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ABSTRACT
The past few years have brought significant 
breakthroughs in understanding human genetics. This 
knowledge has been used to develop ’polygenic scores’ 
(or ’polygenic risk scores’) which provide probabilistic 
information about the development of polygenic 
conditions such as diabetes or schizophrenia. They are 
already being used in reproduction to select for embryos 
at lower risk of developing disease. Currently, the use 
of polygenic scores for embryo selection is subject 
to existing regulations concerning embryo testing 
and selection. Existing regulatory approaches include 
’disease- based’ models which limit embryo selection to 
avoiding disease characteristics (employed in various 
formats in Australia, the UK, Italy, Switzerland and 
France, among others), and ’laissez- faire’ or ’libertarian’ 
models, under which embryo testing and selection 
remain unregulated (as in the USA). We introduce a 
novel ’Welfarist Model’ which limits embryo selection 
according to the impact of the predicted trait on well- 
being. We compare the strengths and weaknesses of 
each model as a way of regulating polygenic scores. 
Polygenic scores create the potential for existing embryo 
selection technologies to be used to select for a wider 
range of predicted genetically influenced characteristics 
including continuous traits. Indeed, polygenic scores 
exist to predict future intelligence, and there have been 
suggestions that they will be used to make predictions 
within the normal range in the USA in embryo selection. 
We examine how these three models would apply to 
the prediction of non- disease traits such as intelligence. 
The genetics of intelligence remains controversial both 
scientifically and ethically. This paper does not attempt to 
resolve these issues. However, as with many biomedical 
advances, an effective regulatory regime must be in place 
as soon as the technology is available. If there is no 
regulation in place, then the market effectively decides 
ethical issues.

PREIMPLANTATION GENETIC DIAGNOSIS AND 
REPRODUCTION
In the late 1990s,1 the development of preimplan-
tation genetic diagnosis (or PGD) made it possible 
to test in vitro fertilised (IVF) embryos for known 
genetic diseases and select only unaffected embryos 
for implantation. Some 20 years later, it is now 
commonplace for IVF embryos to be tested for 
monogenic disorders and/or chromosomal disor-
ders such as Down syndrome.1 Moreover, testing is 
also available during non- IVF pregnancies.

Emerging technology promises further trans-
formational change. Polygenic risk scores or poly-
genic scores (PS) analyse an individual’s genome, 
aggregating thousands of genes, to estimate genetic 
tendency towards particular traits and diseases.2 

When PS are created from a large number of indi-
viduals, these can be plotted on a bell curve, to give 
results as a (more interpretable) percentile ranking. 
This process requires knowing which genes are rele-
vant for the trait of interest, and which variants of 
these genes will promote or reduce its expression.

The potential power of PS
According to the WHO, in 2016 four of the top 
five leading causes of death worldwide (and 9 of 
the top 10 in high- income countries) were non- 
communicable diseases (ischaemic heart disease, 
stroke, chronic obstructive pulmonary disease and 
dementia) with risk determined by both genetic 
and environmental factors.3 These diseases are typi-
cally polygenic, with a number of genes combining 
to confer different levels of risk on individuals, in 
combination with environmental factors. PS can be 
used to estimate the risk of developing each of these 
conditions, and, just as with monogenic disorders, 
IVF parents could select an embryo with lowest risk.

So how powerful are these tests? The develop-
ment of PS requires studying genetics and human 
traits in hundreds of thousands—or even millions—
of people. This has only become possible in recent 
years, with the development of large human genetics 
databases. These tests are limited: they can only be 
used to estimate genetic contributions to devel-
oping a condition. The heritability of each trait will 
provide the ultimate ceiling of predictive ability.

Nevertheless, for some diseases, current predic-
tive power is increasing. Most studies evaluating 
the power of PS to detect disease risk use the 
‘area under the curve’ (AUC) as a statistical test 
of efficacy. The AUC is a test which ‘describes the 
inherent validity of diagnostic tests’.4 It is presented 
as a value between 0.5 and 1.0, with 1.0 repre-
senting a perfect test, and 0.5 a test which is no 
better than chance. If a particular test has an AUC 
of 0.72, there is a 72% chance that it will be able 
to correctly identify the subject with disease when 
applied to select between one afflicted and one 
healthy participant.4 Generally, scores above 0.9 
are deemed ‘outstanding’, 0.8–0.9 is ‘excellent’ and 
0.7–0.8 is ‘acceptable’.5

One disease for which PS are providing prom-
ising results is type 1 diabetes mellitus (T1DM). 
According to a 2020 systematic review, the current 
most powerful PS for T1DM has an AUC of 0.92.6 
When detecting early- onset T1DM, this value was 
increased to 0.96.7 A genomic prediction- led study 
applied a T1DM PS to select between siblings in 
families with a known history of T1DM. When 
compared with random selection, the score 
generated a relative risk reduction (of selecting 
an affected individual) ranging from 45% (when 
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selecting between two siblings) to 72% (when selecting between 
five siblings).8 This approach mirrors the use of a PS to select 
between embryos produced by a couple with known family 
history of T1DM. If such a couple were to produce five embryos, 
the use of PGD and PS for T1DM could decrease their chance of 
having an affected child by 72%.

It is not only physical conditions which can be predicted using 
PS. Many psychological conditions have a significant genetic 
underpinning which can be quantified (to some extent) by these 
scores. The current most powerful PS for a psychiatric condition 
exists for schizophrenia, a debilitating condition characterised 
by recurrent episodes of psychosis.9 Schizophrenia is believed to 
have a heritability of 80%,10 meaning 80% of variance in popu-
lation incidence is due to genetics. Given the ultimate limit to 
the power of PS is heritability, schizophrenia’s high heritability 
makes it a good candidate for reliable prediction. There are 
models that suggest a PS for schizophrenia could reach an AUC 
of 0.82.11 One 2019 study demonstrated a 4.6- fold increase 
in the odds of having schizophrenia in the highest PS decile 
compared with the lowest (although it is worth noting given 
the baseline is low, this still leads to a relatively low incidence 
of schizophrenia).12

Studies investigating the power of schizophrenia PS have 
uncovered another interesting finding: these scores are also 
associated with other psychiatric and medical disorders. Higher 
schizophrenia PS have been found to confer increased risk of 
anxiety, mood disorders, substance use, neurological disorders, 
personality disorders, suicidal behaviours and more.12 This 
phenomenon has been attributed to pleiotropy, the concept that 
genes can have multiple different effects on function, depending 
on the environment.

The purpose of these examples is not to imply we are 
currently at a stage where we can confidently apply PS to select 
an individual embryo. As outlined in the T1DM example, the 
accuracy of PS at a population level differs from accuracy at 
a family level. Family level PS is the relevant information for 
reproductive selection. Moreover, as with the schizophrenia 
example, an increased risk may still amount to an overall low 
risk rather than a high probability. The purpose is to show 
that this is a rapidly developing technology that is already 
in use in some jurisdictions (see the Regulation and ethics of 
PGD section), and is likely to develop increased accuracy at 
the family level that will likely produce increased interest in 
accessing this technology.

Pleiotropy
This notion of pleiotropy is the driving factor behind one of 
the newest uses of PS. ‘Genomic indexing’ relies on risk for one 
condition correlating with risk for others. A series of papers 
with authors working at, or otherwise related to, the company 
Genomic Prediction argue and present data that ‘[s]everal 
achievements, including the ability to obtain accurate, genome- 
wide genotypes of the human embryo and the development of 
population- level biobanks, have now made PGT [preimplan-
tation genetic testing] for polygenic disease risk applicable in 
clinical practice.’13 The idea is that through aggregating the 
relative PS for multiple conditions, weighted based on popula-
tion prevalence and quality- adjusted life years, we can generate 
one singular score to correlate with predicted health.13 Someone 
with a lower genomic index score theoretically has a lower 
overall risk of developing a polygenic disease compared with 
someone with a higher score. When applied to a cohort of over 
11 000 matched sibling pairs, a risk reduction was detected for 

all 11 conditions included in the genomic index scorei when one 
sibling was selected via genomic index testing compared with 
random selection.14 These relative risk reductions ranged from 
4% for testicular cancer to 46.9% for heart attacks.14 (Genomic 
Prediction is listed as a conflict of interest on these papers as, 
per the Regulation and ethics of PGD section, the company is 
currently offering this testing.)

Pleiotropy has also linked apparently unrelated traits. For 
example, alongside increased risk for mental health disorders, 
schizophrenia PS have been linked to increased creativity.15 
Choosing embryos with low risk of schizophrenia might inad-
vertently sacrifice embryos with a proclivity for the creative arts. 
Similarly, evaluations of PS for intelligence have demonstrated 
that these scores are positively correlated with autism risk.16 17

The ethics of PS is more than an extension of existing ethical 
issues around selection for monogenetic disorders. It raises issues 
of uncertainty (whether in fact the future child will develop the 
disease may depend on unknown environmental interactions), 
and the choice between suites of different risks and benefits. 
This paper does not address all of these issues.

Regulation and ethics of PGD
PS are already in use. Just over 3 years ago, the company 
Genomic Prediction was formed. This New Jersey- based 
company currently offers PGD for both monogenic and poly-
genic conditions to consumers to ‘provide improved health to 
IVF families’.18 Their polygenic tests can be used to select against 
risk for a variety of child and adult- onset disorders including 
diabetes (types 1 and 2), schizophrenia, coronary artery disease, 
breast cancer, intellectual disability (ID), idiopathic short stature 
and more.18 Due to a liberal approach to regulation for assisted 
reproductive technologies (ARTs) in the USA, this technology 
can be accessed by any paying customer.19 Outside the USA, 
the more common regulatory model is disease- based, allowing 
selection against certain specified genetic diseases only. Disease- 
based models exist in various formats in Australia, the UK, Italy, 
Switzerland and France among others.20 21 As we shall see, many 
of these models are formulated in such a way as to be essen-
tially inapplicable to testing for polygenic traits, (e.g., through 
requiring demonstration of genetic risk in order to access preim-
plantation testing) leading to uncertainty and potential inconsis-
tencies between service providers.

PS for non-disease traits
PS do not only provide probability estimates of developing 
common polygenic diseases, they can in principle provide 
probability estimates for continuous non- disease traits such as 
height, impulse control, personality type or intelligence where 
the prediction is not whether a specific disease will develop, 
but where individuals are projected to fall on a spectrum. The 
most data currently exist for predictions of intelligence because 
it is continuous with the disorder ID. We will focus on this as 
an example of non- disease trait but our arguments apply to all 
continuous non- disease traits.

Indeed, consumers can already access their personal genetic 
data relating to some non- disease traits. Gene- sequencing 
companies such as Geneplaza and DNA Land have recently 
added an intelligence PS to the list of genetic information they 
offer customers.22 Indeed, Genomic Prediction currently offers 

i Basal cell carcinoma, breast cancer, malignant melanoma, pros-
tate cancer, testicular cancer, coronary artery disease, heart 
attack, hypercholesterolaemia, hypertension, type 1 diabetes 
and type 2 diabetes.
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embryo testing for ID using this technology (though this test actu-
ally includes detecting predicted IQ in the low–normal range (it 
selects against predicted IQ below 75, while the current cut- off 
for ID is 70).18 23 24 The company currently would not screen for 
embryos predicted to have genetic potential for above- normal 
intelligence, however this is technically possible. Given the lack 
of PGD regulation in the USA, co- founder Stephen Hsu believes 
the public will demand this, and if his company does not offer 
it, another will.25

In the case of intelligence, uncovering significant genes has 
proved challenging, and thus the predictive power of PS is rela-
tively weak.2 Intelligence is a highly polygenic trait—it is due 
to the cumulative (and possibly interactive) effects of thousands 
of genes and the environment. Twin and adoption studies have 
estimated that the heritability of intelligence is approximately 
50%,ii meaning the population variance in intelligence is 50% 
attributable to genetic differences.26 This 50% therefore sets the 
ceiling of predictive ability for PS.

Within that 50%, predictive ability remains challenging: with 
so many genes contributing to a single trait, each individual gene 
has a minuscule effect (possibly accounting for only approxi-
mately 0.005% of variance). Detecting these effects is possible 
by comparing genetic information and IQ scores of research 
participants, but it requires colossal sample sizes.

Moreover, there are difficulties in accurately assessing intelli-
gence as distinct from education or test- training.27 Indeed, the 
most powerful PS have been developed from studies which use 
educational attainment (EA) (years of education completed) as a 
proxy for intelligence, as they are able to reach far greater sample 
sizes.2 These studies can predict both EA and general intelligence 
as measured by IQ scores, although their predictive ability is 
slightly better for EA. The current best intelligence predictor is 
a PS developed from a 2018 study involving 1.1 million partic-
ipants.28 This score can account for 11%–13% of variance in 
EA, and 7%–10% of variance in intelligence measured as an IQ 
score.

It is postulated that as sample sizes continue to increase, the 
predictive ability of new PS will increase. However, there is an 
upper limit. The proportion of intelligence variance believed to 
be due to common genetic (single- nucleotide polymorphism) 
differences is 25%.2 To get from this 25% to accounting for the 
current estimate of 50% heritability of intelligence will require 
other methods, such as whole genome sequencing and inves-
tigating gene interactions.2 The feasibility of ever accounting 
for this ‘missing heritability’ has been questioned due to the 
complexity of gene- environment interactions and limitations of 
human research methods.29 Only time will tell what is ultimately 
possible in this realm.

Nevertheless, current PS already offer some probabilistic 
information. When participants from the 2018 study were 
split into PS quintiles, the disparity in college completion rate 
between top and bottom quintiles was around 40%.28 This PS is 
more predictive of college completion than household income. 
However, the lacunae in our understanding of the nature of the 
correlations remain problematic.30

For example, Peter Donnelly cautions: ‘Risk scores for IQ are 
very hard to interpret and hard to transfer between different 
countries and different ethnic groups. They’ll be capturing a 

ii In fact, the heritability of intelligence increases as we age, from 
around 20% in infancy to as high as 80% in late adulthood. 
This is believed to be due to ‘genetic amplification’ according 
to which children (and adults) modify and select their environ-
ments in line with their genetic propensities.64

lot of stuff that isn’t just fundamental biology, maybe genetic 
markers correlated with ethnicity or where people live.’31

Before PS can be used to predict intelligence, we will need 
not only correlation but plausible causal mechanism. We will 
consider other objections related to different forms of injustice 
presently.

Even if we did identify the genes that relate to intelligence 
rather than irrelevant correlates, these scores are inherently 
probabilistic. While they can provide reliable prediction when 
applied to populations, they are by no means deterministic for 
individuals. Some have labelled them ‘premature’23 and even 
‘next to worthless’.32 Given the nature of intelligence and the 
complex factors which contribute to it, we will never be able to 
make a definite prediction based on genetics alone.

It is essential that further research determines the utility of 
PS for predicting non- disease traits because these traits will 
border with diseases traits, for example, the psychological trait 
of ‘psychoticism’ or hardheadedness blends with psychopathy, 
low intelligence blends into ID when IQ crosses from 71 to 69. 
If they are not validly predictive, they should not be used. But if 
they are predictive to a reasonable degree, the question arises: 
how do existing models of regulation in reproduction apply to 
them and how should they apply to them? We will not answer 
the last question but pose a novel model that has some advan-
tages in dealing with PS in reproduction.

EXISTING REGULATORY MODELS
Disease Model
Probably the most popular model of PGD regulation can be 
called the Disease Model. This model allows the use of PGD 
to select against embryos with disease traits, but not desired 
characteristics in what would be considered normal embryos. 
Countries which have adopted this model in one form or other 
include the UK, Australia, Italy, France and Switzerland among 
others.20 21 We will look at a couple of these in more detail as 
examples.

The UK’s approach to the model involves the generation of a 
comprehensive list of specific conditions approved for PGD use. 
This list is released by the Human Fertilisation and Embryology 
Authority (HFEA), and conditions are only included provided 
the authority is satisfied that embryo testing is carried out only 
where there is a ‘significant risk’ that a child born with the 
condition in question would have or could develop a ‘serious’ 
medical condition.’33 Tests involving PS do not currently appear 
on this list, and indeed will not unless the HFEA is satisfied that 
they measure a real and significant risk of developing a harmful 
condition.

A similar model exists in Australia, but in a different format. 
Instead of a list of permissible conditions, national guidelines 
recommend that PGD only be used to select against genetic 
conditions which ‘severely limit quality of life’.21 The guidelines 
must be followed to gain the accreditation required to offer ART 
services in Australia, and to receive government funding.21 It 
is left to service providers to judge which conditions meet the 
guideline criteria.

State legislation regarding PGD exists in Victoria, Western 
Australia and South Australia.21 The relevant acts differ in the 
specifics, but the result of each is very similar. Ultimately, access 
to PGD in these states requires medical demonstration that a 
couple is at risk of transmitting a genetic disorder.

This legislation is ill- suited for direct application to PS. For 
example, it is unclear whether the increased risk of developing 
a disorder in certain environments or much later in life, would 
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be eligible. In the case of AUC, what level of uncertainty in our 
predictive ability can be tolerated within ‘significant risk’?

PS for continuous non- disease traits such as intelligence would 
not be allowed. However, there is provision to select against a 
number of conditions known to cause ID. If selecting against 
embryos with ID is an acceptable use of PS, then as polygenic 
tests become more widespread, accessible and reliable, it may 
be permissible under a Disease Model to use them to predict ID, 
provided they generate sufficient certainty of a ‘significant’ risk.

ID is currently defined as an IQ score of 70 or below, being 
2 SDs below the mean of 100.24 Given this definition, ‘disease- 
based’ guidelines could be interpreted as permitting selection if 
IQ is expected to be 70 or below. However, it is not at all clear 
that this statistical distinction relates to a point of significant 
diminution in well- being or quality of life.34 Currently, disease- 
based models are not well adapted to testing for continuous 
traits, even though they do make provision for genetic disorders 
where the quality of life outcome is based on expected effects on 
those same traits.

A second development is increased use of IVF, leading to 
greater opportunity for both primary and secondary reproduc-
tive genetic testing.

Primary testing is the use of IVF and PGD for the purpose of 
selecting an embryo with a lower probability of disease. Initially 
this was limited to a handful of severe genetic disorders, like 
thalassaemia or Huntington disease, where prospective parents 
were known carriers. Given the burden on parents and the risk 
to the embryo, this was limited to the riskiest disorders. But the 
scope of IVF and PGD has significantly increased: 1 in 25 Austra-
lian births in 2018 were from IVF pregnancies,35 and in 2019, 
a form of preimplantation genetic testing was performed in 
9.16% of IVF cycles.36 Furthermore, accessing whole genome or 
exome information has become significantly cheaper. Secondary 
testing is accessing genomic information secondary to PGD 
being performed for other reasons (eg, aneuploidy, single gene 
disorders, assessing embryo viability and so on). Such accessing 
of genomic information does not impose additional risks on the 
embryo as PGD is otherwise being performed in any case. It is 
not clear why secondary genomic testing for lower probability 
disease conditions should be banned.

For example, imagine IVF is being performed for infertility, 
including genomic testing of 10 embryos as part of the process 
in order to exclude catastrophic conditions. As it happens, they 
are all healthy. A genomic index could be derived to select the 
embryo with the lowest risk of common conditions.

In this way, testing for low- risk conditions as a part of at least 
secondary genetic testing could be justified. The alternative is 
applying exactly the same processes and risks, but picking an 
embryo at random.

Disease- based models have been effective in the past, as 
embryo testing was limited to known genetic disorders, in which 
a particular DNA pattern inevitably leads to significant disability 
and/or a high likelihood of suffering in the future child (such 
as Down syndrome or cystic fibrosis: although there are also 
some who argue that in fact these are also poor predictors of a 
low quality of life.37) The introduction of polygenic tests poses 
a further challenge to the disease- based model as it requires that 
we determine cut- offs for defining ‘significant risk’, ‘low quality 
of life’ and ‘disease’ in continuous traits such as intelligence.

Libertarian Model
A more libertarian or laissez- faire approach to PGD exists in 
the USA, where there are no regulations concerning PGD, or 
funding for its use.19 Service providers can offer PGD at their 

discretion for any testable condition.19 Current professional 
guidelines simply recommend that decisions be left to clinicians, 
thus not providing further regulation.19 Consequently, PGD 
practice is governed by individual clinician decisions and market 
forces. Let’s call this the Libertarian Model.

The Libertarian Model allows selection for any disease or non- 
disease trait, regardless of its severity or the predictive power 
of the test. There would be no regulatory obstacle to Genomic 
Prediction offering PS for higher intelligence in embryo selec-
tion, and no barrier to clinicians using it either in primary or 
secondary testing.

Underlying this approach is philosophy such as Mill’s harm 
principle: ‘the only purpose for which power can be rightfully 
exercised over a member of a civilised community, against his 
will, is to prevent harm to others.’38 Yet classification of PGD 
as self- affecting or other- affecting is difficult.39 PGD certainly 
affects parents who adopt it, but does it affect their resultant 
children? As argued by one of us (JS), selection can only harm 
and wrong the individual selected if the condition resulting is 
so severe as to make life not worth living, because without this 
selection they would not have come to exist.40 This model allows 
the deliberate selection of embryos with genes linked to disabil-
ities such as deafness, while the Disease Model forbids it (in the 
case of the UK, it is explicitly forbidden in legislation).

Nevertheless, there are several social concerns with the Liber-
tarian Model:

 ► In the current American model, PGD is expensive (and in 
many other countries it is more readily available in private 
rather than public healthcare), and thus only a feasible 
option for the wealthy. This generates significant concerns 
about equality. As put by Peter Singer, ‘the present genera-
tion of wealthy people will have the opportunity to embed 
their advantages in the genes of their offspring’.41

 ► It is likely to reduce diversity and could be taken to imply 
lower value of those who have the selected- against traits.42

 ► This model gives undue power to individuals or compa-
nies in making significant reproductive decisions with no 
requirement for ethical input.

 ► Service providers are financially motivated, meaning ethical 
concerns may be disregarded in the face of monetary 
incentives.

 ► There is no regulation of service delivery and counselling, 
potentially putting consumers at risk of being subject to 
misinformation (particularly regarding the reliability of the 
test) and leading to harmful unrealistic parental expectations.

THE WELFARIST MODEL
What is the Welfarist Model?
We now propose a novel alternative model for the regulation 
of genomic testing in reproduction: the Welfarist Model. This 
model allows selection for any trait which is associated with 
well- being, or selection against a trait which reduces well- being. 
Well- being is broader than health or disease. Of course, what is 
a good life (or well- being) is much contested. It is beyond the 
scope of this paper to settle what constitutes well- being, though 
one of us has discussed it elsewhere.34 43 There are three major 
philosophical accounts of well- being: Hedonistic Theories, 
Desire Fulfilment Theories and Objective List Theories.44

According to the Welfarist Model, the use of PS should be 
allowed if they are correlated with a greater chance of a life with 
more well- being. This requires a philosophical and ethical anal-
ysis of what constitutes well- being and a scientific analysis of the 
correlation between a PS and that outcome.
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There are two versions of such a model. A scalar version would 
allow any test which reliably tracked a greater chance of greater 
well- being. A threshold version would allow testing if there were 
a reliable sufficient increase in expected welfare, where expected 
welfare is the probability of a welfare enhancement multiplied 
by the magnitude of that enhancement. A threshold version is 
closer to the current Disease Model and is more likely to be 
socially acceptable. We will assume a threshold version.

The Welfarist Model can more easily accommodate polygenic 
risk scores for disease: if the probability is sufficiently high, 
then the test could be used. The bar could be set lower than 
at present: for example, a statistically significant increase might 
be sufficient. Issues of pleiotropy would need to be addressed 
where this is an issue.

A Welfarist Model also has greater capacity to address non- 
disease states or continuous variables such as intelligence. What 
matters is whether the non- disease state is correlated or not with 
well- being. In this way, the Welfare Model would be similar to 
the Disease Model in that it would allow for selection against 
low IQ up to a certain threshold, however it differs in the way 
this threshold is determined. While the current cut- off is purely 
statistical in the Disease Model, the Welfarist Model instead 
defines a cut- off based on expected well- being.

To illustrate using the example of PS for intelligence, the 
current definition of ID uses a statistical concept of normality 
to define ‘disability’ (IQ <70). There is some evidence that indi-
viduals who fall in the low–normal range (70–85) still struggle 
with many elements of daily life, but are often ineligible for 
supportive resources without a diagnosis of ID.45 The Welfarist 
Model could allow polygenic testing to predict IQ less than 85, 
rather than 70, if the obstacles to well- being of having low–
normal IQ were significant enough.

Does intelligence relate to well-being?
This question would have to be answered before polygenic 
testing for low–normal IQ would be permitted on the Welfarist 
Model. There is little value in intelligence if all it translates to 
is a higher score on an IQ test. There is some evidence that IQ 
level is positively correlated with socioeconomic status, income, 
EA, health and even decreased mortality rate by middle age, 
which may be seen as objective measures of a good life.28 46–48 
An IQ of 75–80 has been identified as the current threshold for 
employability, meaning even those in the low–normal IQ range 
(IQ of 70–85) face significant difficulties.49 Studies assessing 
subjective well- being have also found that people with higher 
IQ levels tend to rate their lives as being happier than their less 
intelligent counterparts.50 However, these results are contested 
and were highly mediated by income, health and independence 
among other factors. IQ seems to largely influence happiness 
through its impact on these other factors, rather than providing 
a direct cause: therefore, social change to divorce these factors 
from intelligence would resolve the issue. Such issues would 
need to be resolved by further research. On a Welfarist Model, 
if well- being is not inextricably linked to intelligence (i.e., if it is 
only linked through changeable social structures), then it would 
no longer be a relevant part of reproductive selection.

Generating a threshold?
It may be simple to say that certain genetic disorders impact 
welfare, but it is far more challenging to set a threshold of 
acceptable well- being for continuous traits such as intelligence.

While there may be a positive correlation between intelligence 
and well- being, this link seems to exist primarily through the 
impact of IQ on other life outcomes such as health, income, 

occupation and socioeconomic status. Of course, the link 
between the outcome and IQ is mediated by social structures 
and policies that can enhance such inequalities in outcomes or 
minimise them, and there is therefore reason to believe that such 
differences could be reduced. However, these outcomes present 
a starting point for determining a well- being- based IQ cut- off. 
Many of these factors are themselves continuous, meaning 
drawing a line of ‘well- being’ which is not arbitrary or statistical 
is fraught. In research into the genetics of intelligence, researchers 
have used a proxy which is itself of value: high school comple-
tion. The prediction of such an outcome could be used if there 
were a robust genetic contribution in addition to social contri-
bution. Education is recognised as a fundamental human right 
under the United Nations’ universal declaration of human rights, 
highlighting its importance for well- being.51 A PS linked to high 
school completion—although still arbitrary—at least has some 
relevance for well- being rather than simply a statistical devia-
tion from the norm. Completing secondary school increases 
opportunities through facilitating higher education and access to 
fulfilling jobs. Those who drop out are more likely to be unem-
ployed, live in poverty, commit crimes and even die earlier.52 A 
2007 study demonstrated that ‘education is one of the strongest 
predictors of health’.53 The authors even proposed that high 
school dropout should be recognised as a public health issue.

The current most powerful PS can predict 7%–10% of intel-
ligence variance, but 11%–13% of variance in EA.28 This PS 
is better at predicting EA than intelligence as measured by IQ 
scores. If we sought to generate a PS threshold (rather than a 
direct IQ threshold), there would be a significant benefit to using 
EA—we could adopt the PS correlating with the EA outcome 
(secondary school completion) as a threshold, which would 
increase the reliability of the test.

There is one significant caveat. As mentioned above, one 
possible reason for the discrepancy is that PS identifies genetic 
correlates that are unrelated to intelligence. These may be 
completely unrelated, or it could indicate that it selects for other 
non- intelligence factors which aid in advancing education.iii Plau-
sible factors include conscientiousness or interest in academia. 
Selection of irrelevant traits is clearly a catastrophic failure, but 
selection for other relevant traits may be considered a drawback 
or a strength of the score, depending on whether or not it is 
desirable in terms of well- being to select for these factors. As 
stated above, significant advances in our current understanding 
would be needed to exclude catastrophic potential failures such 
as this which would render the scores useless.

Funding options
One factor which must be considered in proposing the Welfarist 
Model is funding. There is much concern that if we allow any 
form of selection for intelligence it will be only accessible to 
the wealthy, thus compounding their cognitive and economic 
advantages over others. The provision of universal funding for 
the Welfarist Model may be the only way to entirely elude social 
justice concerns, however such a model raises questions about 
opportunity cost. If this scheme will lead to greater suffering 
in other sectors without providing overwhelming benefits, it 
cannot be justified. Accordingly, public funding for PGD in line 
with the Welfare Model will only be defensible if:
1. It is cost- effective: to justify the use of public money, funding 

for the test should be a cost- effective measure. This includes 

iii This is inherent to the score itself (due to its method of devel-
opment), and not only when applied to predicted educational 
attainment.
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first that the test will be reliable (provide meaningful predic-
tion) and second that there will be an adequate prevalence 
of low PS for the test to detect—if the test rarely identifies 
embryos with a score below the threshold level, it is unlikely 
to be cost- effective. Finally, it will require that this is the best 
use of these funds and that other measures are not more ef-
fective at increasing well- being.

2. It is generalisable: the test in its current state is most effec-
tive in populations of European ancestry due to the databases 
used in its development. When applied to other populations, 
its predictive value is significantly diminished.28 As such, 
benefits from the test may be disproportionately high in Eu-
ropean populations. Given the current nature of society in 
which people of European ancestry tend to face far fewer 
barriers than those of other races, it would be wrong to fur-
ther their advantage by funding a test which accords them 
additional benefits over others.

3. It provides welfare- relevant benefits: benefits associated with 
creating children with enough opportunity for a flourishing 
life (well- being) are undeniable, but the weight of these ben-
efits may be questioned due to their impersonal nature.iv

There would clearly need to be significant progress in PS tech-
nology before this could be considered. In addition, it is unlikely 
to be cost- effective to offer IVF and PGD solely for the purpose 
of polygenic testing. However, it may be cost- effective to add 
such testing for couples otherwise undergoing IVF and PGD, 
that is, secondary testing. The cost- effectiveness of funding 
PGD against known genetic disorders is well- established.54 
For couples already undergoing PGD, the additional cost of 
providing the polygenic test would not be excessive. What is 
more, after selecting out those with genetic disorders, couples 
are likely to be left with multiple embryos to select between for 
implantation. In such situations, since a choice must be made 
between embryos, using welfare- relevant information derived 
from PS appears better than purely relying on chance.

OBJECTIONS TO THE WELFARIST MODEL
The Welfarist Model provides a regulatory framework which over-
comes some concerns with existing models. On top of creating a 
more meaningful threshold for selection, it is applicable to both 
discrete (eg, single gene disorders) and polygenic conditions, it 
provides improved clarity regarding the permissibility of testing and 
offers access to the benefits of selection for intelligence. However, it 
also raises a number of foreseeable objections.

Unreliability
One major concern about this technology in relation to the 
example of predicting intelligence is that current PS can only 
account for 10% of variance.28 That may be an overestimate. 
Those with low PS can achieve highly, while those with high 
scores would not necessarily be smarter than average.23 While 
the technology is not yet mature, it may not need to be unreal-
istically perfect. Provided prospective parents are well informed 
about its limitations (which is, admittedly, a big ‘if ’), a test that can 
identify a significant risk of a score that predicts a low well- being 
outcome would be equivalent to some disorder probabilistically 

iv Selected children do not personally benefit from increased 
intelligence, as it is a condition of their existence. Benefits are 
impersonal in the sense that they impact the world as a whole, 
rather than individuals. Presumably, a world with less suffering 
is an inherently better world even if no individuals are person-
ally impacted. This concept was first described by Derek Parfit, 
and is called the ‘non- identity problem’.65

identified by the Disease Model. Indeed, the problem of unre-
liability applies equally to the Disease and Libertarian Models.

The important question is not the current value of the tech-
nology: it is clearly not currently useful. Given recent rapid 
progress in this field it is likely that PS reliability will continue 
to increase substantially in the future. We ought to consider how 
these tests might be regulated so that there is a well thought- out 
framework in place.

Eugenics
‘Eugenics’ literally means ‘well born’ and applies to a wide range 
of practices aimed at influencing the genetic make- up of the 
next generation. It is typically understood today in a pejorative 
sense to be the intentional attempt to bring about a healthier or 
‘better’ population,55 especially by coercion or limiting options 
available, especially when there is state involvement56 in this by 
coercion or limitation of options.57

There have been two major evils brought about through poli-
cies based on eugenic principles: first, an implication that there 
is less value in the lives of individuals of lower health or well- 
being; and second, the involuntary imposition of such policies 
on reproductive decision- making. Eugenics has been used to 
justify horrific acts. In the early 1900s, America, Scandinavia, 
Nazi Germany and other European countries pursued eugenic 
goals in various ways, including the murder and involuntary ster-
ilisation of those deemed ‘unfit to reproduce’ due to low IQ, 
disability, mental illness, alcoholism, unemployment, criminality, 
race, religion or poverty.57 This ideology culminated in the holo-
caust, in which the Nazis murdered millions of Jewish people 
and other groups they considered to be ‘unworthy of life’.58

Modern clinical genetics (and the current Disease Model) 
aims at using genetic knowledge to enable couples to have the 
free choice to select an embryo free of genetic disorders that 
have a significant effect on the predicted quality of life of the 
resulting child. In the broad general sense, it is eugenic but it is 
not eugenic in the pejorative sense of aiming at ‘improving’ the 
population, especially through the use of coercion. In this sense, 
the Welfarist approach is merely an extension of the Disease 
Model. It is eugenic in the same general sense as the current 
Disease Model, because it results in selection based on genetic 
information, but not in the pejorative sense. There is no broad 
social goal or coercion employed.

Health and well- being are reasonable goals for society to 
aim for in terms of its general policies—there are many health 
and education measures in place aiming to improve the health 
and prospects of children. Currently, society does support poli-
cies that do allow parents to select against certain conditions. 
For example, PGD to select against genetic conditions which 
contribute to ID, such as Down syndrome or Fragile X syndrome, 
are common and are even publicly funded, implying not only 
assent, but active support for allowing prospective parents to 
select against these conditions. Selection on the basis of a PS, if it 
is well correlated and causally linked to a welfare threshold with 
important bearing on the future child’s well- being is ethically 
equivalent to these. Indeed, allowing selection on the basis of 
only some genetic conditions may be discriminatory.

It would be consistent with an anti- eugenic stance to reject 
all forms of selection. But if we accept a Disease Model, then a 
Welfarist Model is not more eugenic. Instead, it focuses attention on 
factors that are likely to affect the child’s well- being, instead of on 
certain genes that have been designated as disease- causing. Indeed, 
the objection from eugenics applies equally to the Disease Model 
and the Libertarian Model (sometimes called ‘Liberal Eugenics’).
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As with the current Disease and Libertarian Models, there 
should be no governmental interference in reproductive decision- 
making. Prospective parents should be free to adopt or reject 
the technology as they wish, just as they can in the Disease or 
Libertarian Models. This is in line with modern genetics which 
focuses on providing information and opportunity, eschewing 
coercion. The only difference in moving to a Welfarist Model 
from the Disease Model is the focus on well- being, rather than 
statistical deviation from the mean. This is consistent with the 
WHO definition of health as ‘complete physical, mental and 
social well- being.’59

Parent–child relationships
There are fears that allowing parents to select children based on 
genetic traits will negatively impact parent–child relationships. 
Eminent critic Michael Sandel is afraid that this technology 
‘threatens to banish our appreciation of life as a gift’, and that 
it portrays an attitude towards children which is not conducive 
to good parenting.60 This concern may in fact be more fitting 
in cases of gene editing, rather than genetic selection. Children 
born following selection decisions still have a unique and uncon-
trolled set of genes. This pattern of DNA, be it due to chance, 
fate, God or something else, is free from human influence. 
Parents have chosen to bring this particular child into existence, 
however, whichever genetic traits they happen to possess have 
not been altered. In this way selection is importantly different 
from gene editing, in which parents alter pre- existing genetics. 
In the case of genetic modification, a child could rightfully 
complain about the enhancement; in the case of selection, they 
could not.

A further concern is that of ‘hyperparenting’. Hyperparenting 
occurs when parents limit a child’s freedom due to a desire for 
them to achieve, for example, through obliging them to study, 
practise music or train for sports excessively against their will. 
There is little doubt that hyperparenting can violate a child’s 
autonomy and impede well- being, however there is no necessary 
or inevitable link between genetic selection and hyperparenting. 
Hyperparenting is bad parenting and it occurs without polygenic 
testing. While parents with a tendency to hyperparent may be 
likely to be interested in ‘designer children’, these parents are 
likely to hyperparent regardless of the method of procreation.61 
Hyperparenting certainly restricts autonomy, and is something 
we ought to eradicate, but allowing selection using PS does not 
undermine autonomy.

Entrenches unjust discrimination
The Welfarist Model and the principles behind it have the poten-
tial to be extended to other traits. While many of these—such 
as impulse control, concentration ability and memory—may be 
appropriate, an emphasis on welfare rather than ‘normality’ or 
‘health’ may lead to more harmful applications. Notably, factors 
such as race, sex and gender could be said to diminish expected 
well- being due to prejudice and discrimination.31 A repugnant 
implication of the Welfarist approach could therefore be to 
support selection against these characteristics.

Employment of PS for intelligence or EA may entrench 
discrimination in another important way. Much of the disad-
vantage and adverse effect on well- being of having a lower 
IQ is due to structural injustice and the way society’s institu-
tions are organised. In addition, there is a large and important 
literature on how IQ testing, and the project of finding genetic 
contribution to intelligence, can never be ‘socially neutral’, but 
instead supports the status quo, and instead of being separable 
from its racist and sexist history and influences, has the goal of 

legitimising social hierarchies built into it.62 Moreover, science 
is never separate from society. Ensuring association between PS 
and IQ or EA is not the result of structural injustice, rather than 
genes may not be achievable, given the nature of PS research and 
the inability to extract subjects from the pervasive environment. 
By using such scores, we may be perpetuating this fallacy and 
injustice.

In short, some argue that rather than looking for associations 
between genes and intelligence, or using PS in reproduction, 
we should be correcting structural injustice and the social/envi-
ronmental determinants of disease and disadvantage. That will 
better promote well- being.

These concerns are clearly valid. We should be aiming to 
correct social injustice. However, biology and genetics do play 
some role in the development of our individual traits, and these 
traits have some bearing on how well our lives go under almost 
any social conditions. The project of understanding this role, 
although pursued with greater humility and self- awareness, is 
not in opposition to social change.

Moreover, such objections apply equally well to the existing 
Disease and Libertarian Models, or indeed are more adequately 
addressed by a Welfarist Model. For example, much disease is the 
result of social injustice, not genetic disposition. It may equally 
be objected that any disadvantage that accrues to being intellec-
tually disabled (IQ <70) is the result of injustice and the way 
society is organised. Indeed, some people with and parents of 
children with Down syndrome (for example) argue that the lives 
of those with Down syndrome afford equivalent well- being to 
those without ID. On the Welfarist Model, this argument would 
mean there would be no reason to screen to select against Down 
syndrome, but it would not change the status quo on the Disease 
Model. On a Libertarian Model, parents are free to select against 
or in favour of disability, according to their own beliefs.

Insofar as objections from social injustice do apply to the 
Welfarist Model, they will also apply to the Disease Model. The 
Libertarian Model is more immune to this objection because 
parents can select in favour of disease or disability. However, 
given that in the current prevailing culture, most parents are 
likely to select against these, in practice the Libertarian Model is 
likely to perpetuate injustice.

The Welfare Model should only be applied to select against 
characteristics which are likely to lead to a below threshold level 
of well- being, even under conditions of justice.34 In the absence 
of this proviso, untrammelled application of the model could 
generate significant harms by reducing diversity and denor-
malising traits which are the basis of unwarranted discrimina-
tion, and which are appropriately addressed by social means 
(combating prejudice and discrimination), or by perpetuating 
social injustice. Nevertheless, diversity itself is not intrinsically 
valuable. Peter Singer highlighted this with the example of life 
expectancy, for which greater diversity requires more people 
dying younger.41 However, we have much to lose by eliminating 
diversity in race, sex, sexuality and other traits that are only 
connected to well- being through injustice.

Why limit enhancement?
If we accept that reproductive selection for cognitive ability is 
permissible, then why not disregard the threshold entirely and 
select the embryo with the highest PS? Why not move from the 
threshold to the scalar version of the Welfarist Model?

The Welfarist Model is intended to address the ‘arbitrary line’ 
problem of the current disease- based model. Where traits are 
continuous, it replaces a standard deviation- based concept of 
‘disease’ and ‘normality’ with one of ‘disadvantage’. Welfare is 
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a better standard because it addresses what matters to the future 
child. Nevertheless, welfare is necessarily broad. It is depen-
dent on environment and on a range of factors, with cognitive 
ability only being one. It remains unknowable what exact range 
of genetic attributes, environment and experiences lead to the 
greatest welfare. For that reason, addressing only a range where 
there is strong evidence that a score is highly likely to directly 
lead to a significantly lower welfare outcome is proposed.

Expressivist concerns
The ‘expressivist critique’ is one of the most common argu-
ments against the use of PGD in any setting, including against 
the Disease Model. The argument holds that through selecting 
only non- disabled (and in this case non- disadvantaged) embryos 
for implantation, we are expressing a view that disabled people 
‘should not have been born’ and are less valuable than non- 
disabled people.42 This objection applies equally to the existing 
Disease Model as it does to the Welfarist Model.

One way to counter the expressivist critique is to consider 
PGD as a preventative health measure.63 It seems illogical to say 
that preventing an illness (e.g., by vaccination) is disrespectful to 
its sufferers. We do not consider it impermissible for women to 
take folic acid during pregnancy to prevent neural tube defects; 
in fact, this is strongly encouraged. This does not mean that 
people with neural tube defects or vaccine- preventable illnesses 
are of lesser value. The moral value of a life is distinct from the 
quality of that life.61

In cases of selection however, we necessarily conflate the 
disability with the embryo, as we cannot (yet) select the embryo 
without also selecting its disability. This still does not make selec-
tion wrong. For one thing, selecting one embryo over another 
cannot be seen to harm either embryo or future child (unless 
we are to select an embryo which has a genetic disorder that 
will lead to the future child having such poor quality of life that 
their life is not worth living). The embryo who is not selected 
never comes to existence as a person, and therefore cannot 
claim to have been harmed. Moreover, embryos are not people. 
Presumably then, the relevant harms here are experienced by 
existing people, who are affected by the act of discrimination 
against future people with their disabilities. However, how we 
value and treat people is independent of how we treat embryos. 
Embryos must be destroyed by law in some Australian states (eg, 
Victoria)—people must not be killed. Parents adopting PGD are 
not doing so because they believe disabled people lack moral 
value, any more than parents seeking to avoid asthma in their 
children are expressing a negative view of asthmatics. It is far 
more likely that they are simply acting to secure what they see as 
the best possible life for their future child.42 In the end, parents 
should (and generally do) love and accept the child they have, 
whatever genetics or fortune the child experiences.

Finally, this model does not mandate that parents adopt this, 
or any other, genetic test to select their children. Couples are free 
to reject the technology, or ignore information gleaned from the 
test when making reproductive decisions. Through permitting 
the use of PGD for genetic disorders, we have already accepted 
that parents have the right to select against genetic traits in their 
offspring. Extending the model from health to well- being, to 
select against disadvantage as well as disease, is a reasonable step.

CONCLUSION
PS may possibly revolutionise genomic selection in reproduc-
tion. Regulation developed 40 years ago needs to evolve. We 
should consider moving from a Disease to Welfarist Model. A 

Welfarist Model is better placed to deal with the probabilistic 
nature of information provided by PS and is able to address the 
issue of testing for polygenic contributions that lead to spectrum 
rather than binary outcomes.

The introduction of a Welfarist Model requires significant 
further work. It requires settling on a conception of well- being. 
But this surely is among the most urgent tasks for society and 
individuals. It is what should guide our education, social welfare 
and legal institutions. As for individuals, it is what constitutes a 
good life. These tasks are philosophical and ethical.

It also requires more scientific research to establish the genetic 
contribution to well- being under conditions of social justice. 
This requires not merely statistical correlation but understanding 
causal mechanism to avoid irrelevant correlations. It requires 
careful consideration of the extent to which injustice and other 
differences in environment play a role in outcomes.

The Welfarist Model offers a regulatory framework which 
addresses major concerns generated by existing models. It is 
ethically justifiable, feasible, applicable to polygenic tests, and 
even seems to reflect principles underlying current regulation. 
Additionally, the use of an outcome- based threshold rather than 
a statistical one ensures wide normative benefits.

Nevertheless, the Welfarist Model is one model among several. 
What is most important is that we give adequate thought to the 
regulation of this new technology—underestimating its impor-
tance could prove catastrophic. Further research into the reli-
ability of PS, likely future impacts of selection for non- disease 
states, and public opinion on various policies would be valuable 
in progressing thought and action in this area. We may only have 
one chance to shape the impact of novel technologies; we must 
seize this opportunity and work towards improving lives and 
achieving a fair and just society.

Acknowledgements Professor Robert Sparrow, Monash Bioethics Centre, Faculty 
of Arts, Monash University, For guidance and feedback on the initial manuscript. 
Doctor Hannah Maslen, Oxford Uehiro Centre for Practical Ethics, University of 
Oxford, For guidance and feedback on the initial manuscript.

Contributors JS and SM conceived and refined the idea through discussion. 
SM wrote the initial manuscript which was then edited by JS to produce the final 
manuscript. Both JS and SM approved the final manuscript.

Funding This study was funded by Murdoch Children’s Research Institute, Victorian 
Government’s Operational Infrastructure Support Program and Wellcome trust: 
104848/Z/14/Z and 203132/Z/16/Z.

Competing interests JS is a Partner Investigator on an Australian Research 
Council Linkage Award (LP190100841, Oct 2020- 2023) which involves industry 
partnership from Illumina. He does not personally receive any funds from Illumina.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iDs
Sarah Munday http:// orcid. org/ 0000- 0003- 0490- 8334
Julian Savulescu http:// orcid. org/ 0000- 0003- 1691- 6403

REFERENCES
 1 Parikh FR, Athalye AS, Naik NJ, et al. Preimplantation genetic testing: its evolution, 

where are we today? J Hum Reprod Sci 2018;11(4):306–14.
 2 Plomin R, von Stumm S. The new genetics of intelligence. Nat Rev Genet 

2018;19(3):148–59.
 3 World Health Organisation. The top 10 causes of death. World Health Organisation 

Newsroom, 2018. Available: https://www. who. int/ news- room/ fact- sheets/ detail/ 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

e.bm
j.com

/
J M

ed E
thics: first published as 10.1136/m

edethics-2020-106588 on 18 January 2021. D
ow

nloaded from
 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-0490-8334
http://orcid.org/0000-0003-1691-6403
http://dx.doi.org/10.4103/jhrs.JHRS_132_18
http://dx.doi.org/10.1038/nrg.2017.104
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death%20-%20:~:text=Ischaemic%20heart%20disease%20and%20stroke,in%20the%20last%2015%20years
http://jme.bmj.com/


9 of 9Munday S, Savulescu J. J Med Ethics 2021;47:e91. doi:10.1136/medethics-2020-106588

Extended essay

the- top- 10- causes- of- death - :~:text=Ischaemic%20heart%20disease%20and%20
stroke,in%20the%20last%2015%20years [Accessed 18 Jun 2020].

 4 Hajian- Tilaki K. Receiver operating characteristic (ROC) curve analysis for medical 
diagnostic test evaluation. Caspian J Intern Med 2013;4(2):627–35.

 5 Mandrekar JN. Receiver operating characteristic curve in diagnostic test assessment. J 
Thorac Oncol 2010;5(9):1315–6.

 6 Padilla- Martínez F, Collin F, Kwasniewski M, et al. Systematic review of polygenic risk 
scores for type 1 and type 2 diabetes. Int J Mol Sci 2020;21(5):1703.

 7 Sharp SA, Rich SS, Wood AR, et al. Development and standardization of an improved 
type 1 diabetes genetic risk score for use in newborn screening and incident 
diagnosis. Diabetes Care 2019;42(2):200–7.

 8 Treff NR, Eccles J, Lello L, et al. Utility and first clinical application of screening 
embryos for polygenic disease risk reduction. Front Endocrinol 2019;10:845–45.

 9 Binder EB. Polygenic risk scores in schizophrenia: ready for the real world? Am J 
Psychiatry 2019;176(10):783–4.

 10 Gejman PV, Sanders AR, Duan J. The role of genetics in the etiology of schizophrenia. 
Psychiatr Clin North Am 2010;33(1):35–66.

 11 Fullerton JM, Nurnberger JI. Polygenic risk scores in psychiatry: will they be useful for 
clinicians? F1000Res 2019;8:F1000 Faculty Rev- 293.

 12 Zheutlin AB, Dennis J, Karlsson Linnér R, et al. Penetrance and pleiotropy of polygenic 
risk scores for schizophrenia in 106,160 patients across four health care systems. Am 
J Psychiatry 2019;176(10):846–55.

 13 Treff NR, Marin D, Lello L, et al. Preimplantation genetic testing: preimplantation 
genetic testing for polygenic disease risk. Reproduction 2020;160(5):A13–17.

 14 Treff NR, Eccles J, Marin D, et al. Preimplantation genetic testing for polygenic disease 
relative risk reduction: evaluation of genomic index performance in 11,883 adult 
sibling pairs. Genes 2020;11(6):648.

 15 Power RA, Steinberg S, Bjornsdottir G, et al. Polygenic risk scores for schizophrenia 
and bipolar disorder predict creativity. Nat Neurosci 2015;18(7):953–5.

 16 Sniekers S, Stringer S, Watanabe K, et al. Genome- wide association meta- analysis of 
78,308 individuals identifies new loci and genes influencing human intelligence. Nat 
Genet 2017;49(7):1107–12.

 17 Crespi BJ. Autism as a disorder of high intelligence. Front Neurosci 2016;10:300.
 18 Genomic Prediction. Frequently asked questions. Available: https:// genomicprediction. 

com/ faqs/ [Accessed 6 May 2020].
 19 Bayefsky M. Who should regulate preimplantation genetic diagnosis in the United 

States? AMA J Ethics 2018;20(12):E1160–7.
 20 Bayefsky MJ. Comparative preimplantation genetic diagnosis policy in Europe and 

the USA and its implications for reproductive tourism. Reprod Biomed Soc Online 
2016;3:41–7.

 21 NHMRC. Ethical guidelines on the use of assisted reproductive technology in clinical 
practice and research. Canberra National Health and Medical Research Council 
(NHMRC), 2017.

 22 Regalado A. DNA tests for IQ are coming, but it might not be smart to take one. MIT 
technology review, 2018. Available: https://www. technologyreview. com/ s/ 610339/ 
dna- tests- for- iq- are- coming- but- it- might- not- be- smart- to- take- one/ [Accessed 11 Feb 
2019].

 23 Kaiser J. Screening embryos for IQ and other complex traits is premature, study 
concludes. Science, 2019. Available: https://www. sciencemag. org/ news/ 2019/ 10/ 
screening- embryos- iq- and- other- complex- traits- premature- study- concludes [Accessed 
23 Dec 2019].

 24 American Psychiatric Association. Diagnostic and statistical manual of mental 
disorders: DSM- 5. Arlington, VA: American Psychiatric Association, 2013.

 25 Wilson C. Exclusive: A new test can predict IVF embryos’ risk of having a low IQ. New 
Scientist, 2018. Available: https://www. newscientist. com/ article/ mg24032041- 900- 
exclusive- a- new- test- can- predict- ivf- embryos- risk- of- having- a- low- iq/ [Accessed 11 
Feb 2019].

 26 Plomin R. Blueprint : how DNA makes us who we are. Cambridge, Massachusetts: The 
MIT Press, 2018.

 27 Martschenko D. The IQ test wars: why screening for intelligence is still so controversial. 
The Conversation, 2017. Available: https:// theconversation. com/ the- iq- test- wars- why- 
screening- for- intelligence- is- still- so- controversial- 81428 [Accessed 18 Oct 2020].

 28 Lee JJ, Wedow R, Okbay A, et al. Gene discovery and polygenic prediction from a 
genome- wide association study of educational attainment in 1.1 million individuals. 
Nat Genet 2018;50(8):1112–21.

 29 Turkheimer E. Genetic prediction. Hastings Cent Rep 2015;45(5 Suppl):S32–8.
 30 De La Vega FM, Bustamante CD. Polygenic risk scores: a biased prediction? Genome 

Med 2018;10(1):100.
 31 Sparrow R. Procreative beneficence, obligation, and eugenics. Life Sci Soc Policy 

2007;3(3).
 32 Zimmer C. Genetic intelligence tests are next to Worthless. The Atlantic, 2018. 

Available: https://www. theatlantic. com/ science/ archive/ 2018/ 05/ genetic- intelligence- 
tests- are- next- to- worthless/ 561392/ [Accessed 5 Aug 2019].

 33 Cirkovic S. Preimplantation Genetic Diagnosis and the HFEA’s role. Genetic Alliance, 
2019. Available: https://www. geneticalliance. org. uk/ news- event/ preimplantation- 
genetic- diagnosis- and- the- hfeas- role/ [Accessed 23 Jan 2020].

 34 Kahane G, Savulescu J. The welfarist account of disability. In: Cureton A, Brownlee K, 
eds. Disability and disadvantage. Oxford: Oxford University Press, 2015: 14–53.

 35 Aubusson K. Australia’s IVF rates revealed: one in every 25 births an IVF baby. The 
Syndey Morning Herald, 2018. Available: https://www. smh. com. au/ healthcare/ 
australia- ivf- rates- revealed- one- in- every- 25- births- an- ivf- baby- 20180908- p502ja. 
html - :~:text=More%20than%2013%2C500%20IVF%20babies,and%20New%20
Zealand%20data%20showed [Accessed 18 Oct 2020].

 36 Kemper JM, Gyngell C, Savulescu J. Subsidizing PGD: the moral case for funding 
genetic selection. J Bioeth Inq 2019;16(3):405–14.

 37 Asch A, Barlevy D. Disability and genetics: a disability critique of pre- natal testing and 
pre- implantation genetic diagnosis (PGD). eLS 2012.

 38 Mill JS. On liberty. London: J. W. Parker and Son, 1859.
 39 Saunders B. Reformulating Mill’s Harm Principle. Mind 2016;125(500):1005–32.
 40 Savulescu J. Procreative beneficence: why we should select the best children. Bioethics 

2001;15(5- 6):413–26.
 41 Singer P. Parental Choice and Human Improvement. In: Savulescu J, Bostrom N, eds. 

Human enhancement. Oxford University Press, 2010.
 42 Genes SR. identity, and the expressivist critique. In: Skene L, Thompson J, eds. The 

sorting Society: the ethics of genetic screening and therapy. Cambridge: Cambridge 
University Press, 2008: 111–32.

 43 Savulescu J, Sandberg A, Kahane G. Well- being and the concept of enhancement. In: 
Savulescu J, Ter Meulen R, Kahane G, eds. Enhancing human capacities. Oxford: Wiley- 
Blackwell, 2011: 33–18.

 44 Parfit D. What Makes Someone’s Life Go Best. Reasons and Persons: Oxford University 
Press, 1984.

 45 Wieland J, Zitman FG. It is time to bring borderline intellectual functioning back into 
the main fold of classification systems. BJPsych Bull 2016;40(4):204–6.

 46 Batty GD, Der G, Macintyre S, et al. Does IQ explain socioeconomic inequalities in 
health? Evidence from a population based cohort study in the West of Scotland. BMJ 
2006;332(7541):580–4.

 47 Murray C. IQ and income inequality in a sample of sibling pairs from Advantaged 
family backgrounds. Am Econ Rev 2002;92(2):339–43.

 48 Wraw C, Deary IJ, Gale CR, et al. Intelligence in youth and health at age 50. 
Intelligence 2015;53:23–32.

 49 Gottfredson LS. Why g matters: the complexity of everyday life. Intelligence 
1997;24(1):79–132.

 50 Ali A, Ambler G, Strydom A, et al. The relationship between Happiness and intelligent 
quotient: the contribution of socio- economic and clinical factors. Psychol Med 
2013;43(6):1303–12.

 51 United Nations General Assembly. Universal Declaration of human rights. United 
Nations General Assembly, 1948.

 52 Rumberger RW. Poverty and high school dropouts: the impact of family and 
community poverty on high school dropouts. SES Indicator 2013;6(2).

 53 Freudenberg N, Ruglis J. Reframing school dropout as a public health issue. Prev 
Chronic Dis 2007;4(4):A107–A07.

 54 MSAC. Application No. 1165.1 (CA) - Preimplantation Genetic Diagnosis Assessment. 
Department of Health, 2017.

 55 Wikler D. Can we learn from eugenics? J Med Ethics 1999;25(2):183–94.
 56 Paul DB. Controlling human heredity, 1865 to the present. Atlantic Highlands, NJ: 

Humanities Press, 1995.
 57 Garver KL, Garver B. Eugenics: past, present, and the future. Am J Hum Genet 

1991;49(5):1109–18.
 58 Gyngell C, Selgelid MJ. Twenty- first- century eugenics. In: Francis L, ed. The Oxford 

Handbook of reproductive ethics. New York, NY, USA: Oxford University Press, 
2017: 141–58.

 59 World Health Organisation. Constitution, 2020. Available: https://www. who. int/ 
about/ who- we- are/ constitution [Accessed 18 Oct 2020].

 60 Sandel MJ. The case against perfection: what’s wrong with designer children, bionic 
athletes, and genetic engineering. Atl Mon 2004;292(3):50–4. 56- 60, 62.

 61 Savulescu J, Kahane G. Understanding procreative beneficence. In: Francis L, ed. The 
Oxford Handbook of reproductive ethics. Oxford University Press, 2016.

 62 Roberts D. Can Research on the Genetics of Intelligence Be "Socially Neutral"? 
Hastings Cent Rep 2015;45(5 Suppl):S50–3.

 63 Steinbock B. Opting for twins in in vitro fertilization: what does procreative 
responsibility require? In: Francis L, ed. The Oxford Handbook of reproductive ethics. 
Oxford University Press, 2016.

 64 Plomin R, Deary IJ. Genetics and intelligence differences: five special findings. Mol 
Psychiatry 2015;20(1):98–108.

 65 Parfit D. On doing the best for our children. In: Fishkin JS, Goodin RE, eds. Population 
and political theory. United Kingdom: Wiley- Blackwell, 2010: 68–80.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

e.bm
j.com

/
J M

ed E
thics: first published as 10.1136/m

edethics-2020-106588 on 18 January 2021. D
ow

nloaded from
 

https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death%20-%20:~:text=Ischaemic%20heart%20disease%20and%20stroke,in%20the%20last%2015%20years
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death%20-%20:~:text=Ischaemic%20heart%20disease%20and%20stroke,in%20the%20last%2015%20years
http://www.ncbi.nlm.nih.gov/pubmed/24009950
http://dx.doi.org/10.1097/JTO.0b013e3181ec173d
http://dx.doi.org/10.1097/JTO.0b013e3181ec173d
http://dx.doi.org/10.3390/ijms21051703
http://dx.doi.org/10.2337/dc18-1785
http://dx.doi.org/10.3389/fendo.2019.00845
http://dx.doi.org/10.1176/appi.ajp.2019.19080825
http://dx.doi.org/10.1176/appi.ajp.2019.19080825
http://dx.doi.org/10.1016/j.psc.2009.12.003
http://dx.doi.org/10.12688/f1000research.18491.1
http://dx.doi.org/10.1176/appi.ajp.2019.18091085
http://dx.doi.org/10.1176/appi.ajp.2019.18091085
http://dx.doi.org/10.1530/REP-20-0071
http://dx.doi.org/10.3390/genes11060648
http://dx.doi.org/10.1038/nn.4040
http://dx.doi.org/10.1038/ng.3869
http://dx.doi.org/10.1038/ng.3869
http://dx.doi.org/10.3389/fnins.2016.00300
https://genomicprediction.com/faqs/
https://genomicprediction.com/faqs/
http://dx.doi.org/10.1001/amajethics.2018.1160
http://dx.doi.org/10.1016/j.rbms.2017.01.001
https://www.technologyreview.com/s/610339/dna-tests-for-iq-are-coming-but-it-might-not-be-smart-to-take-one/
https://www.technologyreview.com/s/610339/dna-tests-for-iq-are-coming-but-it-might-not-be-smart-to-take-one/
https://www.sciencemag.org/news/2019/10/screening-embryos-iq-and-other-complex-traits-premature-study-concludes
https://www.sciencemag.org/news/2019/10/screening-embryos-iq-and-other-complex-traits-premature-study-concludes
https://www.newscientist.com/article/mg24032041-900-exclusive-a-new-test-can-predict-ivf-embryos-risk-of-having-a-low-iq/
https://www.newscientist.com/article/mg24032041-900-exclusive-a-new-test-can-predict-ivf-embryos-risk-of-having-a-low-iq/
https://theconversation.com/the-iq-test-wars-why-screening-for-intelligence-is-still-so-controversial-81428
https://theconversation.com/the-iq-test-wars-why-screening-for-intelligence-is-still-so-controversial-81428
http://dx.doi.org/10.1038/s41588-018-0147-3
http://dx.doi.org/10.1002/hast.496
http://dx.doi.org/10.1186/s13073-018-0610-x
http://dx.doi.org/10.1186/s13073-018-0610-x
http://dx.doi.org/10.1186/1746-5354-3-3-43
https://www.theatlantic.com/science/archive/2018/05/genetic-intelligence-tests-are-next-to-worthless/561392/
https://www.theatlantic.com/science/archive/2018/05/genetic-intelligence-tests-are-next-to-worthless/561392/
https://www.geneticalliance.org.uk/news-event/preimplantation-genetic-diagnosis-and-the-hfeas-role/
https://www.geneticalliance.org.uk/news-event/preimplantation-genetic-diagnosis-and-the-hfeas-role/
https://www.smh.com.au/healthcare/australia-ivf-rates-revealed-one-in-every-25-births-an-ivf-baby-20180908-p502ja.html%20-%20:~:text=More%20than%2013%2C500%20IVF%20babies,and%20New%20Zealand%20data%20showed
https://www.smh.com.au/healthcare/australia-ivf-rates-revealed-one-in-every-25-births-an-ivf-baby-20180908-p502ja.html%20-%20:~:text=More%20than%2013%2C500%20IVF%20babies,and%20New%20Zealand%20data%20showed
https://www.smh.com.au/healthcare/australia-ivf-rates-revealed-one-in-every-25-births-an-ivf-baby-20180908-p502ja.html%20-%20:~:text=More%20than%2013%2C500%20IVF%20babies,and%20New%20Zealand%20data%20showed
https://www.smh.com.au/healthcare/australia-ivf-rates-revealed-one-in-every-25-births-an-ivf-baby-20180908-p502ja.html%20-%20:~:text=More%20than%2013%2C500%20IVF%20babies,and%20New%20Zealand%20data%20showed
http://dx.doi.org/10.1007/s11673-019-09932-2
http://dx.doi.org/10.1002/9780470015902.a0005212.pub2
http://dx.doi.org/10.1093/mind/fzv171
http://dx.doi.org/10.1111/1467-8519.00251
http://dx.doi.org/10.1192/pb.bp.115.051490
http://dx.doi.org/10.1136/bmj.38723.660637.AE
http://dx.doi.org/10.1257/000282802320191570
http://dx.doi.org/10.1016/j.intell.2015.08.001
http://dx.doi.org/10.1016/S0160-2896(97)90014-3
http://dx.doi.org/10.1017/S0033291712002139
http://www.ncbi.nlm.nih.gov/pubmed/17875251
http://www.ncbi.nlm.nih.gov/pubmed/17875251
http://dx.doi.org/10.1136/jme.25.2.183
http://www.ncbi.nlm.nih.gov/pubmed/1928094
https://www.who.int/about/who-we-are/constitution
https://www.who.int/about/who-we-are/constitution
http://www.ncbi.nlm.nih.gov/pubmed/15468473
http://dx.doi.org/10.1002/hast.499
http://dx.doi.org/10.1038/mp.2014.105
http://dx.doi.org/10.1038/mp.2014.105
http://jme.bmj.com/

	Three models for the regulation of polygenic scores in reproduction
	Abstract
	Preimplantation genetic diagnosis and reproduction
	The potential power of PS
	Pleiotropy
	Regulation and ethics of PGD
	PS for non-disease traits

	Existing regulatory models
	Disease Model
	Libertarian Model

	The Welfarist Model
	What is the Welfarist Model?
	Does intelligence relate to well-being?
	Generating a threshold?
	Funding options

	Objections to the Welfarist Model
	Unreliability
	Eugenics
	Parent–child relationships
	Entrenches unjust discrimination
	Why limit enhancement?
	Expressivist concerns

	Conclusion
	References


