decision-making pa-
ralysis, where people avoid making a choice entirely (Hadar and Sood,
2014). This is exactly the situation described in the first report of the
PRS-ES, where all five tested embryos had an elevated risk of breast
cancer and the prospective parents decided against transferring any of
them (Treff et al, 2019a). Furthermore, the choices that prospective
parents will have to make will be based on personal experiences and
the perceived disease severity at present. It is possible that diseases
considered severe currently may be easily treatable in the future. The
choice made today may not necessarily be the best one in the long
run. Parents will have to live with the knowledge that they may have
chosen the “wrong” embryo for the rest of their lives. This could po-
tentially result in decision regret and long-term psychological morbidity
as well as an altered child-parent relationship.

The harms to the offspring relate mostly to situations where either
ART or embryo biopsy are undertaken solely for the purpose of PRS-
ES. This is because should trophectoderm biopsy be required for unre-
lated reasons and PRS-ES is utilized as an ‘add-on’, the embryo and
future person are not exposed to additional risks. However, if IVF and
PRS-ES are undertaken solely for the purposes of PRS-ES, the future
person could, in one sense, be harmed by PRS if that procedure
exposes him or her to avoidable risks. For example, PGT has been as-
sociated with certain uncommon side effects in pregnancy (Makhijani
et al, 2021), which may have long-term consequences (Manna et al.,
2022). Multiple medical conditions also appear to be more prevalent
in ART-conceived individuals compared to their naturally conceived
peers (Chen and Heilbronn, 2017; von Wolff and Haaf, 2020; Luke,
2021). These include adverse perinatal outcomes (preterm birth, low
birthweight) (Schieve et al., 2004; Pinborg et al., 2013), birth defects
(minor and major malformations and imprinting disorders) (Hansen
et al., 2002; El-Chaar et al., 2009), certain rare malignancies (Kallén
et al., 2005; Williams et al., 2013) as well as, possibly, the late onset
polygenic conditions that PRS-ES is supposed to address (Ceelen et al.,
2007; al., 2008; Pontesilli et al, 2015). These risks are quite small,
likely to be in the order of 1% (Luke et al., 2020) and most patients
would accept such risk if the alternative is not to have a genetic prog-
eny. However, a future child may have an interest in PGT not being
performed (Amor et al., 2022) because it represents risks and pro-
vides no benefits. Therefore, to undertake fertility treatment for the
sole purpose of selecting an embryo that has marginally lower risk of
developing a late-onset polygenic condition appears counterproductive
and is likely to result in an overall reduced chance of a healthy life. A
similar argument can be made in relation to trophectoderm biopsy,
which itself appears to produce higher risks of adverse outcomes in an
offspring (Cimadomo et al., 2016; Zacchini et al., 2017; Tocci, 2020).
Therefore, an offspring that is born as a result of PRS-ES, where ART
is undertaken for the singular purpose of embryo selection based on
this technology, may end up having a less healthy life, compared to a
naturally conceived individual.

The issue of pleiotropy deserves special consideration. It can be de-
fined as a tendency of a single genotype to affect multiple phenotypes
(Watanabe et dl., 2019). It is not surprising that the risk of type | dia-
betes influences the risk of heart disease and stroke, as it is a recog-
nized risk factor for both. There are more complex interactions that
are well recognized, especially in the field of psychogenetics:

schizophrenia and creativity (Acar et al., 2018) or bipolar disorder and
educational attainment (Turley et al., 2021). These interactions are not
well understood and therefore it is possible that selecting for or against
one risk may inadvertently alter the risk of an entirely unexpected out-
come. The actual outcomes will not be known for decades and there-
fore the balance of outcomes cannot be easily assessed. Pleiotropy
introduces yet another level of uncertainty where the use of PRS-ES
may be either beneficial, neutral or detrimental.

Justice (social implications)

To consider the social implications of PRS-ES, one must assume that
implementation of this technology will result in a meaningful decrease
in the risk of developing polygenic conditions compared to embryo se-
lection based on an alternative criterion. As we argued above, this
cannot be easily demonstrated and considering the insurmountable
uncertainties and demonstratable logical limitations, such as the impact
of embryo sex on the PRS-ES results, overall benefit is uncertain at
best. For the sake of argument, let’s assume that the benefits outweigh
the risks on an individual level. There remain significant concerns in re-
lation to possible effects of this technology on society. Unequal access
may exacerbate pre-existing social inequalities. PRS-ES for intelligence,
educational achievement, or income echoes eugenic policies of the
past, where ‘undesirable’ traits were to be eliminated from the gene
pool. Embryo selection based on physical features, such as skin or eye
colour, height or facial features, may entrench racial stereotypes, fur-
ther increasing prejudice and exacerbating discrimination (Lézaro-
Munoz et al., 2021). Furthermore, it is possible that if this technology
becomes widespread, it may result in significant demographic altera-
tions (Bu et al., 2014), thereby decreasing population diversity, making
it less able to meet future challenges (Gyngell, 2012). Widespread
adoption of this technology may also inadvertently alter the sex ratio
at birth owing to recognized gender differences in the prevalence of
most polygenic conditions. Human sex ratios have remained remark-
ably consistent through time (I to |), and there is concern that skew-
ing the sex ratio would lead to unpredictable social consequences and
have a negative effect on the birth rate (Hesketh and Xing, 2006).

Conclusion

PRS are derived from complex statistical modelling, based on GWAS,
using SNP arrays. They are in the early stages of development and clini-
cal applications are currently limited. It has been suggested that PRS as-
sessment can be applied for embryo selection, to allow individuals and
couples to choose to have children with the theoretical least possible
chance of developing certain late-onset conditions. The same technol-
ogy can be used to select embryos based on non-disease characteristics,
such as intelligence, skin colour or height, among others. There are
well-defined criteria for the evaluation of genetic tests, which commonly
involve assessment of analytic and clinical validity, clinical utility, and its
social and ethical implications. Analytic validity of PRS-ES is currently
unproven. Clinical validity cannot be demonstrated since the test’s out-
comes will not manifest themselves for decades. Owing to limitations in-
herent in constructing PRS, it appears possible that changing
environmental influences may render PRS-ES clinically invalid. Clinical
utility is likewise highly questionable, and it is likely that the application
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of PRS-ES will not produce benefits that are meaningful. There are
risks associated with the uptake of this technology, especially if
ART and/or embryo biopsy is undertaken for the sole purpose of
PRS-ES. This risk applies to prospective parents, their offspring and
society in general. Numerous ethical concerns remain unanswered
and further research and widespread consultations are urgently re-
quired. Owing to significant uncertainty and possible harms associ-
ated with its implementation, PRS-ES should not be offered outside
of the research setting at present.
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