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Abstract: Pregnancy planning and genetic testing (PPGT) has emerged as a tool in reproductive healthcare, 
offering parents-to-be insight in their risks of having a child with a genetic disorder. This paper reviews the 
advantages, drawbacks and challenges associated with PPGT, providing some practical guidance for health 
care professionals. Advantages include identification of genetic risks, a possibility to informed reproductive 
decision-making, and the potential to reduce the parents-to-be risk for an affected child. Challenges and 
drawbacks include provision of service, ethical considerations, genetic counselling complexities, and the need 
to increase public and professional awareness by comprehensive education and accessibility. Practical 
guidance involves considerations for selecting appropriate candidates, counselling strategies, and how to 
integrate PPGT into existing healthcare frameworks. By addressing these factors, PPGT can offer an increased 
reproductive informed choice for the individual and the couple reducing the burden of disease in the family. 

Keywords: pregnancy planning and genetic testing; preconception genetic testing; genetic disorders; 
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Introduction 

The advancement of molecular genetic technology over the last decade has enabled a wider use 
for genetic testing both inside the health care systems for diagnostic or treatment purposes, for 
cascade testing and presymptomatic testing in families, or outside, e.g. for ancestry testing or legal 
purposes. As a part of this extended use of molecular genetic technologies testing of individuals 
without previously known risk has emerged as a possibility, and an increased use for pregnancy 
planning has appeared outside the health care system. Private laboratories offer now tests to couples 
who want to find out whether they are carriers of a pathogenic genetic variant in the same gene.  

This preconception genetic testing (PPGT) enables individuals or couples to assess their risk for 
passing pathogenic genetic variants associated with severe early onset recessive or X-linked disorders 
to their offspring prior to conception, avoiding giving birth to a disabled child or abortion. Prenatal 
diagnosis via chorionic villi biopsy or amniocentesis doesn´t give the same opportunities to assess 
pathogenic genetic variation due to time constraint and limited possibilities to apply multigene 
testing. Even if it in the future would become possible to assess multiple genetic conditions, during 
early pregnancy, it would be associated with offering complex information and a burdensome to the 
parents-to-be about a previously unknown conditions in the family which in turn may lead to 
interruption of the pregnancy.   

Thus, PPGT offers today an opportunity for individuals or parents-to-be to gain knowledge of 
their genetic profiles before a pregnancy enabling informed reproductive decisions based on their 
genetic profiles. The possibilities to use PPGT has expanded rapidly in recent years, driven by 
advances in molecular genetic technologies and increased awareness of genetic disease risks among 
lay people [1]. 

Therefore, general practitioners as well as non-genetic specialists may meet patients who have 
done tests themselves or have relatives who did, or who want help to be tested themselves. This 
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paper is aimed to try to guide non-genetic specialists who might meet patients interested in 
preconception testing [2,3.] 

It will discuss the advantages and possibilities associated with PPGT as well as challenges as 
well as address some of the ethical concerns, also adding an attempt to help medical healthcare 
professionals to assist their patients to an informed decision regarding PPGT. 

The focus of the discussion is PPGT in the non-consanguineous situation, as special 
considerations for selection of tested genes must be taken if you have particular founder mutations 
in the population. Similar considerations need to be taken when consanguineous couples ask for 
PPGT. 

Strategies for PPGT 

The primary goal of carrier screening is to identify asymptomatic individuals who carry variants 
associated with genetic diseases, to inform about future own risk, or risk to have child with a genetic 
disease. Carrier screening can be accomplished through different approaches including ethnicity-
based screening, pan-ethnic screening, and expanded carrier screening (ECS). The decision to 
perform carrier screening is voluntary. ECS takes a broad approach by screening for many genetic 
diseases irrespective of ethnic background, and ideally is performed prior to conception. ECS has 
many benefits, including that it does not depend on accuracy of reported ancestry, as well as it 
increases the yield of information that may be used for reproductive decision-making. However, 
there are also several important limitations of ECS to consider, ranging from the yield of unexpected 
information, uncertainty about the phenotype of a particular disease for which an individual is a 
carrier. Further, on a societal level, increasing costs associated with family testing and genetic 
counselling have to be considered. Detailed genetic counselling both prior to and after ECS is 
essential in order for patients to understand the breadth of this approach, potential and actual results, 
and limitations. 

Every person is a carrier of at least a handful of pathogenic variants, mostly ultrarare, in genes 
that are poorly studied and with scarce knowledge of gene/disease association making classification 
of the individual variants difficult. Many of these genes are not affecting quality of life but may 
predict for future disorders in adult life or senescence. Most studies on prenatal or preimplantation 
genetic testing are focused on rare disorders affecting early in life with no available curative treatment 
[4]. 

For PPGT, testing is therefore recommended to be limited to autosomal or X-linked disorders 
associated with severe early onset where no curable treatment exists or with severely disabling 
malformations [5]. 

Further, for many genes the pathogenic variants may show reduced penetrance and/or variable 
expressivity for the specific disease further complicating presymptomatic and prenatal testing. 
Therefore, the recommendations are to limit the number of tested genes to the most common and 
well-studied of the rare disease genes, and to those variants that can be satisfactory classified as 
disease associated rather than including as many genes as possible [6,7]. 

Any individual or couple planning for a pregnancy can have utility of PPGT. Testing can be 
performed for a single person who want to know about his/her genetic profile of recessive and for 
women also X-linked pathogenic variants. However, this testing is usually not included in health 
insurance programmes and therefore not affordable to all. Inclusion in health care programmes are, 
if existing, limited to target populations with a high risk for carriership of specific disorders. If in the 
future, included in health care programmes, equal opportunity to testing is of great importance for 
non-discrimination, which have been pointed out in several studies [8]. 

Knowledge of being a carrier may seem unimportant as it usually does not have any impact on 
their own health. However, for certain conditions such as haemophilia or FragileX are associated with 
a vulnerability for clinical symptoms and disease. Both disorders are X-linked, and female 
haemophilia pathogenic variant carriers may have an increased bleeding risk due to skewed X-
chromosome inactivation. Female carriers of a premutation, 55-200 CCG repeats in the FragileX 
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causing FMR1-gene may develop premature menopause and males a Parkinson-like movement 
disorder. Thus, knowing this could be an advantage as preventive actions can be taken for the carrier.  

Even in those cases where the carrier do not have any symptoms of disease, carriership can be 
troublesome or even a burden. Knowledge of future risks in the family planning process can affect 
the choice of a partner, and even if preventive measures such as different forms of prenatal diagnosis 
are available, it may conflict with personal beliefs. 

An alternative approach could be to only offer couple testing, i.e., only a pair planning a 
pregnancy are tested and only when both are carriers of pathogenic variants in the same gene, 
information about the variants is disclosed. The burden of knowledge is then associated to an 
individual disorder with 25 percent risk for the offspring, and thus more associated with the 
reproductive process such as prenatal diagnosis or preimplantation embryo selection. To avoid that 
the female partners carrier status is disclosed this approach doesn´t include testing for X-linked 
disorders [9,10].  

In principle, population screening with whole genome sequencing will give an opportunity to 
offer testing to all individuals in an unselected population to reveal the burden of genetic disease and 
to offer possibilities for prevention. However, in spite of the enormous increase of knowledge about 
the human genome, very little is known about specific gene – disease interactions. For less than 200 
genes there are relevant knowledge to understand the association between the gene variant and 
disease. However, new ultrarare variants are popping up at each sequencing of the human genome, 
but the gene-disease association is difficult to assess in the absence of data from more than a single 
individual. Furthermore, we have little knowledge about penetrance and expressivity of a new 
variant. In addition, low penetrant variants may affect the expression of a disease associated genetic 
variant. Therefore, there is still lack of enough evidence to offer a useful population screening. [11,12]. 

Strategy in Consanguineous Families 

In some cultures, building a family with a relative is a tradition and this increases the 
accumulation of rare pathogenic variants in the extended family, especially in areas with high 
incidence of certain disorders. Moreover, this also increases the risk for an individual to carry more 
than one gene with a deleterious variant.  

Consanguinity increases the risk for a recessive genetic disorder as the probability for a first 
cousin to carry any genetic variant, pathogenic or not, is 1/8, 12.5 percent. This means that even for 
ultrarare disorder there are increased risk. For example, if the incidence of a rare disorder is 1/90 000s 
in the population, the risk by chance for an affected child to first cousins are 1/4 800 i.e., about 20 
times increased. If you happen to know that one of the cousins is a carrier, the risk increases to 1/600 
for an affected child. i.e., 150 times higher than for two unrelated persons from the same population. 
A targeted genetic test, consisting of the gene in question or sometimes just a specific pathogenic 
variant, can be offered to those who due to ethnicity have an increased risk.   

Testing for disorders with high incidence in specific populations have therefore been used for 
more than 40 years, e.g., thalassemia testing in Southern Europe and Middle East populations or 
testing for Tay-Sachs disease among the Ashkenazi Jewish population [13,14]. 

A genetic test, preferably offered to both partners, should be as broad as possible to cover as 
many situations as possible. Therefore, today whole exome or genome sequencing can be an option 
when filtering out common rare variants and be offered to a more general population with no high 
risk for specific pathogenic variants [15,16]  

Panel Construction 

With the recent advances in molecular genetic technology testing for hundreds or thousands of 
genetic pathogenic variants is possible and different companies and clinical laboratories have 
developed their own gene variant panels covering from some few disorders to several hundred 
variants, see examples on websites.  

https://www.europeanspermbank.com/en-int/services/facts-genexmatch 
https://qgenomics.com/service/qcarrier-test_en/ 
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https://web.fulgentgenetics.com/reproductive/beacon-carrier-screening 
However, the patient information provided by the commercial providers may not be compete 

or neutral, rather often show a bias on the positive effect of performing a test [17].  
It is challenging for the bioinformatician to interpret the data and together with a clinical 

geneticist filter out relevant pathogenic variants. Further, it requires qualified genetic counselling by 
a specialist to help the couple to understand the complexity of the test situation [18,19].  

To construct a reliable test for PPGT some criteria must be fulfilled: Basically, only monogenic, 
highly penetrant autosomal or X-linked genetic variants causing severe disorders, including 
malformation syndromes, severe intellectual disability and non-curable disorders with early death, 
should be included in the test. Not many genes fulfil these criteria and they are usually among the 
most common of the recessive rare diseases with a prevalence in the population of more than 1/40000, 
meaning that more than 1/100 in the population are carriers. However, how common a disorder is 
can vary among different populations. If your aim is to construct a broad fit-for-all gene panel, it need 
be very broad and necessarily include variants that in subpopulations will be very rare.  

Carriership of more than 1/100 is sometimes used by genetic professionals to set a reference 
value for carriership for testing for recessive genetic disorders. Basically, if the number of carriers for 
pathogenic recessive variants in a gene is higher than one percent it is counted as a common variant 
and inclusion in a test panel is recommended. Based on this definition, carrier frequency in any larger 
subpopulation should be one percent or higher. This means, based on mendelian calculation, that the 
disease incidence is higher than 1/40 000. It is considered that in these common rare disorders and 
syndromes the gene-symptom correlation is well stablished. Thus, The American College of Genetics 
and Genomics recommend testing of a panel of 86 autosomal and 16 X-linked recessive genes. By 
doing so their intention is that any larger population in the US should avoid feeling discriminated 
[7].  

Based on these data Schmidtke and Krawczak calculated that the probability to carry any of 
these 86 autosomal recessive variants were 69.6% for single individuals and 3.6% for couples, but that 
the risk differs between ethnic groups [21,22]. It should be noted that these figures assume of a carrier 
frequency, not the possibility to detect a variant by a genetic test. However, it is calculated that in the 
target population, more than 60 percent of the genetic load for autosomal recessive disorders is 
covered. Based on Orphanet data, it was recently found that the overall prevalence of recessive 
disorders were 3.5-5.9 percent based on estimated point prevalence of 5304 diseases [23]. Further, 149 
disorders were estimated to be responsible for almost 80 percent of the disease burden which fits well 
with the estimates of Schmidtke and Krawzcak [22.]   

However, this approach is still limiting the panel to a certain population and its fitness for 
example for a Scandinavian or Nordic population where you find another mix of disease associated 
pathogenic variants have to be evaluated. It has also been argued that to be non-discriminating, 
panels should be as large as possible even with the problems of interpretation that may arise [21]. 

Clinical Utility, Validity, and Analytical Validity  

Clinical validity, clinical utility, and analytical utility are critical concepts in evaluating the 
effectiveness and appropriateness of diagnostic tests. 

Clinical validity refers to the ability of a diagnostic test to accurately identify or predict the 
presence or absence of a particular disease or condition. Clinical utility relates to the practical value 
of a diagnostic test by leading to an improved health outcome for the patient. Finally, analytical utility 
refers to the technical performance of a diagnostic test in terms of its precision, accuracy, reliability, 
reproducibility, and robustness across different laboratory settings. 

A stable and reliable test for a specific gene variant or set of variants should fulfil these 
requirements. However, for many genes we have only scarce information making the possibilities to 
perform proper evaluation difficult. Therefore, a laboratory report should include information on 
what is known about clinical and analytical validity so that clinical utility can be estimated in an as 
reliable way as possible. Moreover, in the situation of PPGT there is no internal control, i.e. no person 
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with the disorder associated with this specific variant, which makes it even more important to only 
address results obtained by a test method that fulfils these criteria [24,25]. 

Polygenic Risk Score 

Genetic factors play a significant role in the development of many complex diseases, including 
cardiovascular disorders, cancer, and psychiatric conditions. Polygenic risk scores (PRS) have 
emerged as powerful tools in genetic research, offering insights into the complex interaction between 
genetic variation and disease susceptibility. By integrating information from multiple genetic 
variants across the genome, PRS enable personalized risk assessment for various health conditions. 

Polygenic risk scores are computed by aggregating the effects of multiple genetic variants. These 
variants, known as single nucleotide polymorphisms (SNPs), are weighted based on their effect sizes, 
reflecting the magnitude of their association with the phenotype of interest. 

Despite their potential, polygenic risk scores face several limitations and challenges. These 
include the need for large sample sizes to identify robust genetic associations, potential biases due to 
population stratification and ancestry differences, and limited generalisability across diverse 
populations. 

So far, the benefit for the patient or the health care system is not validated good enough, and 
polygenic risk score should definitely not be used in the context of PPGT [26,27]. 

Advantages of PPGT   

Knowledge of the “genetic profile” empowers individuals and couples to make informed 
reproductive decisions regarding family planning. The chance for a healthy child is 75 percent in each 
pregnancy if both are carriers of pathogenic variants in the same gene. Parents-to-be can after proper 
genetic counselling weigh the risks and benefits with a test and abstain from utilising reproductive 
technologies such as prenatal or preimplantation genetic testing. Studies have shown that the uptake 
varies depending on the life situation of the individuals or couples included [28–30]. 

By accepting an offer of PPGT before pregnancy, the couple can identify potential genetic risks 
for having an affected child. This allows for proactive strategies, including prenatal or 
preimplantation diagnoses as well as the possibilities of alternative reproductive options such as 
adoption or assisted reproduction with egg or sperm donor for couples at high risk having an affected 
child. 

Moreover, identifying carriers, facilitating informed consent for PPGT, will affect the number of 
children born with these disorders making them even more rare. However, it will take hundreds of 
generations to affect the number of carriers in the population and decrease the number of couples at 
risk.  

Drawbacks of PPGT 

Despite its benefits, PPGT is not without challenges and drawbacks: Offering genetic counselling 
to individuals or couples who have no previous knowledge about the disease associated with the 
pathogenic variant, either among a family member or themselves is more challenging as they have 
no perception of the disease in advance. Also, even if the selection of genes for a test is selective, for 
many genes there are phenotypic variation of the disease depending on expressivity and penetrance, 
where an existing family record may give help in discussing risks.  

Although carrier status for most recessive genetic disorders is without health issues, sometimes 
there are heterozygote manifestations. For example, the X-linked recessive disorder haemophilia may 
have manifestations in female carriers with increased risk for bleeding. Similarly, the FragileX 
syndrome may, in pre mutation carrier women be associated with early menopause, and in males 
may cause ataxia in early senescence.  

Another complex issue is mosacism. By this is meant an individual who was developed from a 
single fertilized egg with two or more cell populations with distinct genotypes, but mostly with a 
normal phenotype. As after the fertilisation the zygote consists of a single cell. Thus, the different cell 
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populations must have emerged during embryogenesis, and the earlier this event occurred, the more 
widespread in the body will the mosaicism be. It may or may not affect the individual but can 
sometimes be associated with specific disorders. The deviant clone may be found among the germ 
cells and thus be inherited in the zygote and result in a child with a presumed de novo phenotype and 
often only detected if it has a dominant genetic effect. The possibility to detect mosaicism with PPGT 
is limited [31]. 

Moreover, due to emotional implications when receiving results of a genetic test the ability to 
offer a sensitive communication has a crucial role in PPGT, requiring skilled professionals for the 
interpretation of test results. The counsellor needs to be able to provide accurate information and 
support the individual person or couple in making reproductive decisions.  

Further, the understanding and impact of figures as high or low risk is a subjective matter and 
can be taken up by the counselee differently depending both on how the risk figures are presented 
and personal references [32–34]. 

Geographic location, cultural barriers and financial resources may limit access and uptake of 
PPGT when offered. Thus, information and educational initiatives to lay people as well as health care 
professionals are needed to raise awareness of PPGT options as was the case for hereditary breast 
cancer in the 1990-ies. This information must be neutral stressing both benefits and limitations.  

Comprehensive education initiatives are needed to raise awareness of PPGT options, benefits, 
and limitations among healthcare providers and the general public. Efforts to enhance accessibility 
to PPGT services, particularly for underserved populations, are essential for equitable healthcare 
delivery. 

The cost for PPGT is on the individual person or couple, who either pay out of pocket or via a 
private health insurance. Increasing socioeconomic inequalities and inequalities in access, which 
must be considered in health care plans. Those who gain risk knowledge via PPGT will probably also 
require same possibilities for prenatal service and be allowed to receive it on similar conditions as 
those. This might affect accessibility for both genetic counselling and prenatal testing.  

However, state funded offer of PPGT may create social pressure or obligation to participate not 
to give birth to an affected child. Similar concerns have been highlighted earlier when introducing 
new technology for prenatal diagnosis. PPGT could lead to unforeseen consequences for society, or 
the individual born with a “preventable” genetic disease [35]. 

National health care programmes offering prenatal and/or preimplantation genetic testing are 
implemented in many countries worldwide, whereas programmes for offering PPGT are rarer and 
usually offered as part of research projects.  

In 2018.the Australian Government decided to fund a large national research study named 
Mackenzie’s Mission — the Australian Reproductive Genetic Carrier Screening Project. The number 
of tested genes in this project comprised 1281 variants associated with around 750 genetic conditions. 
The project recruited 8350 couples and was closed December 2022. Results of the study is expected 
to be published very soon [36]. 

In 2020 the Royal College of Pathologists of Australasia applied to the Medical Services Advisory 
Committee that for all women and their partners in early pregnancy or planning a pregnancy should 
be eligible for Medicare-funded screening for three genetic conditions: cystic fibrosis, spinal muscular 
atrophy, and fragile X syndrome. Since November 1, 2023 this test is available covered by national 
health insurance and distributed via the primary health care providers. However, no extra resources 
have been given to genetic service raising questions of problems for genetic counselling. Thus, 
Australia is probably the first country worldwide to introduce such programme, although several 
countries have programmes for specific ethnic groups [37]. 

PPGT raises also a new approach to ethical considerations regarding autonomy, privacy, and 
the potential for genetic discrimination. Healthcare providers must navigate among these ethical 
complexities while upholding principles of patient confidentiality and informed consent. 
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The Importance of Genetic Counselling 

Genetic counselling plays a crucial role in genetic testing. A genetic counsellor can in a pre- test 
counselling session bring up all those issues facilitating the road for the individuals or couples to be 
able to give an informed pre-test consent. Written or web-based information of high quality is a 
necessary tool in the consent process. The consent should be a signed document included in the 
patient files revealing what the counselees have consented for. Post-test counselling should provide 
accurate information, interpret test results, support in reproductive decisions, and offer psychosocial 
follow up during the process.  

The US National Society of Genetic Counselors have recently issued practical guidelines for 
reproductive risk assessment related to PPGT. Those, as well as the European Society for Human 
Genetics guidelines on direct-to-consumer genetic testing offer valuable reading [10,24]. 

Ethical and societal considerations 

PCGT provides a possibility to empower couples to make more in depth informed reproductive 
choices. However, the introduction of PPGT also raises several ethical considerations based on 
common ethical principles, such as autonomy and justice. If offered through public healthcare a 
discussion about how to prioritise are necessary, as are issues concerning human dignity, solidarity, 
and cost-effectiveness. The characteristic of genetic testing raises complex issues around consent, 
utility, and ownership. 

Autonomy is a key concept in genetics. It involves the right to self-determination over one`s own 
life and own actions so far it does not violate the right of self-determination of others. Autonomy also 
mean the right to choose to know or abstain the right to undergo medical treatment based on an 
informed consent, and the right to confidentiality [9]. 

Further, there is a consensus that carrier screening strengthens reproductive autonomy enabling 
more informed reproductive choices based on personal values and preferences of a couple [2]. 

The introduction of PPCT may affect family planning and reproductive decisions, making it 
possible for a couple to avoid a firstborn with a genetic disability, thus reducing the burden of care 
for an affected child [38]. 

Both the individual´s and the couple’s reproductive autonomy is enhanced 39] but new 
dilemmas might rise as joint autonomous decision might be required from the couple depending how 
the test results are disseminated [9,40,41]. 

The single unit approach for receiving test results aims at informing the partners jointly about 
whether they are a carrier couple or not. In case of a discordant outcome, individual carrier status is 
not reported. This deprives a possible carrier of the option of informing his or her relatives affects 
reproductive autonomy of other family members, and using this information in an eventual in a 
future relation with another partner [41].. Another aspect is that carriers might also have some 
symptoms, for instance breast cancer risk in female ataxia telangiectasia carriers, demanding medical 
attention. If only couples are informed this risk will not be disseminated to the carrier or other 
relatives and affect their autonomy and right to to know and to choose [39] and to get right medical 
attention [42]. A shared relational decision might also be complex as moral and ethical values might 
differ both between the two partners, but also between the two different families of the couple, 
including also political and socioethical s and values in the society [40]. 

The alternative approach is regarding the couple as two individuals testing simultaneously and 
then informing about all individual outcomes. This leads to the identification of discordant couples, 
raising the demand for genetic counselling and cascade screening also of relatives. Being identified 
as a carrier might have a more than transient psychological impact on well-informed testee [43], as 
carrier status might have impact on psychological well-being of a carrier person as it has shown to 
increase stress, but other studies show that the influence on stress is not significant [44].  

The negative impact of knowing a carrier status seems also to depend on how the screening 
programme is offered and is the given information [41]. Proper education about the meaning of being 
a carrier is crucial and knowledge is instrumental in influencing participation. This should also 
include the fact that in terms of carrier status for recessive disease, we are all carriers. [40]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2024                   doi:10.20944/preprints202407.1531.v1

https://doi.org/10.20944/preprints202407.1531.v1


 8 

 

A need for genetic counselling is thus obvious, both pre- and post-testing. However, a limiting 
factor is that it is not always available. Autonomy requires voluntary participation and informed 
consent which builds on educative parts as to benefits and limitations. Studies have shown that it is 
important to provide understandable, balanced information and education to the general public 
regarding the concepts of inheritance, when presenting the option of carrier screening [30]. 

Socioeconomic status affects the uptake of reproductive carrier screening [45–48], especially if 
PPCT is only offered by private providers and therefore only accessible for those that can afford to 
pay out-of-pocket. A public healthcare offer might, on the other hand, give the message that it is a 
recommended or mandatory. With time, the societal pressure might increase, affecting autonomous 
decision making, with a risk for discrimination based on the decision not to take a test thus avoiding 
the birth of a severely affected child. It also has been argued that it is a medicalisation of a normal 
pregnancy [49]. Further, it could create stigma for those with a genetic disease, as well as for couples 
not joining a PPGT programme [39]. Preconception carrier screening thus moves towards becoming 
a moral duty and a pressure to take as showing that you are a responsible parent [50] When deciding 
whether to introduce a programme or not, it need to be considered if patient autonomy or societal 
preventions is the goal and the moral compass [50] .A decision involves many aspects to consider; 
medical, moral, psychological, and social. It is complex and therefore political and socioethical 
reflections are an essential concern in introducing PPGT [40].  

Couple testing is influenced by the fact that knowledge in the society about the possibilities of 
testing is limited. Also, efforts to enhance accessibility to PPGT service and raise awareness are 
essential for equitable health care services as PPGT is relatively unknown for most future parents. 
Also, here socioeconomic factors influence accessibility, who will know to ask for and receive PPGT 
[45–47]. 

PCGT enables screening of a large number of recessive conditions in the same panel of known 
genetic variants, regardless of ancestry and geographic origin of users which also enhance health 
equity [51]. However, the selection of genetic variants to such a panel may not include rare disorders 
that may be more common in a subpopulation where founder mutations with locally high prevalence 
. [52] Basic knowledge of the pattern of recessive variants in the population to test facilitates a high-
quality panel.  

Accessibility to PPGT may also be limited due to legal and cultural constraints. Countries have 
variable legal limitations to restrict access to service. Cultural influence, including religious beliefs, 
will also put limits on what is acceptable for individuals. This could lead to a discrimination for those 
who want to have a test. Distance to service centres may add to restricted access although it should 
be possible to overcome with access to web platforms for information and pre- and poste test 
counselling, and surface or courier mail service for transporting tests to the testing centre.  

Understanding patient preferences is important to reach the ethical goals of respect and support 
patient. What is the will of parents-to-be? Would a governmental offer of PCGT offer stress and press 
couples to accept a test or would it be supportive? In an Australian study 2/3 were positive [53], 
whereas studies in Sweden and the Netherlands showed lower interest [30,54]. 

Many of the participants in these studies believe that PPGT is of interest only for those with a 
positive family history of a hereditary disorder. However, overall, participants of reproductive age 
in the general Dutch population showed a positive attitude to predictive genetic testing, especially 
among young participants [30]. 

Moreover,e more evident treatment options that were available for the tested diseases, the more 
positive was the attitude of the participants for a predictive genetic test and supporting the equal 
possibility for PCGT as a tool for reproductive autonomy for everybody and not only for those 
without economic constraints [30]. 

In the study, the most frequently selected argument in favor of PCGT was the possibility to spare 
a child from a life with a severe hereditary disorder. The reason most often mentioned not to 
participate, was that participants reported not having a hereditary disorder in the family. The 
majority preferred receiving individual test results above a couple-based disclosure method in which 
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participants receive the carrier status results only when they are a carrier couple of the same disorder 
[30}.  

For lay people, risk information, including statistical numeric data, is perceived as highly 
normatively charged, often as an emotionally significant threat. Thus, it seems necessary to provide 
lay people with a deeper understanding of risk information and of the limitations of genetic 
knowledge with respect to one’s own health responsibility [55]. 

Even when genetics concerns about the emotional and ethical issues that people have different 
moral views about, relevant testing has become more complicated to decipher and is being generated 
from more sources than ever before. This complexity increases the risk that genetic information will 
be misinterpreted or used inappropriately with harmful effects [56]. 

Choices between medical courses of actions may give patients a sense of safety and control and 
makes it easier to accept difficult medical information [57,58]. 

This brings up the importance of education, both for the health-care professionals and the public 
as limited access to PCGT can also be due to the level of education of the individual and professionals. 
Genetic literacy, knowledge about existence of the test and the possibilities to pay for service are 
constraints for accessibility to the test. In the coming years it will be very important to focus more on 
providing continuous high-quality information to the general public in order to improve genetic 
literacy, to reduce misconceptions and to manage expectations [53,59,60]. 

Another issue is why we offer testing for aneuploidies, but not PPGT as the chance of conceiving 
a child affected by an autosomal recessive disorder are closely comparable to that an aneuploidy [61–
63] On the other hand, does the offer of PPGT for a limited number of pathogenic variants 
substantially lower the risk for an affected child?  

The regulatory landscape around PPGT pose similar challenges as in other situations for genetic 
testing, the consent process, data protection and access to pre- and post-test genetic counselling in a 
language understandable for the tested individuals. Harmonization of the regulatory system between 
national jurisdictions, e.g., within the European union it should be strived for to uphold good clinical 
practice for PPGT. Knowledge is instrumental in influencing participation. Having good genetic 
knowledge may not be enough to understand core concepts of PCGT and may impact informed 
decision-making. Continuous education of health professionals and the community is crucial to 
reduce misconceptions of PPGT [53]. 

PPGT make embryo testing possible, and an increased use of this technique will affect costs for 
health care. However, it will reduce the number of affected children born, thus reducing the burden 
of disease for the family and the society. However, the objective for PPGT should not be saving 
money, but rather it should increase reproductive autonomy and equity and decrease suffering. 
Based on screened patients predominantly with private cost coverage, preconception PPGT is 
predicted to reduce the burden of Mendelian disease in a cost-effective manner compared with 
minimal screening [64]. 

If PPGT is offered, the society should provide resources for genetic counselling, similar to what 
is offered for prenatal diagnostics and PPGT. If abortion is not an option, due to ethical and moral 
values in the society and any form of prenatal or embryo genetic testing nevertheless is offered, the 
results should be delivered with adequate counselling. This may facilitate both medical and 
psychological preparedness for giving birth to an affected child. However, the effect on other 
healthcare needs must be evaluated as prioritisation is necessary in a public health care system [8]. 

.As the field of genetics and genomics has diversified over the past decade, the concept of non-
directiveness has come under increasing pressure. While new models of genetic counselling practice 
are emerging as the complexity and number of ethical considerations relevant to genetic counseling 
has increased [65], most of them continue to emphasize some version of patient autonomy as the core 
principle. To complement prior work that has attempted to move away from non-directiveness, it has 
been argued that genetic counsellors should embrace a more explicit commitment to the principles 
of beneficence and non-maleficence, in addition to a broader understanding of both individual 
autonomy and the relational variables that influence the counseling process [56].  
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They argue that genetic counsellors should consider when deciding whether it is ethically 
acceptable, or even desirable, to make recommendations to patients in certain areas of their work. 
Their main premise is that genetic counsellors should use professional judgment and evidence to 
assess whether genetic testing might benefit a patient irrespective of her views about it. Non-
maleficence, a principle of harm minimization, implies that genetic counsellors use expertise and 
evidence to prevent genetic testing and information from being used harmfully, where possible. 
Further, the complexity increases the risk that genetic information will be misinterpreted or used 
inappropriately with harmful effects [66]. The goal to enable autonomous reproductive choice can be 
challenging for both the counselee and the genetic counsellor [2,67]. 

In sum many: efforts to enhance accessibility to PPGT service in needed to raise awareness are 
essential for equitable health care services. Limited access to PPGT can be due to the level of education 
of the individual. Genetic literacy and knowledge about existence of the test and the possibilities to 
pay for service is probably constraints for accessibility to the test. A special group are underserved 
populations where there could be language and educational constraints. However, as long as service 
is not included in health care programmes or otherwise subsidised inequalities will exist in access. 

Some points to Consider for Those Who Intend to Offer PPGT Service:  

To optimise the use of PPGT, the following suggestions for practical guidance can be considered: 
• The provider should ensure that the counselees fulfil the requirements for PPGT genetic 

counselling under standard circumstances. Those families in which consanguinity is suspected, 
should be counselled separately according to relevant protocols, and considered to be offered 
testing outside a general PPGT programme. 

• Genetic counselling should be integrated in the PPGT process to provide individuals with 
comprehensive support and guidance.  

• Counselling sessions should address the emotional, psychological, and ethical aspects of 
genetic testing, empowering individuals to make informed reproductive decisions aligned with 
their values and preferences. 

• Pre-and post-test counselling should be given by a qualified counsellor, medical specialist in 
clinical genetics, or other health care professional with skills to guide the counselee.  

• The patient should have the possibility to opt out from the process at any time and allowed to 
re-enter at any time.  

• The size and content of the gene panel should be discussed with the counselee so that 
limitations of the test are without doubt.  

• The post-test counselling is most important in those cases where the couple has been found to 
have a risk for a child with a genetic disorder. The counselling should focus on the actual 
disorder and, if possible, also include contact with a specialist of the particular disorder.  

• The governmental health care organisation should be encouraged to develop a panel that fits 
with the actual population and wide enough to include also disorders common in minority 
populations in the area.  

• Even if provided on a pay-for-service basis, PPGT should be integrated into existing health care 
frameworks including the different stake holders, primary care providers, 
obstetricians/gynaecologists, paediatricians and others needed for care.  

Conclusion  

PPGT is still in its bud, but will most likely in the future, be a valuable new tool in reproductive 
healthcare, offering individuals the opportunity to assess their risk of transmitting genetic disorders 
to future generations. Further, PPGT offers new challenges related to ethical considerations, genetic 
counselling, and accessibility, it also holds a possibility to reduce the burden of hereditary disorders 
for the individual family. By addressing these challenges and implementing practical professional 
and legal guidance, PPGT can be effectively used to enhance reproductive outcomes and promote 
healthier pregnancies. 
Author Contributions: Both authors have contributed equally to all parts of the preparation of the manuscript. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2024                   doi:10.20944/preprints202407.1531.v1

https://doi.org/10.20944/preprints202407.1531.v1


 11 

 

Conflicts of Interest: UK is advisor on clinical genetic issues to Life Genomics, Goteborg and to Nordic Egg Bank 
AB, Goteborg. 

References 

1 Garcia-Herrero S, Simon B, Garcia-Planells J. The Reproductive Journey in the Genomic Era: From 
Preconception to Childhood. Genes (Basel). 2020 Dec 19;11(12):1521. doi: 10.3390/genes11121521. PMID: 
33352697; PMCID: PMC7767043. 

2 Henneman L, Borry P, Chokoshvili D, Cornel MC, van El CG, Forzano F, Hall A, Howard HC, Janssens S, 
Kayserili H, Lakeman P, Lucassen A, Metcalfe SA, Vidmar L, de Wert G, Dondorp WJ, Peterlin B. 
Responsible implementation of expanded carrier screening. Eur J Hum Genet. 2016 Jun;24(6):e1-e12. doi: 
10.1038/ejhg.2015.271. Epub 2016 Mar 16. Erratum in: Eur J Hum Genet. 2017 Nov;25(11):1291. PMID: 
26980105; PMCID: PMC4867464. 

3 de Wert G, van der Hout S, Goddijn M, Vassena R, Frith L, Vermeulen N, Eichenlaub-Ritter U; ESHRE 
Ethics Committee. The ethics of preconception expanded carrier screening in patients seeking assisted 
reproduction. Hum Reprod Open. 2021 Feb 12;2021(1):hoaa063. doi: 10.1093/hropen/hoaa063. Erratum in: 
Hum Reprod Open. 2021 Apr 17;2021(2):hoab014. PMID: 33604456; PMCID: PMC7880037. 

4 Antonarakis SE. Carrier screening for recessive disorders. Nat Rev Genet. 2019 Sep;20(9):549-561. doi: 
10.1038/s41576-019-0134-2. PMID: 31142809 

5 Lazarin GA, Hawthorne F, Collins NS, Platt EA, Evans EA, Haque IS. Systematic Classification of Disease 
Severity for Evaluation of Expanded Carrier Screening Panels. PLoS One. 2014 Dec 10;9(12):e114391. doi: 
10.1371/journal.pone.0114391. PMID: 25494330; PMCID: PMC4262393. 

6 European Society of Human Genetics. Statement of the ESHG on direct-to-consumer genetic testing for 
health-related purposes. Eur J Hum Genet. 2010 Dec;18(12):1271-3. doi: 10.1038/ejhg.2010.129. Epub 2010 
Aug 25. PMID: 20736974; PMCID: PMC3002858. 

7 Gregg AR, Aarabi M, Klugman S, Leach NT, Bashford MT, Goldwaser T, Chen E, Sparks TN, Reddi HV, 
Rajkovic A, Dungan JS; ACMG Professional Practice and Guidelines Committee. Screening for autosomal 
recessive and X-linked conditions during pregnancy and preconception: a practice resource of the 
American College of Medical Genetics and Genomics (ACMG). Genet Med. 2021 Oct;23(10):1793-1806. doi: 
10.1038/s41436-021-01203-z. Epub 2021 Jul 20. Erratum in: Genet Med. 2021 Aug 27;: PMID: 34285390; 
PMCID: PMC8488021. 

8 Kihlbom U. Ethical issues in preconception genetic carrier screening. Ups J Med Sci. 2016 Nov;121(4):295-
298. doi: 10.1080/03009734.2016.1189470. Epub 2016 Jul 8. PMID: 27388477; PMCID: PMC5098496. 

9 Matar A, Höglund AT, Segerdahl P, Kihlbom U. Autonomous decisions by couples in reproductive care. 
BMC Med Ethics. 2020 Apr 25;21(1):30. doi: 10.1186/s12910-020-00470-w. PMID: 32334575. 

10 Sagaser KG, Malinowski J, Westerfield L, Proffitt J, Hicks MA, Toler TL, Blakemore KJ, Stevens BK, Oakes 
LM. Expanded carrier screening for reproductive risk assessment: An evidence-based practice guideline 
from the National Society of Genetic Counselors. J Genet Couns. 2023 Jun;32(3):540-557. doi: 
10.1002/jgc4.1676. Epub 2023 Feb 9. PMID: 36756860. 

11 Andermann A, Blancquaert I, Beauchamp S, Déry V. Revisiting Wilson and Jungner in the genomic age: a 
review of screening criteria over the past 40 years. Bull World Health Organ. 2008 Apr;86(4):317-9. doi: 
10.2471/blt.07.050112. PMID: 18438522; PMCID: PMC2647421. 

12 Turnbull C, Firth HV, Wilkie AOM, Newman W, Raymond FL, Tomlinson I, Lachmann R, Wright CF, 
Wordsworth S, George A, McCartney M, Lucassen A. Population screening requires robust evidence-
genomics is no exception. Lancet. 2024 Feb 10;403(10426):583-586. doi: 10.1016/S0140-6736(23)02295-X. 
Epub 2023 Dec 6. PMID: 38070525. 

13 Vassilis Ladis 1, Markissia Karagiorga-Lagana, Ioanna Tsatra, Giorgos Chouliaras. Thirty-year experience 
in preventing haemoglobinopathies in Greece: achievements and potentials for optimisation.  Eur J 
Haematol. 2013 Apr;90(4):313-22. doi: 10.1111/ejh.12076. Epub 2013 Feb 26. PMID: 23331260 DOI: 
10.1111/ejh.12076. 

14 Duran Canatan. Thalassemias and hemoglobinopathies in Turkey. Hemoglobin. 2014;38(5):305-7. doi: 
10.3109/03630269.2014.938163. Epub 2014 Jul 17. PMID: 25030194 DOI: 10.3109/03630269.2014.938163. 

15 Abolhassani A, Fattahi Z, Beheshtian M, Fadaee M, Vazehan R, Ahangari F,Dehdahsi S, Faraji Zonooz M, 
Parsimehr E, Kalhor Z, Peymani F, Mozaffarpour Nouri M, Babanejad M, Noudehi K, Fatehi F, Zamanian 
Najafabadi S, Afroozan F, Yazdan H, Bozorgmehr B, Azarkeivan A, Sadat Mahdavi S, Nikuei P, Fatehi F, 
Jamali P, Ashrafi MR, Karimzadeh P, Habibi H, Kahrizi K, Nafissi S, Kariminejad A, Najmabadi H. Clinical 
application of next generation sequencing for Mendelian disease diagnosis in the Iranian population. NPJ 
Genom Med. 2024 Feb 19;9(1):12. doi: 10.1038/s41525-024-00393-0. PMID: 38374194; PMCID: PMC10876633. 

16 Abulí A, Costa-Roger M, Codina-Solà M, Valenzuela I, Leno-Colorado J, Rovira-Moreno E, Cueto-González 
A, Fernández-Álvarez P, García-Arumí E, Cuscó I, Tizzano EF. Experience using singleton exome 
sequencing of probands as an approach to preconception carrier screening in consanguineous couples. J 
Med Genet. 2023 Jun;60(6):540-546. doi: 10.1136/jmg-2022-108607. Epub 2022 Dec 8. PMID: 36600615. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2024                   doi:10.20944/preprints202407.1531.v1

https://doi.org/10.20944/preprints202407.1531.v1


 12 

 

17 Bruins D, Onstwedder SM, Cornel MC, Ausems MGEM, van Mil MHW, Rigter T. Information Provision 
Regarding Health-Related Direct-to-Consumer Genetic Testing for Dutch Consumers: An in-Depth 
Content Analysis of Sellers' Websites. Genes (Basel). 2024 Apr 20;15(4):517. doi: 10.3390/genes15040517. 
PMID: 38674451; PMCID: PMC11049909. 

18 Ruth Schwartz Cowan 1 Moving up the slippery slope: mandated genetic screening on Cyprus Am J Med 
Genet C Semin Med Genet. 2009 Feb 15;151C(1):95-103. doi: PMID: 19170092 DOI: 
10.1002/ajmg.c.3020210.1002/ajmg.c.30202. 

19 Delatycki MB, Alkuraya F, Archibald A, Castellani C, Cornel M, Grody WW, Henneman L, Ioannides AS, 
Kirk E, Laing N, Lucassen A, Massie J, Schuurmans J, Thong MK, van Langen I, Zlotogora J. International 
perspectives on the implementation of reproductive carrier screening. Prenat Diagn. 2020 Feb;40(3):301-
310. doi: 10.1002/pd.5611. Epub 2019 Nov 29. PMID: 31774570. 

20 Stevens B, Krstic N, Jones M, Murphy L, Hoskovec J. Finding Middle Ground in Constructing a Clinically 
Useful Expanded Carrier Screening Panel. Obstet Gynecol. 2017 Aug;130(2):279-284. doi: 
10.1097/AOG.0000000000002139. PMID: 28697118. 

21 Schmidtke J, Krawczak M. Correspondence on "Screening for autosomal recessive and X-linked conditions 
during pregnancy and preconception: A practice resource of the American College of Medical Genetics and 
Genomics (ACMG)" by Gregg et al. Genet Med. 2022 May;24(5):1156-1157. doi: 10.1016/j.gim.2022.01.003. 
Epub 2022 Jan 28. PMID: 35094930. 

22 Schmidtke J, Krawczak M. Carrier detection probabilities for autosomal recessive variants in unrelated and 
consanguineous couples - an evaluation of the 86 genes of the ACMG 'Tier 3' panel. J Community Genet. 
2022 Aug;13(4):399-401. doi: 10.1007/s12687-022-00593-0. Epub 2022 Jun 4. PMID: 35661981; PMCID: 
PMC9314508. 

23 Nguengang Wakap S, Lambert DM, Olry A, et al. Estimating cumulative point prevalence of rare diseases: 
analysis of the Orphanet database. Eur J Hum Genet. 2020;28(2):165–173. http://doi.org/10.1038/s41431-019-
0508-0. 

24 European Society of Human Genetics. Statement of the ESHG on direct-to-consumer genetic testing for 
health-related purposes. Eur J Hum Genet. 2010 Dec;18(12):1271-3. doi: 10.1038/ejhg.2010.129. Epub 2010 
Aug 25. PMID: 20736974; PMCID: PMC3002858. 

25 Boonsawat P, Horn AHC, Steindl K, Baumer A, Joset P, Kraemer D, Bahr A, Ivanovski I, Cabello EM, Papik 
M, Zweier M, Oneda B, Sirleto P, Burkhardt T, Sticht H, Rauch A. Assessing clinical utility of preconception 
expanded carrier screening regarding residual risk for neurodevelopmental disorders. NPJ Genom Med. 
2022 Jul 29;7(1):45. doi: 10.1038/s41525-022-00316-x. PMID: 35906228; PMCID: PMC9338263. 

26 Novembre J, Stein C, Asgari S, Gonzaga-Jauregui C, Landstrom A, Lemke A, Li J, Mighton C, Taylor M, 
Tishkoff S. Addressing the challenges of polygenic scores in human genetic research. Am J Hum Genet. 
2022 Dec 1;109(12):2095-2100. doi: 10.1016/j.ajhg.2022.10.012. PMID: 36459976; PMCID: PMC9808501. 

27 Koch S, Schmidtke J, Krawczak M, Caliebe A. Clinical utility of polygenic risk scores: a critical 2023 
appraisal. J Community Genet. 2023 Oct;14(5):471-487. doi: 10.1007/s12687-023-00645-z. Epub 2023 May 3. 
PMID: 37133683; PMCID: PMC10576695. 

28 Schuurmans J, Birnie E, Ranchor AV, Abbott KM, Fenwick A, Lucassen A, Berger MY, Verkerk M, van 
Langen IM, Plantinga M. GP-provided couple-based expanded preconception carrier screening in the 
Dutch general population: who accepts the test-offer and why? Eur J Hum Genet. 2020 Feb;28(2):182-192. 
doi: 10.1038/s41431-019-0516-0. Epub 2019 Sep 30. PMID: 31570785; PMCID: PMC6974594. 

29 Van Steijvoort E, Chokoshvili D, W Cannon J, Peeters H, Peeraer K, Matthijs G, Borry P. Interest in 
expanded carrier screening among individuals and couples in the general population: systematic review 
of the literature. Hum Reprod Update. 2020 Apr 15;26(3):335-355. doi: 10.1093/humupd/dmaa001. PMID: 
32099997. 

30 Nijmeijer SCM, Conijn T, Lakeman P, Henneman L, Wijburg FA, Haverman L. Attitudes of the general 
population towards preconception expanded carrier screening for autosomal recessive disorders including 
inborn errors of metabolism. Mol Genet Metab. 2019 Jan;126(1):14-22. doi: 10.1016/j.ymgme.2018.12.004. 
Epub 2018 Dec 10. PMID: 30563741  

31 Biesecker LG, Spinner NB. A genomic view of mosaicism and human disease. Nat Rev Genet. 2013 
May;14(5):307-20. doi: 10.1038/nrg3424. PMID: 23594909 

32 Mazur, D.J., Hickam, D.H. Patients’ interpretations of probability terms. J Gen Intern Med 6, 237–240 (1991). 
https://doi-org.ludwig.lub.lu.se/10.1007/BF02598968. 

33 Visschers VH, Meertens RM, Passchier WW, de Vries NN. Probability information in risk communication: 
a review of the research literature. Risk Anal. 2009 Feb;29(2):267-87. doi: 10.1111/j.1539-6924.2008.01137.x. 
Epub 2008 Nov 5. PMID: 19000070. 

34 Hallowell N, Richards MP. Understanding Life's Lottery: An Evaluation of Studies of Genetic Risk 
Awareness. J Health Psychol. 1997 Jan;2(1):31-43. doi: 10.1177/135910539700200104. PMID: 22012795. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2024                   doi:10.20944/preprints202407.1531.v1

http://doi.org/10.1038/s41431-019-0508-0
http://doi.org/10.1038/s41431-019-0508-0
https://doi-org.ludwig.lub.lu.se/10.1007/BF02598968
https://doi.org/10.20944/preprints202407.1531.v1


 13 

 

35 Matar A, Kihlbom U, Höglund AT. Swedish healthcare providers' perceptions of preconception expanded 
carrier screening (ECS)-a qualitative study. J Community Genet. 2016 Jul;7(3):203-14. doi: 10.1007/s12687-
016-0268-2. Epub 2016 May 25. PMID: 27225888. 

36 Archibald AD, McClaren BJ, Caruana J, Tutty E, King EA, Halliday JL, Best S, Kanga-Parabia A, Bennetts 
BH, Cliffe CC, Madelli EO, Ho G, Liebelt J, Long JC, Braithwaite J, Kennedy J, Massie J, Emery JD, 
McGaughran J, Marum JE, Boggs K, Barlow-Stewart K, Burnett L, Dive L, Freeman L, Davis MR, Downes 
MJ, Wallis M, Ferrie MM, Pachter N, Scuffham PA, Casella R, Allcock RJN, Ong R, Edwards S, Righetti S, 
Lunke S, Lewis S, Walker SP, Boughtwood TF, Hardy T, Newson AJ, Kirk EP, Laing NG, Delatycki MB, 
The Mackenzie's Mission Study Team. The Australian Reproductive Genetic Carrier Screening Project 
(Mackenzie's Mission): Design and Implementation. J Pers Med. 2022 Oct 28;12(11):1781. doi: 
10.3390/jpm12111781. PMID: 36579509; PMCID: PMC9698511. 

37 Rogers AP, Fitzgerald L, Liebelt J, Barnett C. Medicare-funded reproductive genetic carrier screening in 
Australia has arrived: are we ready? Med J Aust. 2024 May 6;220(8):394-397. doi: 10.5694/mja2.52261. Epub 
2024 Mar 17. PMID: 38493786. 

38 van der Hout S, Dondorp W, de Wert G. The aims of expanded universal carrier screening: Autonomy, 
prevention, and responsible parenthood. Bioethics. 2019 Jun;33(5):568-576. doi: 10.1111/bioe.12555. Epub 
2019 Feb 7. PMID: 30734373; PMCID: PMC6594088. 

39 de Wert GM, Dondorp WJ, Knoppers BM. Preconception care and genetic risk: ethical issues. J Community 
Genet. 2012 Jul;3(3):221-8. doi: 10.1thus 007/s12687-011-0074-9. Epub 2011 Dec 29. PMID: 22205578; PMCID: 
PMC3419287. 

40 Jämterud SM, Snoek A. Preconception Expanded Carrier Screening: A Discourse Analysi4s of Dutch 
Webpages. Healthcare (Basel). 2023 May 22;11(10):1511. doi: 10.3390/healthcare11101511. PMID: 37239797; 
PMCID: PMC10218628. 

41 Modra LJ, Massie RJ, Delatycki MB. Ethical considerations in choosing a model for population-based cystic 
fibrosis carrier screening. Med J Aust. 2010 Aug 2;193(3):157-60. doi: 10.5694/j.1326-5377.2010.tb03836.x. 
PMID: 20678044. 

42 42. Gbur S, Mauney L, Gray KJ, Wilkins-Haug L, Guseh S. Counseling for personal health implications 
identified during reproductive genetic carrier screening. Prenat Diagn. 2021 Oct;41(11):1460-1466. doi: 
10.1002/pd.6033. Epub 2021 Sep 2. PMID: 34426984. 

43 Lakeman P, Plass AM, Henneman L, Bezemer PD, Cornel MC, ten Kate LP. Three-month follow-up of 
Western and non-Western participants in a study on preconceptional ancestry-based carrier couple 
screening for cystic fibrosis and hemoglobinopathies in the Netherlands. Genet Med. 2008 Nov;10(11):820-
30. doi: 10.1097/GIM.0b013e318188d04c. PMID: 18941425. 

44 44. Heshka JT, Palleschi C, Howley H, Wilson B, Wells PS. A systematic review of perceived risks, 
psychological and behavioral impacts of genetic testing. Genet Med. 2008 Jan;10(1):19-32. doi: 
10.1097/GIM.0b013e31815f524f. PMID: 18197053. 4426984. 

45 Bajaj K, Gross SJ. Carrier Screening: Past, Present, and Future. J Clin Med. 2014 Sep 15;3(3):1033–42. doi: 
10.3390/jcm3031033. PMCID: PMC4449659. 

46 Robson SJ, Caramins M, Saad M, Suthers G. Socioeconomic status and uptake of reproductive carrier 
screening in Australia. Aust N Z J Obstet Gynaecol. 2020 Dec;60(6):976-979. doi: 10.1111/ajo.13206. Epub 
2020 Aug 4. PMID: 32748403. 

47 Van Steijvoort E, Chokoshvili D, W Cannon J, Peeters H, Peeraer K, Matthijs G, Borry P. Interest in 
expanded carrier screening among individuals and couples in the general population: systematic review 
of the literature. Hum Reprod Update. 2020 Apr 15;26(3):335-355. doi: 10.1093/humupd/dmaa001.  

48 Nesbit CB, Pollack CC, Mascia NS, LaCroix VH, Applebee DM, Bosco AW, Wilkinson-Ryan I, Erekson ED, 
Evans RH. Interest in and uptake of genetic counseling for preconception carrier screening when offered 
to predominantly white reproductive-age persons seeking gynecologic care at a single U.S. academic 
medical center. J Genet Couns. 2022 Feb;31(1):109-119. doi: 10.1002/jgc4.1457. Epub 2021 Jul 5. PMID: 
34223670. 

49 Verweij M. Medicalization as a moral problem for preventative medicine. Bioethics. 1999 Apr;13(2):89-113. 
doi: 10.1111/1467-8519.00135. PMID: 11657099. Bajaj K, Gross SJ. Carrier Screening: Past, Present, and 
Future. 

50 van den Heuvel LM, van den Berg N, Janssens ACJW, Birnie E, Henneman L, Dondorp WJ, Plantinga M, 
van Langen IM. Societal implications of expanded universal carrier screening: a scoping review. Eur J Hum 
Genet. 2023 Jan;31(1):55-72. doi: 10.1038/s41431-022-01178-8. Epub 2022 Sep 12. PMID: 36097155; PMCID: 
PMC9822904. 

51 Edwards S, Laing N. Genetic Counselling Needs for Reproductive Genetic Carrier Screening: A Scoping 
Review. J Pers Med. 2022 Oct 11;12(10):1699. doi: 10.3390/jpm12101699. PMID: 36294838; PMCID: 
PMC9605645. 

52 Mathijssen IB, van Maarle MC, Kleiss IIM, Redeker EJW, Ten Kate LP, Henneman L, Meijers-Heijboer H. 
With expanded carrier screening, founder populations run the risk of being overlooked. J Community 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2024                   doi:10.20944/preprints202407.1531.v1

https://doi.org/10.20944/preprints202407.1531.v1


 14 

 

Genet. 2017 Oct;8(4):327-333. doi: 10.1007/s12687-017-0309-5. Epub 2017 May 29. PMID: 28555434; PMCID: 
PMC5614881. 

53 Ong R, Howting D, Rea A, Christian H, Charman P, Molster C, Ravenscroft G, Laing NG. Measuring the 
impact of genetic knowledge on intentions and attitudes of the community towards expanded 
preconception carrier screening. J Med Genet. 2018 Nov;55(11):744-752. doi: 10.1136/jmedgenet-2018-
105362. Epub 2018 Aug. 

54 Ekstrand Ragnar M, Tydén T, Kihlbom U, Larsson M. Swedish parents' interest in preconception genetic 
carrier screening. Ups J Med Sci. 2016 Nov;121(4):289-294. doi: 10.1080/03009734.2016.1218575. Epub 2016 
Sep 20. PMID: 27647125; PMCID: PMC5098495. 

55 55. Wöhlke S, Schaper M, Schicktanz S. How Uncertainty Influences Lay People's Attitudes and Risk 
Perceptions Concerning Predictive Genetic Testing and Risk Communication. Front Genet. 2019 Apr 
26;10:380. doi: 10.3389/fgene.2019.00380. PMID: 31080458; PMCID: PMC6497735. 

56  Jamal L, Schupmann W, Berkman BE. An ethical framework for genetic counseling in the genomic era. J 
Genet Couns. 2020 Oct;29(5):718-727. doi: 10.1002/jgc4.1207. Epub 2019 Dec 19. PMID: 31856388; PMCID: 
PMC7302959. 

57 Kraft SA, McMullen CK, Porter KM, Kauffman TL, Davis JV, Schneider JL, Goddard KAB, Wilfond BS. 
Patient perspectives on the use of categories of conditions for decision making about genomic carrier 
screening results. Am J Med Genet A. 2018 Feb;176(2):376-385. doi: 10.1002/ajmg.a.38583. Epub 2017 Dec 
18. PMID: 29250907. 

58 Schneider JL, Goddard KA, Davis J, Wilfond B, Kauffman TL, Reiss JA, Gilmore M, Himes P, Lynch FL, 
Leo MC, McMullen C. "Is It Worth Knowing?" Focus Group Participants' Perceived Utility of Genomic 
Preconception Carrier Screening. J Genet Couns. 2016 Feb;25(1):135-45. doi: 10.1007/s10897-015-9851-7. 
Epub 2015 Jun 21. PMID: 26093606; PMCID: PMC4726717. 

59 Chokoshvili D, Vears D, Borry P. Expanded carrier screening for monogenic disorders: where are we now? 
Prenat Diagn. 2018 Jan;38(1):59-66. doi: 10.1002/pd.5109. Epub 2017 Jul 27. PMID: 28685505.  

60 Dungan J. Expanded carrier screening: what the reproductive endocrinologist needs to know. Fertil Steril. 
2018 Feb;109(2):183-189. doi: 10.1016/j.fertnstert.2017.11.030. PMID: 29447660. 

61 Klein D, van Dijke I, van Langen IM, Dondorp W, Lakeman P, Henneman L, Cornel MC. Perceptions of 
reproductive healthcare providers regarding their involvement in offering expanded carrier screening in 
fertility clinics: a qualitative study. Reprod Biomed Online. 2024 Feb 3. 

62 de Groot-van der Mooren M, de Graaf G, Weijerman ME, Hoffer MJV, Knijnenburg J, van der Kevie-
Kersemaekers AMF, Kooper AJA, Voorhoeve E, Sikkema-Raddatz B, van Zutven LJCM, Srebniak MI, 
Huijsdens-van Amsterdam K, Engelen JJM, Smeets D, van Kaam AH, Cornel MC. Does non-invasive 
prenatal testing affect the livebirth prevalence of Down syndrome in the Netherlands? A population-based 
register study. Prenat Diagn. 2021 Sep;41(10):1351-1359. doi: 10.1002/pd.6003. Epub 2021 Jul 1. PMID: 
34176145; PMCID: PMC8519113.  

63 de Graaf G, Skladzien E, Buckley F, Skotko BG. Estimation of the number of people with Down syndrome 
in Australia and New Zealand. Genet Med. 2022 Dec;24(12):2568-2577. doi: 10.1016/j.gim.2022.08.029. Epub 
2022 Oct 4. PMID: 36194210. 

64 Beauchamp KA, Johansen Taber KA, Muzzey D. Clinical impact and cost-effectiveness of a 176-condition 
expanded carrier screen. Genet Med. 2019 Sep;21(9):1948-1957. doi: 10.1038/s41436-019-0455-8. Epub 2019 
Feb 14. Erratum in: Genet Med. 2022 Apr;24(4):968. PMID: 30760891; PMCID: PMC6752320. 

65 Clarke AJ, Wallgren-Pettersson C. Ethics in genetic counselling. J Community Genet. 2019 Jan;10(1):3-33. 
doi: 10.1007/s12687-018-0371-7. Epub 2018 Jun 14. PMID: 29949066; PMCID: PMC6325035. 

66 Farmer MB, Bonadies DC, Mahon SM, Baker MJ, Ghate SM, Munro C, Nagaraj CB, Besser AG, Bui K, Csuy 
CM, Kirkpatrick B, McCarty AJ, McQuaid SW, Sebastian J, Sternen DL, Walsh LK, Matloff ET. Adverse 
Events in Genetic Testing: The Fourth Case Series. Cancer J. 2019 Jul/Aug;25(4):231-236. doi: 
10.1097/PPO.0000000000000391. PMID: 31335384. 

67 Klein D, van Dijke I, van Langen IM, Dondorp W, Lakeman P, Henneman L, Cornel MC. Perceptions of 
reproductive healthcare providers regarding their involvement in offering expanded carrier screening in 
fertility clinics: a qualitative study. Reprod Biomed Online. 2024 Feb 3;49(1):103857. doi: 
10.1016/j.rbmo.2024.103857. Epub ahead of print. PMID: 38643517. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2024                   doi:10.20944/preprints202407.1531.v1

https://doi.org/10.20944/preprints202407.1531.v1

	Introduction
	Strategies for PPGT
	Strategy in Consanguineous Families
	Panel Construction
	Clinical Utility, Validity, and Analytical Validity
	Polygenic Risk Score
	Advantages of PPGT
	Drawbacks of PPGT
	The Importance of Genetic Counselling
	Ethical and societal considerations
	Some points to Consider for Those Who Intend to Offer PPGT Service:
	Conclusion
	References

