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Abstract

Singapore, a highly affluent island city-state located in Southeast Asia, has increasingly leveraged new assisted
reproductive technologies (ART) to overcome its dismal fertility rates in recent years. A new frontier in ART is
preimplantation genetic testing (PGT) for polygenic risk scores (PRS) to predict complex multifactorial traits in IVF (in vitro
fertilisation) embryos, such as type 2 diabetes, cardiovascular diseases and various other characteristics like height,
intelligence quotient (IQ), hair and eye colour. Unlike well-known safety risks with human genome editing, there are
negligible risks with PGT-P, because there are no man-made genetic modifications that can be transmitted to future
generations. Nevertheless, the current efficacy of using PGT-P to select IVF embryos for either increased or decreased
probability of developing specific polygenic traits is still far from certain. Hence, the regulatory safeguards proposed here will
be based on the assumption that the efficacy of this new technology platform has already been validated. These include: (1)
restricting the application of PGT-P only for prevention of clinically relevant polygenic disease traits, (2) securely blocking
patients' access to the raw genomic DNA sequencing data of their IVF embryos, (3) validating diagnosis of polygenic
disease traits in the prospective parents/grandparents of IVF embryos, and restricting PGT-P only for preventing specifically
diagnosed polygenic disease traits and (4) mandating rigorous and comprehensive genetic counselling for IVF patients
considering PGT-P. There is an urgent and dire need to prevent abuse of the PGT-P technique, as well as protect the
interests and welfare of patients if its clinical application is to be permitted in the country. © Author(s) (or their employer(s))
2024. No commercial re-use. See rights and permissions. Published by BMJ.

Author Keywords
Genetic Counseling; Legislation; Reproductive Medicine

References
. Ng, A.
Singapore’s total fertility rate drops to historic low of 1.05
Channel News Asia, 2023.
Available: Accessed 7 Apr 2023

+ New Co-funding scheme and extension of Medisave coverage to support eligible couples
in their Parenthood journey,
Ministry of Health Singapore. Available: Accessed 7 Apr 2023

« Siermann, M., Valcke, O., Vermeesch, J.R.
Limitations, concerns and potential: attitudes of Healthcare professionals toward
Preimplantation genetic testing using Polygenic risk scores
(2023) Eur Jd Hum Genet, 31, pp. 1133-1138.

« Kumar, A., Im, K., Banjevic, M.
Whole-genome risk prediction of common diseases in human Preimplantation
embryos
(2022) Nat Med, 28, pp. 513-516.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1832266409&eid=2-s2.0-85193592904 &sort=&clickedLink=... 1/5



9/4/24, 4:12 PM Scopus - Print Document

+ Cao, C.
Hospital makes history with PGT-P technology
China Daily, 2022.
Available: Accessed 7 Apr 2023

+« Meyer, M.N., Tan, T., Benjamin, D.J.
Public views on Polygenic screening of embryos
(2023) Science, 379, pp. 541-543.

« Lazaro-Munoz, G., Pereira, S., Carmi, S.
Screening embryos for Polygenic conditions and traits: ethical considerations for
an emerging technology
(2021) Genet Med, 23, pp. 432-434.

« Sheetal, S., Savulescu, J.
(2021) Polygenic embryo screening: ethical and legal considerations,
The Hastings Center; Available: Accessed 7 Apr 2023

« Nordgren, A.
Designing Preclinical studies in Germline gene editing: scientific and ethical
aspects
(2019) J Bioeth Inqg, 16, pp. 559-570.

+ Chen, Y., Tao, S., Chen, J.
After he Jiankui’s case: Chinese legislative modifications in human embryo gene
editing
(2022) Hum Gene Ther, 33, pp. 1121-1125.

« Zhang, S., Luo, Q., Meng, R.
Long-term health risk of offspring born from assisted reproductive Technologies
(2024) J Assist Reprod Genet, 41, pp. 527-550.

« Ahmadi, H., Aghebati-Maleki, L., Rashidiani, S.
Long-term effects of ART on the health of the offspring
Int J Mol Sci, 2023, p. 24.

« Alteri, A., Cermisoni, G.C., Pozzoni, M.
Obstetric, neonatal, and child health outcomes following embryo biopsy for
Preimplantation genetic testing
(2023) Hum Reprod Update, 29, pp. 291-306.

+ Chin, A.H.B., Al-Balas, Q., Ahmad, M.F.
Islamic perspectives on Polygenic testing and selection of IVF embryos (PGT-P) for
optimal intelligence and other non-disease-related socially desirable traits
J Bioeth Inq, 2023.

« Karavani, E., Zuk, O., Zeevi, D.
Screening human embryos for Polygenic traits has limited utility
(2019) Cell, 179, pp. 1424-1435.

« Turley, P., Meyer, M.N., Wang, N.

Problems with using Polygenic scores to select embryos
(2021) N Engl J Med, (385), pp. 78-86.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1832266409&eid=2-s2.0-85193592904 &sort=&clickedLink=... 2/5



9/4/24, 4:12 PM Scopus - Print Document
+ Polyakov, A., Amor, D.J., Savulescu, J.
Polygenic risk score for embryo selection-not ready for prime time
(2022) Hum Reprod, 37, pp. 2229-2236.

« Herzig, A.F., Clerget-Darpoux, F., Génin, E.
The false dawn of Polygenic risk scores for human disease prediction
J Pers Med, 2022, p. 12.

+« Wittmann, E.
(2004) To what extent were ideas and beliefs about Eugenics held in Nazi Germany
shared in Britain and the United States prior to the second World War Vesalius, 10, pp. 16-
19.

+ Chung, Y.J.
Chapter 14, Eugenics in China and Hong Kong: nationalism and colonialism,
1890S-1940S
(2010) The Oxford Handbook of the History of Eugenics, pp. 258-274.
Bashford A, Levine eds. Oxford University Press

« O’Donnell, D.
The effects of Buddhism on disability rights
Catalyst, 2022.
Available: Accessed 7 Apr 2023

« Sasipornkarn, E.
East Asia grapples with an aging society
(2023) Deutsche Welle,
Available: Accessed 7 Apr 2023

+« Heng, A.
Permitting IVF Polygenic testing is a slippery slope to genome editing in hyper-
competitive Asian societies like Singapore
Bioedge, 2023.
Available: Accessed 7 Apr 2023

« Chan, C.
Don’t judge Hong Kong parents for giving’smart pills’ to Hyperactive children
(2017) South China Morning Post,
Available: Accessed 7 Apr 2023

« Sattler, S., Mehlkop, G., Bahr, V.
Why parents misuse prescription drugs to enhance the cognitive performance of
healthy children: the influence of peers and social media
(2021) Journal of Drug Issues, 51, pp. 461-482.

+ Colaneri, N., Sheldon, M., Adesman, A.
Pharmacological cognitive Enhancement in pediatrics
(2018) Curr Opin Pediatr, 30, pp. 430-437.

« Stevenson, A.
Plastic surgery tourism brings Chinese to South Korea
(2014) The New York Times,
Available: Accessed 7 Apr 2023

« Hill, D.
(2018) China’s fair-Skinned obsession,

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1832266409&eid=2-s2.0-85193592904 &sort=&clickedLink=... 3/5



9/4/24, 4:12 PM Scopus - Print Document
Available: Accessed 7 Apr 2023

+« Smith, C.S.
Risking limbs for height, and success, in China
(2002) N Y Times Web,

« Sparrow, R.
Yesterday’s child: how gene editing for Enhancement will produce obsolescence-
and why it matters
(2019) Am J Bioeth, 19, pp. 6-15.

« Jotterand, F., lenca, M.
(2023) The Routledge Handbook of the Ethics of Human Enhancement,
eds. New York,

« Sorin, H.
(2023) Clinical Ethics At the Crossroads of Genetic and Reproductive
TechnologiesSecond Edition,
ed. MA, USA: Academic Press

« Chin, A.H.B.
Singapore should ban picking genetically best embryos
UCA News, 2022.
Available: Accessed 7 Apr 2023

« Approved providers of pre-implantation genetic testing for Monogenic / single gene defects
and Chromosomal structural rearrangement services,
Ministry of Health Singapore. Available: Accessed 8 Mar 2024

+ Healthcare services (assisted reproduction service) regulations FAQ, p. 2023.
Ministry of Health of Singapore. Available: Accessed 8 Mar 2024

+« Chan, C.L.W., Yip, P.S.F,, Ng, E.H.Y.
Gender selection in China: its meanings and implications
(2002) J Assist Reprod Genet, 19, pp. 426-430.

« Macklin, R.
The ethics of sex selection and family balancing
(2010) Semin Reprod Med, 28, pp. 315-321.

+ Gan, E.
More women in Singapore giving birth in their 40s
(2021) HealthXchange,
sg; Available: Date Accessed 7 Apr 2023

« Magarelli, C.
PGS testing risks
CNY Fertility, 2021.
Available: GS Testing Risks (cnyfertility.com) Accessed 7 Apr 2023

Correspondence Address
Muhsin S.M.; Department of Figh and Usul Al-Figh, Gombak, Malaysia; email: muhsin@iium.edu.my

Publisher: BMJ Publishing Group
ISSN: 03066800

CODEN: JMETD
Language of Original Document: English

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1832266409&eid=2-s2.0-85193592904 &sort=&clickedLink=...

4/5



9/4/24, 4:112 PM

Scopus - Print Document
Abbreviated Source Title: J. Med. Ethics
2-s2.0-85193592904
Document Type: Article

Publication Stage: Article in Press
Source: Scopus

ELSEVIER

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

& RELX Group™

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1832266409&eid=2-s2.0-85193592904 &sort=&clickedLink=... 5/5




