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Abstract
Research question: What are the perspectives of preimplantation genetic testing patients in Belgium on the ethics of preimplantation genetic testing for polygenic risk scoring (PGT-P)?
Design: 18 in-depth interviews (10 couples, 8 women, n = 28) were performed with patients who had treatment with preimplantation genetic testing for monogenic conditions (PGT-M) or for structural rearrangements (PGT-SR) between 2017 and 2019 in Belgium. Participants were asked about their own experiences with PGT-M/SR and about their viewpoints on PGT-P, including own interest and their ideas on its desirability, scope and consequences. Inductive content analysis was used to analyse the interviews.
Results: Participants stated that their experiences with PGT-M/SR had been physically, psychologically and practically difficult. Most participants stated partly because of these difficulties, they did not see the added value of knowing risk scores of embryos via PGT-P. Many participants worried that PGT-P could lead to additional anxieties, responsibilities and complex choices in reproduction and parenthood. They argued that not everything should be controlled and felt that PGT-P, especially non-medical and broad screening, was going too far. In case of clinical implementation of PGT-P, participants in general preferred PGT-P to be limited to people with a serious polygenic familial history and wanted embryo selection decisions to be made by healthcare professionals.
Conclusions: This study shows that those with experience with PGT-M/SR saw PGT-P as different from PGT-M/SR. They had various ethical concerns with regards to PGT-P, especially regarding broadly offering PGT-P. These stakeholder viewpoints need to be considered regarding potential PGT-P implementation and guidelines.
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Introduction
Recently, the use of polygenic risk scores (PRS) within preimplantation genetic testing (PGT) has been introduced commercially (Treff et al., 2019a). This is referred to as PGT-P or polygenic embryo screening. The aim of PGT-P significantly differs from more established forms of PGT, i.e. PGT-M (testing embryos for monogenic conditions), PGT-SR (testing embryos for chromosomal rearrangements), or the more contentious PGT-A (screening embryos for aneuploidy) (Simpson et al., 2019). While PGT-M/SR tests for the presence of a specific genetic mutation or chromosomal abnormality in couples at risk, PGT-P aims to give insight into the embryo’s risk of developing one or more conditions (Treff et al., 2019a). PGT-P is thus probabilistic in nature and can only provide a rough estimate for various complex traits/diseases (from serious medical conditions to non-medical traits), rather than providing information about a heritable genetic mutation that will or is likely to lead to a specific disease.
[bookmark: _Hlk160544565][bookmark: _Hlk164424662]Research, e.g. based on simulated data, has shown the possibility of relative risk reduction for some polygenic conditions via PGT-P, e.g. for type 1 diabetes (Treff et al., 2019a; Treff et al., 2019b; Treff et al., 2020). It has also been demonstrated that possibilities for risk reduction depend on the selection strategy that is used (Lencz et al., 2021). However, concerns regarding PGT-P’s validity and utility have also been voiced. Because genome-wide association studies used for PRS calculations are largely based on individuals with European ancestry, PRS might not be equally applicable to those with non-European ancestry (Turley et al., 2021). Furthermore, the development of polygenic conditions is generally affected by environmental factors, however the differences in environmental factors cannot be accounted for in PGT-P, potentially dropping its predictive power (Turley et al., 2021; Polyakov et al., 2022). Concerns have also been raised regarding the issues of ‘pleiotropy’ (genes potentially affecting multiple traits) and ‘genetic determinism’ (Karavani et al., 2019; Turley et al., 2021). The potential gain of PGT-P under realistic conditions is currently limited and uncertain (Karavani et al., 2019).
Additionally, concerns have been voiced related to the psychological aspects of the complex information and choices given to prospective parents, and the potential sense of a ‘moral duty’ to select to best embryo (Lázaro-Muñoz et al., 2021; Pagnaer et al., 2021). Socio-ethical elements regarding the scope of PGT-P and its consequences, e.g. related to potential screening for ‘desirable’ traits, discrimination and inequalities, have also been put forward (Lázaro-Muñoz et al., 2021; Pagnaer et al., 2021; Turley et al., 2021).
Currently, PGT-P is provided by a few companies based in the United States, with offers in other countries as well. They offer polygenic embryo screening for conditions such as cancers, cardiovascular diseases, diabetes and schizophrenia (LifeView (powered by Genomic Prediction), 2024; Orchid, 2024). Various scientific and professional organizations have addressed PGT-P and are critical about its clinical implementation (Forzano et al., 2021; European Society of Human Reproduction and Embryology, 2022; Abu-El-Haija et al., 2023; Wand et al., 2023). 
[bookmark: _Hlk158206584]	In order to get more insights into the ethical aspects and perspectives on PGT-P, it is important to know more about the viewpoints of stakeholders. Empirical research has so far shown that many healthcare professionals in both Europe and North-America find clinical implementation of PGT-P premature. They express concerns about PGT-P’s probabilistic nature, screening for non-medical traits, PGT-P’s potential impact on number of available embryos for transfer, and related societal consequences (Siermann et al., 2023; Barlevy et al., 2024; Siermann et al., 2024a). IVF patients in the United States are generally more positive about PGT-P than healthcare professionals (Neuhausser et al., 2023; Barlevy et al., 2024). The general public in the United States also seems more accepting of polygenic embryo screening (Zhang et al., 2021; Meyer et al., 2023; Furrer et al., 2024).
An important stakeholder group that has not yet been studied with regards to perspectives on PGT-P is PGT patients, e.g. those with personal experience with PGT-M/SR. Research on PGT patients’ perspectives and experiences has shown that prospective parents are motivated to opt for PGT-M/SR to avoid passing on a hereditary condition and to avoid pregnancy termination, or even feel a responsibility to do so, but generally feel that there should be a limit with regards to what PGT can be offered for (Cunningham et al., 2015; Genoff Garzon et al., 2017; Hughes et al., 2021). PGT also has a psychological impact on its users, e.g. due to the emotional and practical burden of the journey and its associated uncertainties, the limited chances for success, and its complex information and choices (Cunningham et al., 2015; Genoff Garzon et al., 2017; Rothwell et al., 2020; Hughes et al., 2021). 
[bookmark: _Hlk160552553]While PGT-M/SR patients do not have experience with PGT-P specifically, they do have experience with the IVF-ICSI/PGT workflow, which makes their attitudes towards PGT-P crucial to investigate. Furthermore, PGT patients might be a potential target group of PGT-P if this is offered to them as an ‘add-on’, which makes it relevant to know more about the experiences and opinions of this stakeholder group. It is therefore important to know how PGT-M/SR patients reflect on their own PGT treatment and compare this with the potential implementation and ethics of PGT-P. For these reasons, we performed a qualitative interview study with PGT-M/SR patients in Belgium. The aim of this study was to get insights into the viewpoints of PGT-M/SR patients on PGT-P. Participants were asked about their own experiences with PGT-M/SR and about their viewpoints on PGT-P, including own interest and their ideas on its desirability, scope and consequences.

Materials and methods
Recruitment
Participants were recruited via the Leuven University Fertility Centre (LUFC). Through the LUFC, contact details of women having followed PGT-M or PGT-SR treatment between 2017 and 2019 in the LUFC were provided. We focused on couples that had already undergone PGT in the past, in order not to burden couples that are currently undergoing PGT treatment. Both couples that had a child after PGT/IVF and couples that did not have a child after PGT/IVF could be included. An information letter with details about the study and the question to participate was sent at random in batches to a total of 100 eligible women by mail (with reminders by email if necessary and possible). They were asked to contact the research team if they were interested in participating in the study. Recruitment continued until data saturation was reached. 22 people expressed interest in participating in our study, of which we were able to schedule an interview with 18 of them (10 couples and 8 women, n = 28). The other four did not respond to follow-up emails. 18 people indicated that they did not want to participate (e.g. for no specified reason, because of a lack of time or because the PGT process had been very difficult or unsuccessful for them), and we did not receive a response from the other eligible people. Since information letters were sent to the addresses known at the time of PGT treatment, it is also possible that the letter did not reach some PGT-M/SR patients because they had since moved. When agreeing to participate, study participants received an information brochure explaining PGT-P (e.g. what polygenic conditions are, what PGT-P can and cannot do and what it could be offered for). They were also asked to sign an informed consent form and to provide demographic information.

Methods
Semi-structured interviews were performed with PGT-M/SR patients between December 2022 and May 2023. Through performing qualitative interviews, the aim was to get in-depth insights into the participants’ experiences with PGT and their ideas and viewpoints on PGT-P. Interviews were performed with the couple together or with only one of the parents (women in all cases in this study) if a joint interview was not possible. We chose to opt for joint couple interviews because this might mean that there would be less of a barrier for couples (especially men) to participate. In addition, couples might feel more comfortable to talk together, and partners can trigger each other’s memory, making it possible to get insights into the couple’s interactions and discussions. Potential downsides of joint interviews are that one partner is dominant, the couple wants to present a unified image of reality or that the interview would stir up conflicts, but we considered the advantages of joint interviews to outweigh the disadvantages for this study (Gerrits, 2018). We also tried to provide space for both partners to answer questions and emphasized that they did not need to have the same viewpoints.
[bookmark: _GoBack]An interview guide was used that included questions about the couple’s own experience with PGT/IVF, ethical considerations of PGT-P, their own interest in PGT-P, and considerations regarding potential implementation of PGT-P. The interviews were conducted by one author (M.S.). At the start of the interview, M.S. gave a short presentation about what PGT-P is (repeating the information of the brochure that participants received), and the participants had the chance to ask questions for clarification. All interviews were conducted via video calling (Microsoft Teams). The interviews lasted between 44 and 123 minutes. Most interviews were conducted in Dutch and one interview was conducted in English. All participants signed an informed consent form. They also provided requested demographic information, e.g. age, gender, education level, religion, ethnicity, and information about their PGT treatment (start, indication, duration, attempts, results). The study was approved by the Ethics Committee Research UZ/KU Leuven (S65501, 9th February 2022).

Analysis
The interviews were recorded with permission of the participants. The audio recordings were used to transcribe the interviews verbatim. The information of participants was pseudonymized in order to protect the privacy of participants. Qualitative analysis, namely inductive content analysis, was used to analyse the data (by M.S.) (Hsieh and Shannon, 2005). This means that the analysis was conducted inductively, by first reading the texts and then using inductive codes to categorize the data. Inductive codes are derived from reading and understanding of the text itself, rather than based on a predetermined conceptual framework. These descriptive codes were then grouped together into larger categories based on correlated topics and concepts, until key themes were distinguished. The qualitative data analysis software package NVIVO was used to aid analysis of the interview data. Included quotes were translated by one author (M.S.).

Belgian context of PGT
PGT-M, PGT-SR, PGT-A and PGT-HLA matching are allowed in Belgium. According to the 2007 Law on Medically Assisted Reproduction and the Disposition of Supernumerary Embryos and Gametes, non-medical selection and ‘eugenic selection’ is prohibited (Belgisch Staatsblad, 2007; Pennings, 2007). There are no other requirements in the law regarding what PGT is (not) allowed for, with the exception of criteria for PGT-HLA matching (Belgisch Staatsblad, 2007; Pennings, 2007; Council of Europe, 2015; Pennings and Mertes, 2019). Evaluation of the PGT requests generally happens at the level of the PGT centre, potentially with a local ethics board (Pennings and Mertes, 2019; De Rycke et al., 2020). PGT can only be performed in recognized fertility and genetics centres, of which there can be no fewer than eight in Belgium (Belgisch Staatsblad, 2007). Public health reimbursement of six IVF cycles and of PGT-M/SR is possible to a certain extent (Corveleyn et al., 2007). PGT-A is not reimbursed in Belgium (Pennings and Mertes, 2019).
PGT-P is not currently offered in Belgium. Offering PGT-P is not against the Belgian law, but PGT can only be provided in licensed clinics. The mostly negative stance of healthcare professionals and professionals societies suggests there might not be much enthusiasm for clinical introduction of PGT-P in Belgium at the moment (Siermann et al., 2024b). Furthermore, ‘embryo banking’ is not allowed in Belgium, meaning that one cannot opt for another round of stimulation if there are embryos available that could be transferred (Belgisch Staatsblad, 2007). This would impact possibilities for embryo selection in case of potential implementation of PGT-P in Belgium.

Study participants
28 PGT-M/SR patients participated in this interview study (10 interviews with couples, 8 interviews with women). Participants had opted for PGT for various indications, such as skeletal dysplasias, metabolic disorders or chromosomal abnormalities related to miscarriages, but also adult-onset conditions such as cardiac disorders or cancer predispositions. In many cases one of the participants was affected with the genetic condition, and in a few cases the first child was affected with the condition. For many couples, the process with PGT treatment had taken many years. Not all participants ended up having all children via PGT, with multiple couples having a child via natural conception after PGT, one couple remaining childless and one couple opting for egg donation instead. More information about the participants’ PGT experiences can be found in Table 1.
	The mean age of the female participants at the time of the interview was 36.8 years (range: 28-47 years) and of male participants 38.7 years (range: 31-50 years). Most participants (22) had finished higher professional education or university and six participants had finished secondary education. The large majority of the participants were Belgian, with a few being Italian, Dutch or German. While participants had all been recruited via the same fertility centre, they lived in various parts of Flanders and Brussels.

	Participant(s)
	Type of PGT
	Reason for PGT
	Number of children

	C01F & C01M[footnoteRef:1] [1:  C = couple, F = female, M = male] 

	PGT-M
	Brugada syndrome
	2 children via PGT

	C02F & C02M
	PGT-M
	Predisposition to breast and ovarian cancer
	1 child via PGT

	C03F
	PGT-M
	Predisposition to breast and ovarian cancer
	1 child via PGT

	C04F & C04M
	PGT-SR
	Chromosomal rearrangement
	1 child via PGT, 1 child via natural conception

	C05F & C05M
	PGT-M
	Hereditary multiple exostoses
	2 children via PGT

	C06F
	PGT-M
	Chondrodysplasia punctata
	Pregnancy terminated at 24 weeks (affected), 1 child via natural conception (before PGT, affected), 1 child via PGT

	C07F & C07M
	PGT-M
	Hereditary multiple exostoses
	No child via PGT, 1 child via egg donation

	C08F
	PGT-M
	Neurofibromatosis
	1 child via PGT, 1 child via natural conception (affected)

	C09F
	PGT-M
	Predisposition to breast and ovarian cancer
	1 child via PGT

	C10F
	PGT-SR
	Chromosomal rearrangement
	1 child via natural conception (before PGT), no child via PGT

	C11F
	PGT-M
	Phenylketonuria
	1 child via natural conception (before PGT, affected), 2 children via PGT

	C12F & C12M
	PGT-M
	Predisposition to breast and ovarian cancer
	2 children via PGT

	C13F
	PGT-M
	Hereditary multiple exostoses
	2 children via PGT

	C14F & C14M
	PGT-M
	Cardiac condition
	No children

	C15F & C15M
	PGT-SR
	Chromosomal inversion
	2 children via PGT

	C16F & C16M
	PGT-M
	Autosomal dominant polycystic kidney disease
	1 child via natural conception (before PGT, affected), 2 children via PGT

	C17F & C17M
	PGT-M
	Lesch Nyhan Syndrome
	1 child via natural conception (before PGT, affected), 1 child via PGT

	C18F
	PGT-SR
	Chromosomal rearrangement
	1 child via natural conception (before PGT, affected), 1 child via PGT


Table 1: PGT experiences of participants

Results
The perspectives of PGT-M/SR patients on the ethics of PGT-P related to the following five themes: 1) experiences with PGT-M/SR affecting interest in PGT-P; 2) what information is worth knowing?; 3) the scope of PGT-P; 4) ethical considerations of potential PGT-P implementation; 5) socio-ethical consequences of PGT-P.

Experiences with PGT-M/SR affecting interest in PGT-P
Participants with a hereditary genetic disorder in the family had chosen to pursue PGT-M/SR to prevent their child from being affected with this condition. For those who used PGT to avoid miscarriages, the aim was rather to be able to have a child in the first place. For the first group, PGT was seen as a chance – or even as a responsibility – to stop passing on a genetic condition, being described by a participant as part as ‘good parenthood’: 
“So we felt that was already the start of good parenthood, I would call it, to bear that burden for them now, so they do not have to bear it in the future.” (C13F)
The participants generally described their own experience with PGT-M/SR and IVF as very demanding. They explained that the process had been long, and had been physically, psychologically, practically, financially and relationally difficult. The waiting times, hormones, recurrent attempts and unequal roles within the medical process impacted their body, mind, life and relationship. The PGT/IVF treatment, a limited number of embryos and the ‘elimination race’ as part of embryo selection were described as a rollercoaster of hope and disappointments. Some said that in general the impact that IVF/PGT takes on one’s life tends to get underestimated.
	Many participants indicated that getting insights into PRS would not outweigh the difficulties of IVF/PGT, and that thereby PGT-P, particularly as a stand-alone, does not seem like a worthwhile option. While some participants were positive about technological progress and the potential to help avoid suffering and the costs and burden of disease in society, the idea of current clinical implementation of PGT-P, particularly in Belgium, was generally not met with enthusiasm. Screening for PRS was seen as not very useful when considering the limited chances of success, general limited number of available embryos, and the potentially limited differences between those embryos. Additionally, the chance of having a child at all could be lowered, as people might be too scared to transfer an embryo with a risk score:
“Because if you exclude too many risks, there may be nothing left at all.” (C01F)
However, there were a few exceptions, who for example indicated that “the more you screen, the better” (C17F). 
Most participants would not have been interested in PGT-P if it would have been offered as an extra to them during their PGT treatment, stating that IVF/PGT is already difficult and one’s chances of success are already small, and by adding PGT-P, a participant stated: 
 “I think you are making things unnecessarily complicated for yourself.” (C04F)
Several participants also said that maybe they might have said yes if PGT-P would have been offered to them at the start of their PGT treatment, either out of interest or as another box to tick within their treatment, but would have likely regretted it later on due to the difficult choices it would lead to, e.g. if the only available embryo would have high PRS. 

What information is worth knowing?
One major concern of participants regarding PGT-P was that it provides no certainty and is probabilistic in nature. This was seen as the biggest difference between PGT-P and their own PGT-M/SR treatment. While some participants had opted for PGT for predisposition to breast and ovarian cancer (BRCA1/2), which is also probabilistic rather than diagnostic, due to the high penetrance of the disease, they felt secure that about the fact that embryos without the mutation would not have risk for this mutation and associated disease. Going through IVF for (small) risk reductions only was generally not seen as beneficial and rather seen as going too far:
“You have to be sure that you can really rule something out, because otherwise I think it is more trouble than it’s worth.” (C16F)
A few participants would find additional screening for polygenic serious life-threatening conditions next to their main PGT indication potentially available if these findings would be conclusive and not probabilistic. For a few other participants, PRS were not desired for embryo selection, but the information itself without selection was seen as potentially interesting, e.g. in order to be able to adapt one’s lifestyle based on risk information. One participant was less worried about the probabilistic nature of PGT-P, stating that “of course they have to start somewhere” (C03F).
Furthermore, participants said that knowing all potential genetic risks of one’s child “will drive you completely crazy” (C01M). They indicated that knowledge about the embryo’s risks might lead to unnecessary worries. Additionally, participants felt that PGT-P could have a negative impact on the parent-child relationship, e.g. fixating on or causing extra anxiety any time something potentially health-related happens to the child, leading to overprotection of the child. In this context, the information of PGT-P was seen as “life-defining” (C13F), with many participants questioning the idea of knowing more being better:
“I think it’s also just dangerous to know everything in advance. I think it doesn’t necessarily make you happier.” (C01F)
Participants were also wary of the idea that PGT-P could potentially lead to a false sense of security about the child’s health. Various participants also indicated that the choices related to knowing PRS of embryos would be complex, and lead to a potential blame regarding ‘wrong’ choices made. Several participants felt that it might lead to prospective parents feeling that is their responsibility to choose the best chances for their child, but that “choosing is always also losing kind of, right?” (C15F). Participants also linked this sense of responsibility to the price of PGT-P.
In addition, some participants said that genetics and PRS are difficult to interpret and that “I think it is only a very limited group that could correctly interpret what it is” (C13F). In this regard, it was felt that PGT-P “can be manipulated heavily” (C02M). Good information provision and psychological counselling was therefore seen as necessary.
A few participants worried about the level of scientific knowledge behind PGT-P, and had doubts about how well PGT-P could predict risks. Additionally, it was said that the relevance of these polygenic risks might be small compared to other things that one is not generally worried about:
C01F: “You should be more concerned about the fact that you eat fries every week than about the fact that genetically you might be a little bit more likely to have…”
C01M: “We do eat fries every week.”
C01F: “Yes, yes, I know. [laughs] You don’t worry about that.”

The scope of PGT-P
Participants generally indicated that if PGT-P would be offered, there should be a clear line that would justify IVF treatment, though where and how exactly this line should be drawn was seen as complex. Participants indicated that conditions (physical or psychiatric) should have a high risk of mortality or be life-threatening, lead to poor or reduced quality of life, have no or limited treatment or prevention possibilities. Numerous participants said that screening should only be performed for conditions that are largely genetically hereditary in nature, where development is not much affected by behaviour or lifestyle factors. Participants emphasized that PGT should not be about your child meeting certain expectations:
“Personally, I believe it should be about your child’s quality of life. And not about your child meeting your own expectations. That is the big difference for me.” (C12M)
The conditions PGT-P could be offered for were seen by several participants as constituting a ‘grey zone’ regarding seriousness of conditions. PGT-P was associated with potentially going too far and a slippery slope to testing for less serious/non-medical indications, which participants were fearful about. Non-medical screening as well as broad screening for multiple indications was associated with striving towards perfection, which was seen as in line with such tendencies in society more widely, such as beauty ideals. Participants related this to creating children ‘à la carte’, which they viewed as unethical and leading to “a twisted society” (C15F). A few participants associated non-medical selection with eugenics, calling it “almost Nazi-like” (C16F), while another participant described it as “the epitome of American superficiality” (C01M). Participants also could not imagine wanting to undergo IVF for non-medical selection. It was said that these elements should not matter if you want a child:
“I think if people go to such lengths to have a perfect child, those are people who shouldn’t have children. Because life is not that perfect.” (C08F)

Ethical considerations for potential PGT-P implementation
Related to perspectives on the scope of PGT-P, many participants indicated that perhaps PGT-P would only be worthwhile if there is a concrete rationale to use it, and that it should not be an option just because one generally wants the best for one’s child. Most participants found it more justifiable if PGT-P would be offered for those with a polygenic condition in the family, similar to how PGT-M/SR is offered currently, rather than broader embryo screening for the general public – though issues of uncertainty and psychosocial consequences still remained. It was for example said that PGT-P should be comparable to PGT-M/SR in the “sense that it has to be sufficiently important, you know, not just convenience” (C02F). Focusing on more than specific hereditary disorders was seen as “ethically irresponsible on many levels” (C07F). Participants said that this could lead to many embryos being discarded, complex choices, a fear of getting pregnant naturally and longer waiting times for IVF/PGT. While most participants were against offering PGT-P to everyone, two participants suggested that “from a liberal perspective” (C16M), it would be fair to allow everyone to access PGT-P.
Additionally, because small risks were generally not seen as worth knowing about and doing embryo selection for, usability of PGT-P was linked to the degree of possible risk reduction. It was said that everyone has certain disease risks and that risks like these are just part of having children, and there should be enough difference between no embryo selection and the potential benefits of selection. Many participants indicated that the risk reduction achievable with PGT-P should be high, but deciding on how much risk reduction would be necessary was seen as difficult and as possibly condition-dependent. Participants who did PGT for BRCA1/2 also compared this risk element with their own PGT, but highlighted that they thought their own risk for BRCA1/2 was quite high. 
Furthermore, when considering PGT-P for either ranking (deciding on the order of embryo transfer but not discarding embryos based on PRS) or selecting embryos (discarding embryos based on PRS), some participants said that they found ranking of embryos based on PRS more ethical and logical than selecting based on PRS, provided it is for a specific indication. This was also seen as more comparable to their own PGT process and embryo ranking within it, and meant no embryos would be rejected solely for its PRS. However, some more complex or problematic elements of ranking were also mentioned. As mentioned earlier, there might not be many embryos available to rank in the first place. Choosing the ‘best’ embryo was by some linked to the idea of made-to-order babies. Participants also raised questions regarding what the difference between the ‘best’ and ‘worst’ would be, and how people would feel if the ‘best’ embryo would not lead to pregnancy. Moreover, various participants said that, generally, people’s priority is embryos that will most likely lead to pregnancy, not picking the ‘healthiest embryo’.
C07F: “I would recommend that, indeed, if you know that there is a family history. That you know, okay, that is very common [in the family], then for that disease element, right, diabetes, or I don’t know what else, yes, I would do that. But I think like that in general… pfff.”
C07M: “I can’t imagine, even if I had millions of euros, that I would go to a clinic and say: ‘ah there, now pick out the best embryo for me’.”
If PGT-P would be implemented in Belgium, participants were generally not in favour of allowing prospective parents to use PRS to determine what they would consider as ‘the best’ embryo. There was large agreement to leave decision-making about selection or prioritization with PGT-P to healthcare professionals (based on their medical knowledge and/or relevant algorithms), in order to protect prospective parents from difficult choices. However, a few participants said that picking the ‘best’ embryo based on PRS might also be ethically complex for healthcare professionals. A few participants preferred for these decisions to be made in consultation between physician and patient. In case of paying out-of-pocket, a few others thought that prospective parents should be able to decide themselves.

Socio-ethical consequences of PGT-P
Some participants related PGT-P and the information and choices it offers with a desire for control about the child’s health. This was described as an illusion of control, as everyone has certain risks and not everything can be avoided or controlled, and you are not in control of whether you will have a child in the first place. Additionally, it was said that if the child would develop a condition without use of PGT-P, “it’s more so of a twist of fate” (C17M). If PGT-P would give an idealised image of the health of the child, it could be psychologically more difficult if the child would develop a certain condition. These possible feelings of blame, expectation, disappointment and guilt were seen as potentially impacting the parent-child relationship:
“Because if you, as parents, focus so hard on certain characteristics, you may always be disappointed in the child you have.” (C01F)
	In that regard, various participants highlighted that there is a need to accept a certain amount of ‘normality’, naturalness and uncertainty, and that there should not be too much focus on control, manipulation and creating ‘super humans’.
“You just have to let nature take its course a bit. Don’t tempt fate too much either.” (C07F)
	Additionally, a few participants worried about potential inequalities and injustice related to PGT-P. They for example mentioned discrimination related to PRS, e.g. having an effect on insurance possibilities of children born via PGT-P or not being allowed into certain schools based on intelligence scores. One participant stated that the price he had to pay for a type of life insurance was already higher because of supposed risk of dying due a predisposition for cardiac issues. He speculated that with PGT-P, this issue might increase, which might mean that for insurance it might be best not to know one’s PRS. Participants were also critical about the commerciality aspect of PGT-P, which as associated with potential inequalities and with striving for financial gain rather than care for patients.

Discussion
Our findings demonstrate that PGT-M/SR patients in Belgium are largely negative about polygenic embryo screening without medical indication and about knowing risk information. Most participants highlighted the difficulties of PGT/IVF treatment and saw PGT-P as a distinctly different option and not worth such a complex medical process. A few however saw potential benefits of PGT-P. Participants generally stated that not everything should be controlled and that knowing PRS of embryos could create a sense of parental responsibility. Screening for non-medical indications was especially seen as ethically unacceptable. If PGT-P would be implemented in Belgium, participants generally preferred limiting access to those with a familial history of a polygenic condition and for choices to be made by healthcare professionals.
These insights into experiences with PGT/IVF add valuable perspectives to the discussion on PGT-P, as this group has experience with IVF plus embryo selection. Their experiences emphasize the psychological/emotional, physical, practical, financial and relational difficulties associated with PGT/IVF that have previously been raised in other studies (Cunningham et al., 2015; Genoff Garzon et al., 2017; Rothwell et al., 2020; Hughes et al., 2021). Our findings illustrate that experience with PGT/IVF seems to affect viewpoints on PGT-P, due to personal knowledge of difficulties of fertility treatment in combination with embryo selection. It also reiterates the wish of PGT patients to draw a line as to what PGT can be offered for (Cunningham et al., 2015; Genoff Garzon et al., 2017; Hughes et al., 2021).
However, interestingly, the perspectives of PGT-M/SR patients in Belgium differ from the attitudes of IVF patients in the United States towards PGT-P, even though both have experience with fertility treatment. IVF patients in the United States mostly expressed interest in PGT-P and saw its benefits, though there were also concerns present regarding the potential harm of the amount of information for IVF patients, the scope of PGT-P, the wish for control, and its effects on parenthood and parent-child relationships (Neuhausser et al., 2023; Barlevy et al., 2024). Potentially the fact that PGT-M/SR users not only have experience with difficulties of fertility treatment, but additionally have experience with genetic selection and consequential discarding of (euploid) embryos and associated limited chances of success plays a role in their more sceptical outlook on PGT-P. Additionally, the cultural context could be a factor in this difference. While IVF/PGT is largely reimbursed in Belgium, in the United States this is paid for out of pocket and there is little to no regulation for PGT (Bayefsky, 2016). It could be possible that the fact that a more consumerist approach to reproductive genetics is present in the United States, opens the doors for more acceptance towards additional embryo testing.
Compared to European and North-American healthcare professionals’ viewpoints, some similar aspects were raised in our study with PGT-M/SR patients in Belgium. These include worries about PGT-P going ‘too far’ with regards to selection, the idea of pressure and responsibility, and anxieties about the child’s health which could affect the parent-child relationship (Siermann et al., 2023; Barlevy et al., 2024; Siermann et al., 2024a). Similarly to various healthcare professionals, many PGT-M/SR patients in Belgium emphasized the prerequisite of having a family history of a polygenic condition(s) in order to make use of PGT-P (Barlevy et al., 2024; Siermann et al., 2024a). Perhaps this was especially crucial for PGT-M/SR patients due to their own experience with PGT and not seeing the value of going through difficult procedures for without having a specific reason to do so. As with PGT-M-SR patients, concerns about the probabilistic nature of PGT-P were also raised by healthcare professionals and IVF patients (Siermann et al., 2023; Barlevy et al., 2024). PGT-M/SR patients related this to their own experience, where they had generally found the idea of (almost) certainty crucial with regards to embryo selection. 
	However, there were also topics raised by PGT-M/SR patients in Belgium that have not been raised much by healthcare professionals. Next to the effect of the participant’s own PGT/IVF treatment referred to earlier, the main distinction was the emphasis that several PGT-M/SR patients put on accepting ‘nature’ and letting some aspect of reproduction remain ‘normal’. While their own PGT treatments could technically be classified as ‘unnatural’ due to the technologies used and selection made, PGT-M/SR patients explicitly differentiated PGT-P from their own PGT experiences. Perhaps this can be related to the illusion of control that PGT-M/SR patients associated with PGT-P as a technology that can screen for multiple conditions and offers no certainty. Additionally, this could be seen as in line with the viewpoint of American IVF patients and a few healthcare professionals that PGT-P “represented a lack of humility in terms of accepting limitations to human control and/or knowledge” (Barlevy et al., 2024, p. 13). Combined with the increasing sense of responsibility that PGT-M/SR patients associated with PGT-P, PGT-P was in that sense seen as going ‘too far’ in terms of what reproduction and parenthood should be like, and thereby as ‘unnatural’.
An aspect that was mentioned by PGT-M/SR patients, but even more so by healthcare professionals, was concern about the scientific knowledge, validity and utility of PGT-P (Siermann et al., 2023; Barlevy et al., 2024; Siermann et al., 2024a). This is perhaps understandable, seeing as healthcare professionals have expertise on the science of PGT that the general public does not have. Furthermore, the issue of PGT-P potentially leading to discrimination of people with the conditions that PGT-P screens for was rarely mentioned by PGT-M/SR patients, whereas this was a concern brought up by healthcare professionals (Siermann et al., 2024a). The potential impact of PGT on people with (included) disabilities and diseases has also been described as an ethical consideration regarding PGT at large (Lemke and Rüppel, 2018). Perhaps this was less so considered by the PGT-M/SR patients in our study because most were themselves affected with the condition they did PGT for, and therefore did not associate PGT as much with stigmatization of that condition (and thereby of conditions in general). Additionally, while the topic of reproductive autonomy was brought up as a reason in favour of PGT-P by some healthcare professionals (Siermann et al., 2023; Barlevy et al., 2024), this element was not mentioned much by PGT-M/SR patients. They more so mentioned the potential complex consequences of knowing PRS of embryos and alluded to this expansion of choices being a ‘burden’ rather than a welcome addition to reproductive autonomy, as has also been highlighted with regards to choices of PGT at large (Zeiler, 2004). In that sense, the fact that most PGT-M/SR patients in Belgium would want embryo selection choices to be made by healthcare professionals rather than prospective parents is also interesting: this not only relates to the ‘burden’ of choice, but perhaps also to the (non-commercial) healthcare setting and a large confidence in the healthcare system in Belgium (Zhao et al., 2019). 
In comparison to studies that have been performed in the United States (Zhang et al., 2021; Meyer et al., 2023; Furrer et al., 2024), where a large degree of public approval and interest for PGT-P was found, the perspectives of PGT-M/SR patients in Belgium were a lot more hesitant and negative. This could again be related to the private healthcare setting in the United States (Bayefsky, 2016). It could also have to do with the fact that the general population might not know how PGT/IVF works and thus might not realize its potential difficulties, as well as potentially be related to how study participants were informed about PGT-P. However, more in line with our study, one study shows that the general population in the United States was more negative about offering PGT-P for non-medical traits, such as physical and behavioural traits, compared to offering it for diseases (Furrer et al., 2024).
[bookmark: _Hlk159323323][bookmark: _Hlk159323202]	A systematic review of decisional needs of those who used or considered PGT made clear that while these users want to make informed decisions, not every type of information is welcomed by them. Especially information that is seen as too detailed and consists of a lot of medical terminology was seen as a barrier to informed decision-making (Cheng et al., 2022). Our study suggests that PGT-P was seen as information that was ‘too much’ by PGT-M/SR patients in Belgium. Furthermore, with regards to (reproductive) genetics at large, e.g. for late-onset monogenic conditions, understanding and counselling of genetic information is seen as a difficulty, especially if uncertainties are involved (Evers-Kiebooms et al., 2000; Soini et al., 2006; Evers-Kiebooms, 2010; Klitzman, 2010). Communicating risk and uncertainty is generally considered complex, and how risks are communicated is relevant for the perception and understanding of risk (Ahmed et al., 2012). This factor also pertains to PRS at large, as studies with adults have demonstrated that it might be difficult to communicate, understand and interpret PRS and relative risk scores (Brockman et al., 2021; Lewis et al., 2022; Peck et al., 2022). With regards to embryo selection, this difficulty of understanding might be especially perilous. These concerns regarding amount and understandability of information might also play a role in the scepticism of PGT-M/SR patients in Belgium towards PGT-P, and are important to consider with regards to counselling in case of implementation of PGT-P.

Limitations
[bookmark: _Hlk164335535]A general limitation is of qualitative research is that the results are not generalizable. The results are also specific to context of Belgium. Due to possible participation bias (e.g. people with unsuccessful treatments perhaps not participating) and recruitment via one fertility centre, the study might not give insights into all possible viewpoints of PGT-M/SR patients in Belgium. The sociodemographic characteristics of the interview participants, such as educational background, do not fully represent the Belgian population at large. Since PGT-P can be complex to understand, it is possible that not every participant fully understood PGT-P – though we tried our best to explain it. While we tried to remain neutral, the information given and questions asked might have also influenced the responses. Due to our choice to interview couples together, getting insights into individual perspectives and opportunities for comparing viewpoints were more limited. Lastly, as was also mentioned by a few participants, PGT-M/SR patients might be one of the most critical stakeholder groups towards PGT-P, as they have experience with the difficulties of both IVF and genetic embryo selection. However, it is exactly for this specific experience and knowledge that we wanted to focus on this group, as they are most aware of the realities of genetic testing, embryo selection and fertility treatments.

Conclusion
In conclusion, our study shows that PGT-M/SR patients in Belgium were largely negative about PGT-P. While a few were positive about technological progress, most felt that the risk information of PGT-P has little added value in relation to the difficulties of PGT/IVF treatments and saw PGT-P as inherently different from PGT-M/SR. PGT-P was seen as introducing unnecessary worries, complicated choices and the potential for discarding too many embryos. PGT-M/SR patients associated PGT-P with creating more parental responsibility and argued that not everything should be controlled and some things should remain ‘natural’. They were against screening for non-medical indications. In case of PGT-P implementation, they thought PGT-P would potentially be valuable for couples with familial history of a polygenic condition and wanted choices to be made by healthcare professionals. While some ethical concerns are in line with earlier stakeholder studies, some other concerns are additionally stressed, e.g. relating to amount of (risk) information wanted and ‘naturalness’ and control. Our study thereby emphasizes the role of experience with fertility treatments and embryo selection in attitudes towards PGT-P. The perspectives of this experienced stakeholder group is crucial to consider with regards to potential PGT-P implementation and guidelines.
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