
HEC Forum (2025) 37:267–303
https://doi.org/10.1007/s10730-024-09538-1

Abstract
The possibility of editing the genomes of human embryos has generated significant 
discussion and interest as a matter of science and ethics. While it holds significant 
promise to prevent or treat disease, research on and potential clinical applications 
of human embryo editing also raise ethical, regulatory, and safety concerns. This 
systematic review included 223 publications to identify the ethical arguments, rea-
sons, and concerns that have been offered for and against the editing of human 
embryos using CRISPR-Cas9 technology. We identified six major themes: risk/
harm; potential benefit; oversight; informed consent; justice, equity, and other social 
considerations; and eugenics. We explore these themes and provide an overview 
and analysis of the critical points in the current literature.
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Introduction

Discussion of the prospect of human genome editing has lingered for decades, but for 
years it appeared to be only a distant possibility. Rapid developments, including the 
birth of twin girls in China whose embryos were reportedly edited, have created an 
urgent need to understand and address the ethical and regulatory issues human genome 
editing raises (Greely, 2019). Although many different tools have been developed and 
used for the purpose of gene editing, the most prominent one currently and hence 
the subject of this systematic review is Clustered Regularly Interspaced Short Palin-
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dromic Repeats through CRISPR-associated protein 9 (CRISPR-Cas9, often referred 
to as CRISPR). It provides numerous advantages over older technologies, in particu-
lar its increased efficiency, specificity, ease of use, and relative competitiveness with 
other similar technologies from a cost standpoint (Jinek et al., 2012). Some research 
using CRISPR has focused on editing genes rather than genomes, such as work that 
has been done on people with sickle cell disease (FDA, 2023). These interventions 
affect an individual’s somatic cells, but they do not change the person’s genome and 
thus would not be passed on to future offspring. Editing human embryos, on the other 
hand, involves changes in the genome that would be passed on in the future. Thus far, 
most human embryo editing using CRISPR has been strictly on embryos that would 
not be gestated and allowed to be born, and scientists generally have agreed that 
CRISPR is not yet safe enough to be used clinically to edit human genomes (Greely, 
2019; Jinek et al., 2012). He Jiankui’s work in China was an exception. He’s report 
that he had edited the genomes of embryos to make them resistant to HIV and trans-
ferred the embryos for gestation, a process that resulted in the birth of twin girls as 
well as a third child, sounded alarm bells (Lovell-Badge, 2019).

This systematic review was to designed to analyze the biomedical and bioeth-
ics literature that addresses the use of CRISPR-Cas9 technology for human embryo 
editing to identify the ethical arguments and reasons that have been offered for and 
against heritable human genome editing as well as concerns raised. The literature 
we reviewed addressed four broad categories of potential applications of heritable 
human genome editing using CRISPR-Cas9 technology: to prevent fatal or serious 
genetic diseases such as Tay Sachs Disease and Huntington Disease; to enhance cog-
nitive, physical, or moral capacities; to boost the immune system or confer immunity 
to particular conditions (as in the He Jiankui experiment); and to extend the lifespan 
of otherwise healthy individuals. We identified six major ethical themes and sixteen 
sub-themes. We discovered a range of views on this subject with many publications 
endorsing the use of this technology to edit human embryos, others rejecting its use, 
and most not taking a stance.

Methods

This systematic review followed PRISMA reporting guidelines (Moher et al., 2015). 
The protocol is available upon request. The research question formulated for this 
review was: What are the ethical arguments, reasons, or concerns offered for and 
against the editing of human embryos using CRISPR-Cas9 technology in the bioeth-
ics and biomedical literature?

Search

Our search was conducted on January 29, 2023 and included the use of three data-
bases: PubMed, EmBase, and Web of Science. In PubMed, Web of Science, and 
EmBase, we used the search string: (human) AND ((embryo editing) OR (gene edit-
ing) AND (CRISPR) AND (ethics) to obtain titles and abstracts of relevant articles. 
This search was designed and conducted in consultation with a research librarian 
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(Colleen Foy, MLIS). We included peer reviewed articles, book reviews, letters to 
the editor, opinions or editorials, and theses or dissertations consistent with published 
recommendations (Scherer & Saldanha, 2019) (Paez, 2017). We limited our search 
to English language publications that address human embryos. PubMed and EmBase 
searches consisted of date limits from 2014 to 2023 and Web of Science search con-
sisted of date limits 2015–2023. A fully reproducible search strategy is presented in 
Appendix 1.

Eligibility and Selection

We developed inclusion and exclusion criteria (see Table 1) to guide screening of 
titles and abstracts as well as full texts of each publication. Six team members (LW, 
MC, EL, XM, JS, NT) participated in both screening phases and two team members 
screened each publication during each phase. Publications were excluded based on 
the highest-ranking exclusion criterion. All conflicts were resolved through consen-
sus in team meetings and in consultation with ASI. After title and abstract screen-
ing, full texts were obtained and stored in Zotero. Full text screening results were 
recorded in Covidence. Figure 1 shows the screening process and results.

Data Extraction

Data extraction responsibilities were divided equally among six team members (LW, 
MC, EL, XM, JS, NT). A data extraction tool was designed in Google Sheets. Two 
members of the team extracted data for each article and discrepancies were discussed 
between those two members along with a third member of the team and in consul-
tation with ASI when necessary. Data extracted for each publication included: full 
citation; publication type; ethical argument(s), reason(s), or concern(s) regarding the 
use of CRISPR-Cas9 technology for human embryo editing mentioned; whether the 
author(s) argued for or against human embryo editing using CRISPR or remained 
neutral; the specific applications or uses of the technology mentioned; proposed solu-

Inclusion Criteria Exclusion Hierarchy
1. Written in English
2. Available to us in 
full text
3. Has a primary focus 
on ethical arguments, 
reasons, or concerns 
associated with using 
CRISPR-Cas9 technol-
ogy to edit human 
embryos or human 
genomes

1. Any publication not written or trans-
lated in English
2. Any publication not accessible to us 
online through the university library or 
via inter-library loan
3. Any publication that does not directly 
address human embryo editing or genome 
editing (e.g., addresses gene therapies)
4. Any publication that does not address 
any ethical arguments, issues, or concerns 
regarding the use of genome or embryo 
editing but rather only gives information
5. Any publication that does not have a 
primary focus on ethical arguments, rea-
sons, or concerns associated with using 
CRISPR-Cas9 technology to edit human 
embryos or genomes

Table 1  Inclusion and exclusion 
criteria
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tions or approaches to addressing ethical issues; and the country listed for the first 
or corresponding author. We also included a separate section for notes to document 
other information we deemed important.

Results

After full text screening, 223 publications were included in this systematic review 
(see Appendix 2 for table of included publications). We identified six primary cat-
egories of ethical reasons, concerns, or arguments: risk/harm (n = 178, 79.8%), poten-
tial benefit (n = 127, 56.9%), oversight (n = 196, 87.8%), informed consent (n = 86, 
38.5%), justice, equity, and other social considerations (n = 80, 35.8%), and eugenics 
(n = 59, 26.4%). Analysis of each theme to identify more specific topics yielded six-
teen subthemes, which are displayed in Fig. 2.

Fig. 1  PRISMA Flow Chart (Page et al., 2021)
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Characteristics of Articles

Our literature search yielded 223 articles for inclusion, all published between 2014 
and 2023. We found a high degree of geographic diversity based on the country of 
the first or corresponding author with 29 countries represented in our sample. More 
primary authors came from the United States (n = 104; 46.6%) than any other coun-
try, which was not surprising given that we limited our search to English language 
publications. Other well-represented countries included the United Kingdom (n = 20; 
9.0%), Canada (n = 13; 5.8%), Germany (n = 9; 4.0%), Japan (n = 7; 3.1%), and China 
(n = 7; 3.1%). Our sample also included authors from the Netherlands, Sweden, Bra-
zil, Costa Rica, Ireland, Israel, Jordan, Malaysia, New Zealand, Norway, and the 
Slovak Republic, which each only had one article. For 6 articles, we were unable to 
identify the country of the first or corresponding author.

The most prevalent type of article was a peer reviewed journal article (n = 131; 
58.7%), followed by opinions/commentaries/editorials (n = 74; 33.2%), letters to the 
editor (n = 7; 3.1%), and book reviews (n = 3; 1.4%). The remaining 8 publications 
were marked Other and included 2 reviews, 2 magazine articles, 2 books, and one 
interview. Not surprisingly, we found many more publications that appeared after the 
He Jianku announcement in late 2018. Only one publication in our sample was from 

Fig. 2  Themes
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2014. There were 12 (5.4%) from 2015, 14 (6.3%) from 2016, 31 from 2017 (13.9%), 
21 from 2018 (9.4%), 66 (29.6%) from 2019, 42 (18.8%) from 2020, 24 (10.8%) 
from 2021, and 12 (5.4%) from 2022.

Risks of Harm

Over 80% (n = 182; 81.6%) of included publications identified risk of harm or safety 
concerns associated with using CRISPR to edit human embryos. These fit into three 
broad categories: risks to the embryo, risks to family, and risks to society. Of particu-
lar concern was the safety and efficacy of the technology, specifically the possibility 
of off-target mutations and mosaicism (n = 140, 62.7%) and potential negative effects 
on future offspring/future generations (n = 91, 40.8%).

An overwhelming majority of the 182 articles addressed safety concerns associ-
ated with genetic errors or health implications. The high frequency of mutations jeop-
ardizes the safety and efficacy of CRISPR germline editing, not only for the initially 
edited embryos but also for future offspring. Among the publications addressing 
health and safety concerns for future generations, the primary considerations were 
the emergence of new disease and adverse health effects. Other concerns for future 
generations, such as the need to monitor people for long-term effects, are addressed 
below under Informed Consent.

A total of 78 (34.9%) publications addressed the risk of harm to society. Concerns 
included cloning, generating or exacerbating health disparities, biological weapons 
and warfare, the effect on ethical views or norms in society, and division and potential 
threat to religious views. Some of these are addressed in more detail below.

Potential Benefits

Over half of the publications reviewed (n = 126; 56.5%) addressed the potential 
benefits of CRISPR technology in embryo editing, including potential benefits to 
embryos, parents, and society as a whole. The potential benefits discussed fell into 
two major groups: prevent serious or fatal disease (n = 166; 74.4%) and boost immu-
nity or create resistance to disease (n = 55; 24.7%).

Oversight

The majority of publications reviewed (n = 196, 87.9%) mentioned oversight of 
human embryo editing. We identified three subcategories related to this theme: gov-
ernment regulation and policy development; development of professional or other 
ethical guidelines; and public engagement. In 94 (48.0%) publications, authors 
expressed concern that current laws, regulations, and oversight mechanisms are inad-
equate to govern embryo editing. Many publications described the need for addi-
tional work to promote ethical conduct related to the use of CRISPR technology. 
Many authors called for additional government regulation and policy development 
in the field of human embryo editing (n = 129, 65.8%) or ethical oversight and gov-
ernance (n = 140, 71.4%). Additionally, many authors recommended development 
of professional (n = 86; 43.9%) or international (n = 58, 30.0%) ethical guidelines in 
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response to perceived gaps, with a smaller percentage calling for a moratorium on 
human embryo editing (n = 17, 8.7%). Finally, over half of the publications reviewed 
called for public engagement (n = 108, 55.1%) on human embryo editing. Another 
13 publications (6.6%) proposed solutions that did not fit into the aforementioned 
categories, such as intergenerational monitoring of those who may be genetically 
modified (Cwik, 2017; Shozi, 2020).

A total of 109 (48.9%) publications recommended increased public engagement to 
determine the future of human embryo editing. Public engagement means involving 
the general public as well as affected communities and other stakeholders in open 
and transparent discussion of potential research and applications of the technology 
as well as in developing and implementing oversight or regulation (Iltis et al., 2021). 
Some publications addressed the scope and purpose of public engagement regarding 
human embryo editing. For instance, Scheufele et al. (2021) describe public engage-
ment as “processes and initiatives focused on enabling public participation in the 
responsible innovation and development of new technologies, including the manage-
ment and assessment of technological risk” (p. 1). They identify seven goals for pub-
lic engagement (avoid potential controversy; educate the public; build democratic 
capacity through deliberation; widen representation of voices; solicit input on value 
debates triggered by science; enable responsible innovation; shape policy” (pp. 2–4) 
and explore how these might inform a framework for public engagement on human 
embryo editing. Examples of the engagement they consider include consultations, 
collaborative exercises to identify policy pathways and solutions, and consensus con-
ferences. However, we found that the term ‘public engagement’ often was used with 
little or no explanation regarding the nature or purpose of engagement. For instance, 
Hough and Ajetunmobi (2019) argued for a moratorium on germline editing “at least 
until such time as the international community, in dialogue with the public, has estab-
lished a just and equitable genome-editing framework” (p. 343). Public engagement 
sometimes is proposed as a mechanism for increasing accountability and public trust 
in science, though its efficacy is debated (Petts, 2008; Wynne, 2006; Slack 2018; 
Crowder & Determeyer, 2019).

In 33 (14.8%) publications, authors held that public engagement regarding human 
embryo editing has been inadequate to date. Scheufele et al. (2021) offered a more 
in-depth analysis of why public engagement to date has been inadequate with respect 
to human embryo editing than most publications. These include the difficulty in 
developing and scaling engagement efforts to reach different types of stakeholders, 
the failure to incentivize scientists to pursue public engagement, and the disconnect 
between engagement efforts and policy-making.

Informed Consent

Among the 93 (41.7%) publications that mentioned informed consent, we identified 
three areas of discussion: 73 (32.7%) addressed questions about the need to secure 
the informed consent of the parents or parents and the subsequent potential child; 60 
(26.9%) raised concerns about the informed consent of descendants of genetically 
edited children; and 31 (13.9%) raised concerns about the need for informed consent 
in light of the likely desire to monitor the individuals with edited genomes through-
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out their lifetimes. Such long-term monitoring raises concerns about respect for the 
autonomy of future persons. Among the 93 publications that addressed informed con-
sent, 18 (8.1%) mentioned all three informed consent issues.

Justice, Equity, and Other Social Considerations

Over one-third (n = 80; 36.0%) of the publications reviewed mentioned justice, 
equity, and other social considerations as relevant to evaluating human embryo edit-
ing. Among these we found three sub-categories of concern: public opinion and trust 
(n = 35; 15.7%), socioeconomic inequity (n = 41; 18.4%), and human dignity (n = 58; 
26.0%). Human dignity concerns focused primarily on the possibility that altering the 
human genome would change what it means to be human. Both the Universal Decla-
ration on the Human Genome and Human Rights (United Nations General Assembly, 
1948) and the Convention on Human Rights and Biomedicine (also known as the 
Oviedo Convention)(Council of Europe, 1997) cite this as a reason to reject human 
genome germline editing. Socioeconomic inequity concerns focused on the possi-
bility that due to insurance limits and high costs, affluent individuals would have 
disproportionate access to human embryo editing. Finally, concerns regarding public 
opinion and trust appeared in 35 out of 223 articles (15.7%). These publications typi-
cally proposed increased public engagement to build trust in science and confidence 
that scientists would use and limit human embryo editing appropriately.

Eugenics

Eugenics refers to beliefs and practices aimed at controlling reproduction in order to 
improve the characteristics of human populations (Eugenics, n.d.). Of the 223 pub-
lications reviewed, 60 (26.9%) addressed eugenics. Two major sub-themes emerged 
from these contributions: enhancement (n = 116, 52.0%) and disability (n = 28, 
12.6%). Types of enhancement addressed include cognitive, physical, and moral/
behavioral enhancement. Among the 28 articles addressing disability, some authors 
expressed concerns over the implications that embryo editing to correct or eradicate 
disabilities could have on people with disabilities (n = 20, 8.9%). Other authors advo-
cated for the involvement of individuals with disabilities and disability rights groups 
in discussion of genome editing (n = 11, 4.9%). Some authors spoke positively of the 
possibility of editing embryos to eliminate the presence of disabilities (n = 4, 1.8%).

Authors’ Interpreted Viewpoint

The research team analyzed each publication and interpreted the authors’ stances on 
human embryo editing using CRISPR technology. Articles were sorted into three 
categories based on this interpretation: endorse the use of CRISPR for human embryo 
editing in at least some circumstances, reject the use of CRISPR for human embryo 
editing, or neither endorse nor reject the use of CRISPR for human embryo editing. 
We found 76 (34.1%) endorsing the use of CRISPR for embryo editing under at least 
some circumstances, 30 (13.5%) rejecting it, and 117 (52.5%) neither endorsing nor 
rejecting the use of CRISPR technology for human embryo editing.
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Discussion

This systematic review reveals a wide range of ethical, policy, and social consider-
ations regarding heritable human genome editing using CRISPR-Cas9. We examine 
key issues from our findings as they relate to three primary questions that many 
authors implicitly or explicitly considered and that often are the root of discussions 
regarding the future of human embryo editing: (1) What could go wrong? (2) What 
could go right? and (3) How can we prevent the bad and promote the good?

(1)	 What Could Go Wrong?

Not surprisingly, concerns over the risks of physical harm associated with human 
germline editing, particularly the possibility of off-target mutations, dominated the 
literature. Editing errors can cause serious consequences such as DNA deletion, gene 
mutations, and deletion of entire chromosomes, and these changes will be passed on 
to future offspring (Zhang et al., 2015; Ledford, 2020). Additionally, embryo editing 
could result in mosaicism, meaning that the embryo would have some modified and 
some unmodified cells. Mosaicism can result in intellectual disabilities and delayed 
development, but the consequences in this context remain unknown and difficult to 
predict (Rubeis & Steger, 2018). One author noted that such harms affect not only the 
children born with editing-induced errors but their families, and especially women 
who often have disproportionate caregiving responsibilities (Labude et al., 2022).

In addition to concerns over physical risks, many publications pointed to social 
risks associated with misuse or abuse of CRISPR to create “designer babies’’ or to 
enhance physical, behavioral, or cognitive capacities. Often, authors explicitly or 
implicitly appealed to the controversial treatment/enhancement distinction to jus-
tify some applications of CRISPR and reject others. Disagreements regarding the 
treatment/enhancement distinction involve the plausibility of the distinction itself, 
whether it is morally or practically significant, where and how to draw the line 
between treatment and enhancement, and the implications of categorizing interven-
tions on either side of the line (Anderson, 1989; Bess, 2010; Juengst & Moseley, 
2019; Juengst, 1997; Parens, 1998). Despite these problems, in the literature we 
reviewed, applications to prevent disease, particularly “serious disease,” often were 
described as therapeutic or comparable to other medical treatments whereas potential 
applications to make someone “better than normal” or to provide a “capacity boost” 
were described as enhancements.

Discussion of the possibility of using CRISPR to enhance humans cognitively 
and physically is part of a broader debate regarding human enhancement, though 
the prospect of germline changes raises some unique questions. Views on human 
enhancement in general range from those who object to at least some enhancement 
methods or targets (e.g., Harris, 2011; Levy, 2007; Sandel, 2009; Shermer, 2008) to 
authors who argue that certain forms of enhancement are permissible (e.g., Agar, 
2015; Douglas, 2011) or even morally obligatory (e.g., Crutchfield, 2020; Heinrichs 
& Stake, 2018; Savulescu & Persson, 2012) and perhaps essential to the survival of 
humanity (e.g., Persson & Savulescu, 2011). It is plausible that some advocates of 
general human enhancement would support enhancement via CRISPR although some 
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might favor for other means, such as pharmaceutical or neurotechnological interven-
tions. Among the publications we reviewed, there was some disagreement regarding 
the permissibility and implications of embryo editing to “enhance” humans. Some 
authors defended at least some enhancement applications, such as life span exten-
sion (Alexiou et al., 2020). Others, like Garland-Thomson, argue that it is impermis-
sible to use CRISPR to enhance traits because of the potential consequences, such as 
losing our ability to enjoy the unexpected and interfering with evolution negatively 
(Garland-Thomson, 2020). Another objection to enhancement comes from Sparrow, 
who argues that turning to enhancement could lead to human obsolescence (Spar-
row, 2019). His concern is that ever-evolving genetic “improvements” will result in 
humans who are constantly “outdated” or “older models” that routinely are consid-
ered not good enough, which he holds raises serious social and philosophical ques-
tions. Noting that many characteristics that would be the targets of enhancement, 
such as intelligence and athleticism, are multifactorial and, therefore, not appropriate 
targets of CRISPR technology, Benston holds that these are irrelevant to the human 
embryo editing debate and warns that focusing on these could undermine support 
for human embryo, slowing down progress on research that could provide important 
health benefits (Benston, 2017).

Some objections to using CRISPR for human enhancement were related to con-
cerns regarding equity, justice, and fairness (e.g., de Melo-Martín, 2022; Thompson, 
2019). Such concerns arise frequently when novel, expensive technologies emerge 
(e.g., Cavaliere, 2023; Morrissey & Walker, 2018; Perehudoff et al., 2016; Veatch, 
1994). The hypothesis is that the wealthy would benefit disproportionately, widen-
ing the gap between the social classes and creating greater separation within and 
across societies. In the research ethics literature, discussions of these topics span 
from questions about who has and lacks access to research participation, the fair shar-
ing of research burdens and benefits, the importance of inclusion and representation 
of diverse populations in research, exploitation, and post-trial access to decisions 
about which research areas do and do not receive funding and which interventions 
studied (Beauchamp et al., 2002; Fabi & Goldberg, 2022; Iltis, 2009; London, 2007; 
London & Kimmelman, 2019; MacKay & Saylor, 2020; Phillips, 2011; Sofaer & 
Strech, 2011; Walker et al., 2018; Wendler & Shah, 2015). Much of the literature we 
reviewed focused largely on the possibility of inequitable access to embryo editing 
technology and the implications for widening the gap between the rich and the poor 
(e.g., Bu, 2019; Lee, 2022; Lorenzo & Esquerda, 2019; Macintosh, 2019; March-
ant, 2021; Rulli, 2019; Thaldar et al., 2020). Nevertheless, disparities in use might 
not always be fully explained by ability to pay. For instance, in at least some coun-
tries that cover or subsidize assisted reproductive technology costs, children who are 
conceived via reproductive technologies are on average born to mothers of higher 
socioeconomic status than children conceived naturally (Imrie et al., 2023). In light 
of these patterns, it is plausible that embryo editing technology might be dispropor-
tionately adopted by persons of higher socioeconomic status even if costs are covered 
such that cost might not explain disparate use.

Finally, research on and clinical applications of genetics and genomics are bound 
up with the history of eugenics, and some of the literature reviewed reflected wor-
ries that treating CRISPR as a tool for improving population health could result in 
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it becoming a eugenic tool. While the term ‘eugenics’ often is associated with Nazi 
atrocities that included the widespread killing of human beings deemed to be inferior, 
the United States has its own history of eugenics programs that focused on control-
ling reproduction by persons deemed unfit so as to prevent the birth of “undesirable” 
children (Lombardo, 2008, 2011, 2019). An often-quoted sentiment expressed by 
Justice Oliver Wendell Holmes in Buck v. Bell (274 U.S. 200 (1927) the case in 
which the U.S. Supreme Court affirmed that Virginia’s law permitting the steriliza-
tion of people residing in institutions to promote health and the welfare of society 
was constitutional, captures the views that drove these programs: “Three generations 
of imbeciles are enough” Buck v. Bell (274 U.S. 200 (1927) at 207) The possibility 
of using CRISPR to edit embryos so that only children with the most socially desired 
characteristics are born or to prevent the birth of people with particular characteristics 
raises the specter of this history. It was not surprising to see the worry that embryo 
editing will result in eugenic practices expressed because existing practices designed 
to prevent the birth of children with various conditions or characteristics, namely 
prenatal screening and prenatal testing practices as well as preimplantation genetic 
diagnosis, have been linked to this history (Iltis, 2016; King, 1999; Mehlman, 2011; 
Selgelid, 2014; Thomas & Rothman, 2016).

Eugenic-based objections to preventing the birth of children with certain char-
acteristics often arise in the disability literature (e.g., Eberl, 2022; Hubbard, 2010; 
Miceli & Steele, 2007; Raz, 2005). Two distinct approaches to disability emerged 
in the literature we reviewed. Some, whom we discuss in the next section, saw the 
possibility of reducing or eliminating disability as a positive aspect of this emerging 
technology. Others, however, objected to genome editing to eliminate disabilities. 
For some authors, disabilities themselves are not problems to be deleted from the 
human experience. People with disabilities experience their differences as disabilities 
because of the world around them (Espinoza & Tenorio, 2022; Oliver, 2018). For 
example, members of the Deaf community may see themselves as part of a culture 
that communicates differently from how hearing people communicate rather than 
as “disabled,” and they may believe that editing embryos to confer the ability to 
receive audible input is unwarranted (Katz, 2020; Padden & Humphries, 2020). (For 
a critique of the social construction of disability view, see Anastasiou & Kauffman, 
2013; Terzi, 2004.) Some authors raised other disability-based critiques of eliminat-
ing disabilities through genetic technologies. Such practices: show disrespect toward 
people with disabilities, could lead to an increase in intolerance of persons with dis-
abilities, could result in a decreased willingness to accommodate and support persons 
with disabilities (see, for example, Clifton, 2021; Eberl, 2022; Parens & Asch, 1999, 
2003; Stahl, 2022; Stangl, 2010). Embryo editing to eliminate disabilities also could 
further marginalize people with or regarded as having disabilities and increase the 
stigma associated with having a disability or having a child with a disability (Doxzen 
& Halpern, 2020; Labude et al., 2022; Snure Beckman et al., 2019). Similar con-
cerns have been expressed in the literature on prenatal diagnosis and preimplantation 
genetic diagnosis (Krahn, 2011; McCabe & McCabe, 2011; Watson, 2021).

The physical risks associated with genome editing underscore the importance of 
additional in vitro research on genome editing. Should it be used clinically, there is a 
pressing need for long-term follow-up to assess safety and efficacy. The social risks 
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identified demonstrate the need not only for ongoing research but for robust public 
engagement and additional oversight and regulation as research progresses, as dis-
cussed below.

(2)	 What Could Go Right?

Many authors noted that, despite the risks, human genome editing offers significant 
potential benefits to future children, parents, and society. Among them, there remains 
disagreement over which potential benefits justify which risks, and how much risk 
we should tolerate to secure various potential benefits. Much of the literature empha-
sized the potential to edit human embryos to prevent serious and otherwise incurable 
diseases, such as cystic fibrosis, Duchenne’s Muscular Dystrophy, and Tay-Sachs 
Disease (e.g., Jedwab et al., 2020; Scheufele et al., 2017). For example, in one survey 
of clinical geneticists and certified genetic counselors in Japan, respondents generally 
supported editing genes in somatic cells to overcome serious genetic diseases, but 
just over 30% supported editing the germline to prevent a serious genetic disease, and 
over 95% of those surveyed opposed human embryo editing for non-serious diseases 
or would agree to it only if it was guaranteed to be successful, i.e., it had a 100% suc-
cess rate (Taguchi et al., 2019).

In much of the literature we reviewed, where authors advocated for allowing 
embryo editing only for preventing or treating “serious” or “severe” diseases, a pri-
mary reason for this limitation appeared to be the view that only in those cases could 
the potential benefits justify the risks. This restriction also would prevent some of the 
potential applications of CRISPR that raise the more serious concerns about equity 
and enhancement that some publications raised. A critical issue in these discussions 
is what counts as a serious condition or what criteria a condition must meet to be 
sufficiently serious to justify embryo editing. We noted that although many publica-
tions referred to concepts such as “serious” or “severe” diseases, they typically did 
not define them or offer criteria for categorizing conditions or symptoms as seri-
ous enough to justify embryo editing. Different understandings of these distinctions 
would lead to different judgments about the permissibility of embryo editing for vari-
ous conditions. This is an important omission in the literature given that there is sig-
nificant disagreement even among genetics professionals regarding what counts as a 
serious condition (Chadwick et al., 1998, 2001; Wakefield & Conrad, 2020; Wertz & 
Knoppers, 2002).

An additional consideration in judging when the risks of embryo editing may be 
justified include the penetrance (the percentage of people with a particular genotype 
who exhibit a particular trait) and expressivity (the extent to which a person with a 
particular genotype expresses a particular trait) of a given genotype. If only a small 
percentage of people with a genotype express the phenotype targeted for action, then 
some might judge that the risks of genome editing are too high to justify it. Simi-
larly, if a genotype results in a wide range of phenotypic expression with some much 
milder or less significant than others, different judgments about the justifiability of 
embryo editing risks may emerge.

Beyond incurable and often fatal conditions, there was less evidence of agreement 
on what conditions would be appropriate targets of embryo editing or the circum-
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stances under which embryo editing is permissible, particularly over the long-term. 
For example, one study surveying 500 genetics professionals worldwide found more 
support for embryo editing for conditions that would be fatal in childhood (96.2%) 
or would shorten lifespan or put individuals at risk for sudden death (75.1%) than for 
conditions that did not have a “significant effect on life-span” (41.5%) (Armsby et 
al., 2019). Similarly, the degree of disability that would be associated with a condi-
tion was associated with the acceptability of embryo editing, with 79% supporting 
it when a condition would render a person severely disabled, versus moderately dis-
abled (67.8%), and mildly disabled (37.7%) (Armsby et al., 2019). Some authors 
supported embryo editing to create immunity or resistance to disease (e.g., Cwik, 
2020; Zimbelman, 2022). As reported by van Dijke et al. (2018), some hold that 
prevention through genome editing could be preferable to treatment. Any argument 
against embryo editing for “treatable” conditions requires further clarification of 
what it means for a condition to be treatable (see Bailey, 2009) and whether poten-
tially debilitating and difficult treatments, such as chemotherapy, radiation therapy, 
and surgery, are preferable.

A few publications noted that in addition to benefiting future children who could 
be born healthy when they otherwise would have faced serious conditions, embryo 
editing might benefit parents (Snure Beckman et al., 2019; Williams, 2017). For 
instance, authors of a study that involved interviewing parents of children with aneu-
ploidies, such as Down Syndrome, found that some “felt gene editing could reduce 
abortions of affected fetuses by giving families another option to lessen medical bur-
den” (Snure Beckman et al., 2019, p. 327).

In addition to lowering burdens on families, some authors addressed the possibility 
that embryo editing aimed at preventing serious genetic conditions also could benefit 
societies through reduced healthcare and other costs and increased productivity (van 
Dijke et al., 2018). Some authors invoke the principle of procreative beneficence, 
which describes a duty to have and choose children who are expected to have the best 
life possible, to argue that human embryo editing to remove disease and disability 
ought to be pursued (Malek, 2010; Williams, 2017). In recent years, the question of 
whether prospective parents might have a moral obligation to select against disabil-
ity in their offspring has piqued the attention of many prominent philosophers and 
bioethicists. A commitment to procreative beneficence would lead one to conclude 
that not only may embryo editing be used to eliminate disabilities, but that it should 
be used to eliminate disabilities and conditions that could result in a person living a 
life other than the best one possible. As discussed in the previous section, these views 
have been sharply criticized by many people with disabilities and disability scholars.

Proponents of new technologies who want to see research and implementation 
succeed often are interested in developing guidelines, regulations, and oversight 
to protect the integrity of the system and avoid scandals that could undermine the 
entire field and impede progress. We have seen this in other areas, such as vascular-
ized composite allotransplantation, where pioneers in the field sought to have their 
work brought under the oversight umbrella of traditional solid organ transplantation 
systems (Cendales et al., 2011; Glazier, 2016). Thus, supporters of embryo editing 
because of its potential benefits might also support oversight, regulation, and guid-
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ance to facilitate progress, although they might advocate for different approaches 
than people who oppose or are more skeptical of embryo editing.

(3)	 How can we avoid the bad and promote the good?

Research on embryo editing is one type of human embryo research, which has been 
subject to different regulations, laws, and guidelines in different countries for several 
decades (Matthews & Morali, 2020). A critical reason that embryo research regula-
tion has been complex and subject to different guidelines and laws is the existence 
of competing views of the moral significance of the human embryo (see, e.g., Del-
aney, 2023; George & Tollefsen, 2008; Harris, 1990; Khushf, 1997; Cahill, 1997; 
Warnock, 1984). As early as the 1980s, in the United States, the National Institutes 
of Health (NIH) determined that it would not accept proposals regarding germ-line 
interventions and would fund only gene editing research that involved somatic cell 
interventions (National Institutes of Health, 2019; Walters et al., 2021). In 2015, Dr. 
Francis Collins, then Director of NIH, cited the NIH decision not to accept germ-line 
intervention proposals as part of his rationale for opposing NIH funding for research 
on gene editing in human embryos (Walters et al., 2021). A renewable provision 
included in the Consolidated Appropriation Act of 2016 banned federal funding for 
any research that would intentionally create or modify a human embryo including 
heritable genetic modifications (Cohen & Adashi, 2016; Consolidated Appropria-
tions Act, 2016). However, researchers in the US may conduct this work using private 
funding. Clinical applications of embryo editing will be subject to FDA regulatory 
oversight and approval in the US (Karagyaur et al., 2019). The legal status regarding 
embryo genome editing varies among countries. Some countries such as the United 
Kingdom, allow some research to proceed (Callaway, 2016), whereas Canada crimi-
nally banned embryo genome editing research (Knoppers et al. 2017).

Many publications reviewed noted that embryo editing raises ethical questions 
and has societal implications that existing regulations do not adequately address, 
creating a need for clear regulations, guidance, policy, or oversight of embryo edit-
ing to prevent harm and promote good. It is important to remember that regulations, 
oversight, and guidelines cannot prevent all wrongdoing. It is reported that Chinese 
guidelines in place at the time of He’s experiments prohibited research involving 
heritable genome editing aimed at reproductive purposes (see Li et al., 2019). Despite 
this, He pursued the work that led to the announcement of the birth of “CRISPR 
twins.” In January 2020, He was sentenced to three years in prison by the Chinese 
authorities for the “illegal medical practice” (Cyranoski, 2020). He’s work triggered 
a global outcry and condemnation from scientists, with some calling for a morato-
rium on human germline editing (Hough & Ajetunmobi, 2019). Shortly after He’s 
announcement, in March of 2019, an advisory committee formed by the World Health 
Organization (WHO) concluded that ‘‘it is irresponsible for anyone to proceed with 
human germline genome editing,’’ but stopped short of recommending a morato-
rium (Belluck, 2019, p. A1). In 2021, the Expert Advisory Committee on Developing 
Global Standards for Governance and Oversight of Human Genome Editing of the 
WHO released a report that included two documents: Human Genome Editing: Rec-
ommendations and Human Genome Editing: A Framework for Governance (Cohen 
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et al., 2022). The committee reiterated its 2019 view and urged all those conducting 
or aware of research regarding human germline editing to engage with the committee 
immediately (World Health Organization, 2021). In addition, it recommended that 
the Director General of WHO “’make a policy statement to the effect that somatic 
and germline human genome editing research should only take place in jurisdictions 
with domestic policy and oversight mechanisms’” and discourage individuals from 
traveling to countries with less regulatory oversight to seek gene editing research or 
therapy (Cohen et al., 2022, p. 11, quoting WHO 2021). Although many argue for 
oversight and regulation, there remains a significant lack of clarity and consensus 
regarding what they should entail.

Research regulations and oversight policies often address critical ethical issues in 
the abstract and the challenge is applying them, particularly when research involves 
emerging technologies because there are more unknowns than usual. A special con-
cern in human embryo editing is that embryos are not considered living human sub-
jects according to many existing regulations and policies. Moreover, in the United 
States, even if they were, embryo research would not be subject to federal regula-
tions governing human research at this time because such research cannot be fed-
erally funded by law and the federal human research regulations are binding only 
for federally funded research or research used to generate data to be used in seek-
ing FDA approval. Nevertheless, even if one does not recognize human embryos as 
human beings to be protected by existing regulations or human subjects research 
ethics norms, were editing to be carried out in embryos intended for gestation, it 
would involve research on future persons. This raises serious questions about ethical 
obligations to future persons.

One particularly complex area in considering policies both for research and future 
clinical applications of human genome editing is how the widely accepted obliga-
tion to obtain informed consent would or should apply in the context of heritable 
human genome editing. Informed consent is typically required in both the clinical 
and research settings. Although standards vary regarding when consent is neces-
sary and what is required for valid consent, typically it requires sharing relevant 
information, such as the potential benefits, risks, and alternatives, with authorized 
decision-makers and obtaining their free and voluntary permission to proceed. Ordi-
narily, parents authorize their children’s medical treatment and their participation in 
research. When minors are enrolled in research that will continue after they reach the 
age of majority, often age 18, they must be offered the opportunity to decide whether 
to remain in a study and give their own informed consent to continue participation. 
This could undermine the long-term monitoring of adults whose genomes were edit-
ing and their off-spring because such individuals could decline continued follow-up 
(Dickenson & Darnovsky, 2019).

Research participants routinely are told that they have the right to withdraw from 
research, and many guidelines and regulations stipulate this as a requirement for the 
ethical conduct of research. (e.g., Council for International Organizations of Medical 
Sciences, 2016; Protection of Human Subjects, 2018; World Medical Association, 
2013). The irreversibility of genome editing raises questions about what it would 
mean to withdraw from a study. Parents who agreed to have their embryos edited 
could decide not to proceed with embryo transfer and not pursue pregnancy, effec-
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tively leaving a study that was meant to track outcomes in children. And, despite the 
view that it is important to monitor people born subsequent to genome editing over 
the long-term for safety and efficacy, parents could refuse to have a child followed 
in research (Dickenson & Darnovsky, 2019). Beyond refusing to be monitored, it 
is unclear what it would mean to have a right to withdraw from research involving 
genome editing given that there is likely no possibility of “undoing” the edits.

As gene editing research advances, a major question for oversight bodies will be 
when, if ever, it is safe enough to study in human embryos intended for gestation. 
Critical questions will include when, for what purposes, and in whom embryo editing 
may be studied. Proponents of the precautionary principle, which holds that a new 
technology may not be used until we can be reasonably certain that a technology is 
safe and does not introduce risk, will require a very high standard of proof. They 
prefer to avoid any risk that a technology introduces regardless of the costs of delay-
ing, including the potential benefits of implementation (Cranor, 2004; Kopelman et 
al., 2004). Others will disagree, tolerating varying levels of unknown risk in light 
of the potential benefits. Determining who will make these judgments and how is 
an important part of developing policies, regulations, and oversight mechanisms for 
genome editing.

An additional important consideration that emerged in much of the literature 
we reviewed was the role of the public in assessing research on and applications 
of embryo editing. Calls for public engagement often arise in literature regarding 
emerging technologies and novel research areas (Adashi & Cohen, 2022; Bubela, 
2006; Frith, 2023; Hurlbut et al., 2018; Iltis et al., 2021; Lander et al., 2019; Lovell-
Badge et al., 2021; Matthews & Iltis, 2019; Sugarman et al., 2023). Such engage-
ment can help to promote accountability and consideration of all stakeholders in 
developing guidelines and policies as well as help to build public trust in science. 
Despite frequent calls for public engagement, there has been little attention to defin-
ing it, identifying and justifying an account of the “public” or the “stakeholders” to 
be engaged, actively using effective practices to engage the public, articulating the 
specific purposes and goals of engagement, or clarifying how to use results to inform 
research and practice (Iltis et al., 2021). An additional problem is that authors some-
times appear to conflate public engagement with public communication or outreach. 
Engagement requires multi-way communication and information sharing, with all 
parties meaningfully contributing to a dialogue. Outreach and communication, on 
the other hand, involve primarily information delivery rather than active listening 
and consideration of other viewpoints (Iltis et al., 2021). While many authors in our 
review mentioned public engagement and the importance of public trust, many of the 
publications reviewed did not address these topics substantively. For instance, they 
offered no indication of who constitutes “the public,” what public engagement might 
entail, the goals of such engagement, or how it might inform and change research. 
Public engagement regarding human embryo editing thus far has been limited (e.g., 
Nuffield Council on Bioethics, 2018; National Academies, 2017; Ginsburg et al., 
2021; Houtman et al., 2023; Thaldar et al., 2022; Conley et al., 2023; Iltis et al., 
2021). Several author groups have recommended pathways toward improved public 
engagement regarding embryo editing (e.g., Iltis et al., 2021; Jasanoff et al., 2019; 
Sugarman et al., 2023). It remains unclear whether substantial public engagement 

1 3

282



HEC Forum (2025) 37:267–303

efforts are forthcoming. While many scholars advocate for it, it is possible that some 
scientists might hesitate to engage the public out of fear of public reaction, such as a 
concern that it could lead to efforts to ban this research or to further restrict funding 
for it.

This systematic review has several limitations. First, although primary authors 
represented at least 15 countries and some publications included authors from mul-
tiple countries, we included only articles that were published in English. We may 
have missed themes that appear only in literature written in other languages. The 
language restriction likely reduced the geographic diversity of included publications. 
We also omitted 23 publications that were unavailable to us. In categorizing the 
authors’ stances toward human embryo editing, it is possible that we misinterpreted 
some positions despite using two reviewers per publication and discussing any con-
flicts with other team members. We limited our search to publications that addressed 
human embryo editing using CRISPR-Cas9 technology because this is the technol-
ogy that has been widely discussed in recent years. However, other human embryo 
editing technologies are under investigation and we did not search for publications 
that addressed those (Gaj et al., 2016; Li et al., 2020). This review included publica-
tions found in only three databases and that appeared between 2014 and January 29, 
2023. This is a rapidly developing research area and considerations introduced after 
our search date, if any, are missing. It is possible that we failed to identify some rele-
vant publications despite working with a reference librarian to design and execute the 
search strategy. This review did not assess the quality or significance of the included 
publications because the goal was to generate a broad overview. Finally, we did not 
design our data extraction process to assess the intensity or significance of any ethical 
concerns that were identified in the literature.

Conclusion

The embryo editing literature addresses a broad range of ethical, social, and regula-
tory issues. Many publications call for additional policy, regulation, oversight, ethics 
guidelines, public engagement, and pauses or moratoria on editing human embryos 
intended for gestation, reflecting a sense of urgency and concern regarding further 
implementation of human embryo editing. At the same time, much of the literature 
focuses on the potential promise human genome editing offers to improve health and 
prevent disease, with some authors raising concerns about hindering research and 
translation.

Preventing experiments such as the one performed by He Jiankui while facilitat-
ing high-quality research requires continued efforts to improve monitoring both from 
within and beyond the scientific community. It also requires greater clarity regarding 
the types of research and applications of human embryo editing that are and are not 
permissible and the conditions under which such work may be carried out. Develop-
ing policies, guidelines, and standards in this area requires robust public engagement 
and transparency regarding the goals of such engagement and plans for how informa-
tion generated will be used.
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Appendix 1: Search Strategy

Database: PubMed.
Search String: (human) AND ((embryo editing) OR (genome editing)) AND 

(CRISPR) AND (ethics).
Keywords: human, embryo editing, genome editing, CRISPR, ethics.
Limits: English language publications, human species, 2014–2023.
Database: EmBase.
Search String: (human) AND ((embryo editing) OR (gene editing)) AND 

(CRISPR) AND (ethics).
Limits: English language publications, human, 2014–2023.
Database: Web of Science.
Search String: (human) AND ((embryo editing) OR (genome editing)) AND 

(CRISPR) AND (ethics).
Keywords: human, embryo editing, genome editing, CRISPR, ethics.
Limits: English language publications, 2015–2023.
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