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Abstract

Over the past decade, bioethicists, legal scholars and social scientists have started to investigate the potential implica-
tions of epigenetic research and technologies on medicine and society. There is growing literature discussing the
most promising opportunities, as well as arising ethical, legal and social issues (ELSI). This paper explores the views

of epigenetic researchers about some of these discussions. From January to March 2020, we conducted an online
survey of 189 epigenetic researchers working in 31 countries. We questioned them about the scope of their field,
opportunities in different areas of specialization, and ELSI in the conduct of research and knowledge translation. We
also assessed their level of concern regarding four emerging non-medical applications of epigenetic testing—i.e., in
life insurance, forensics, immigration and direct-to-consumer testing. Although there was strong agreement on DNA
methylation, histone modifications, 3D structure of chromatin and nucleosomes being integral elements of the field,
there was considerable disagreement on transcription factors, RNA interference, RNA splicing and prions. The most
prevalent ELSI experienced or witnessed by respondents were in obtaining timely access to epigenetic data in exist-
ing databases, and in the communication of epigenetic findings by the media. They expressed high levels of concern
regarding non-medical applications of epigenetics, echoing cautionary appraisals in the social sciences and humani-
ties literature.
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Introduction

The field of epigenetics sheds light on molecular mecha-
nisms involved in the regulation of gene expression [1, 2].
Over the past decade, a growing number of bioethicists,
legal scholars and social scientists have commented on
the potential implications of scientific and technologi-
cal developments in epigenetics on medicine and society
[3—6]. Among enthusiastic appraisals, the field is believed
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to offer a deeper understanding of the developmental
origins of health and diseases, biosocial and molecular
processes through which diseases and health disparities
come into being, and public policies which could con-
tribute to preventing them [7-9]. Promising avenues also
include the use of epigenetic technologies for disease
prediction, diagnosis and treatment [10-12].

At the same time, ethical, legal and social issues (ELSI)
have been identified, ranging from concerns about the
protection of privacy of epigenetic research participants
[13-15], to risks of discrimination based on individual
epigenetic information [16]. ELSI may arise in the con-
duct of epigenetic research, where researchers may
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wonder which research results or incidental findings
should be considered medically relevant and disclosed to
study participants [17]. ELSI may also arise in the knowl-
edge translation processes, for example, concerns have
been reported about the often premature, incomplete or
misleading communication of scientific findings in epige-
netics by the media [18, 19].

When it comes to the risks of misuse of individual epi-
genetic information, policies have been adopted by many
countries over the past 25 years to prevent genetic dis-
crimination [20]. However, because these policies focus
on “genetic characteristics” and “the results of genmetic
tests,” they don’t seem to provide a regulatory framework
for the use of epigenetic information [21, 22]. This gap in
oversight may be problematic considering the growing
interest of multiple stakeholders in using epigenetic tech-
nologies, including life insurance companies, forensic
investigators [23-27] and immigration agencies [28—-30].
The rapid growth of the consumer epigenetics industry
is also raising questions in terms of the scientific valid-
ity of the tests that are advertised and sold online [31],
as well as the level of compliance of direct-to-consumer
epigenetic testing companies with best practice standards
and regulations on health technologies developed for the
consumer genomics industry [32].

The question of whether epigenetic research and tech-
nologies call for new or amended policies against poten-
tial unethical use, and if so, how they should be designed,
is a complex one. First, epigenetics calls for a reflection
on what biological properties make genetic variants ethi-
cally sensitive (and conceptualized as worthy of legal pro-
tections) and to what extent these properties are shared
by epigenetic variants [15]. Some people may perceive
epigenetic variants as being “similar enough” to genetic
variants to be worthy of legal protections—considering
for instance correlations between specific genetic and
epigenetic variants, the pre-birth programming of many
epigenetic variants, and the stability of many of those
alterations over a person’s lifetime. Others may argue
that epigenetic variants are substantively distinct and
therefore do not warrant such protections—considering
for instance the plasticity and reversibility of some epige-
netic variants, and the degree of control individuals are
potentially able to exert over epigenetic programming
[33-36].

Second, policymaking necessarily faces important con-
ceptual and semantic challenges. Indeed, it is unclear
what type of biological variants should be considered
“epigenetic” variants and be regulated as such. Some peo-
ple may be inclusive and consider gene expression regu-
lating mechanisms such as transcription factors and RNA
interference as falling within the scope of the field, while
other people may refer only to DNA methylation and
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histone modifications when speaking of epigenetic vari-
ants [37, 38]. There is even uncertainty on whether DNA
methylation and histone modifications should be treated
as being “similarly epigenetic,” or whether their biologi-
cal properties differ in such a way that the two ought not
to be conflated in policymaking. As observed by Lappé
and Landecker [39], and in contrast to what is often pre-
sumed [40, 41], DNA methylation does change the linear
DNA sequence when it changes cytosines into methyl-
cytosines. Therefore, from a policy interpretation per-
spective, DNA methylation could arguably be conceived
as a genetic process and thus fall within the jurisdiction
of policies against genetic discrimination. However, this
would not be the case with histone modifications.

To better understand ELSI arising in epigenetics and
the way they are perceived by those working in the field,
we conducted an international survey of epigenetic
researchers (n=189), soliciting their opinions on the
field’s scope, their experiences of ELSI in the conduct of
research and knowledge translation activities, and their
level of concern regarding four non-medical applications
of epigenetics in development or already in use, i.e., in life
insurance, direct-to-consumer testing, immigration and
forensics. This study was an opportunity to put analy-
ses of the potential implications of epigenetics—most
of which have been anticipatory and speculative—to the
test by having them appraised by scientists conducting
epigenetic research. The goals of this study were, first, to
identify areas of consensus and divergence on emerging
issues across the international community of epigenetic
researchers, and second, to better understand some of
the underlying reasons for hopes and concerns.

Methods

Survey design

Informed by our previous research on the ELSI of epi-
genetics and complementary literature from the social
sciences and humanities, we developed a mixed-method
survey designed specifically for epigenetic researchers.
The survey questionnaire was distributed online using
the SurveyMonkey platform. It consisted of 20 ques-
tions of different formats (multiple choice, Likert scales,
close-ended and open-ended), allowing for the collec-
tion of both quantitative and qualitative data. It included
questions about eligibility, socio-demographics, level of
expertise and areas of specialization. Research questions
touched on scope, opportunities, challenges and non-
medical applications of epigenetic technology.

Recruitment

We recruited individuals with substantial past or cur-
rent research experience in epigenetics. Our recruitment
strategy was multimodal. First, we used a combination
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of convenience and purposive sampling to create a list
of 1000 potential respondents based on publicly accessi-
ble lists of faculty/alumni in epigenetic research centers
and organizations (e.g., the International Human Epi-
genome Consortium—IHEC), participants to relevant
international conferences, members of editorial boards
of top-tier journals in the field, and most prolific epige-
netic researchers according to Google Scholar. Using a
methodology adapted from Larregue et al., we identified
the 40 countries from which most publications (97.3%) in
epigenetics came between 2001 and 2019 [42] and paid
special attention to inviting researchers working in these
40 countries. Second, we encouraged previously identi-
fied epigenetic researchers to disseminate the link to the
survey through email, Twitter and other relevant net-
works, expanding our reach via snowball sampling.

Data collection

From January to March 2020, we sent potential respond-
ents an initial personalized invitation email with our sur-
vey link, followed by two reminder emails. C.D. posted
the link to the survey on Twitter on three different occa-
sions inviting colleagues to participate and/or share.
These posts were re-tweeted by organizations associated
with epigenetics, and researchers with international rec-
ognition in the field. T.K. also contacted persons in major
epigenetic research centers based on ScienceDirect. As
the population size and composition are unknown and
impossible to determine with precision, the initial sample
size target was 273 respondents (CL 90% with 5% error);
however, time and recruitment constraints yielded a final
sample size of 189 respondents (CL 90% with 6% error).

Data analysis

Quantitative analysis

For each research question in the survey, we computed a
proportion of the response independently for two groups
(Fig. 2A). Group differences were obtained by subtract-
ing these proportions. To assess differences in the pro-
portion of the responses between respondent groups,
we performed a series of Monte Carlo permutation tests
[43, 44]. For each respondent subgroup division indepen-
dently, we randomly shuftled respondent subgroup labels,
computed the proportion of positive responses according
to the new shuffled group labels, and subtracted those.
This procedure was repeated 10,000 times to simulate the
null hypothesis that group membership and proportion
of the response were unrelated. To assess the significance
of response differences between groups, we compared
the observed proportion difference to the simulated null
distribution. If the actual group difference in proportion
of the response fell within the top 5% of the simulated
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null distributions of differences, we rejected the null
hypothesis (Fig. 2B).

Qualitative analysis

The four questions on non-medical applications of epi-
genetics garnered the greatest volume of qualitative
responses: 124 of the 189 researchers who completed
the survey in its entirety wrote in comments regarding at
least one of the four non-medical applications (99-119
comments/question). Inductive thematic analysis was
conducted by T.K. using the software NVivo 12 [45, 46].
This method was chosen because the themes emerge
directly from the data itself, minimizing coder bias. The-
matic analysis systematically considers not only manifest
content but also themes and core ideas found in the text
to represent and summarize key meanings in a qualita-
tive data set. Themes emerged both within and across the
four questions and were not mutually exclusive: i.e., a sin-
gle response could be attributed to several themes. Topics
needed to show up in 5% of the qualitative responses for a
specific question to be considered a theme (n=>5-6). N.P.
then validated the coding and coding counts under each
theme and some coding was modified as necessary. For
the other questions that included qualitative responses
but for which we obtained a smaller volume of comments
(8—22 per question), thematic analysis was conducted in
Microsoft Excel. Reporting of study design and results
was done in light of the consolidated criteria for report-
ing qualitative research (COREQ) [47].

Ethics approval

This study received a Certification of Ethical Acceptabil-
ity for Research Involving Human Subjects by the McGill
University Faculty of Medicine Institutional Review
Board on November 11, 2019 (Project #A10-E67-19A;
19-10-034).

Results

Respondents

Among the 238 individuals who accessed the survey, 219
completed the eligibility questions and qualified for the
questionnaire (eligibility rate=92.0%). Thirty of them
filled the questionnaire partially, and 189 in its entirety
(completion rate = 86.3%).

Respondents reported working in various regions
(n=31), including Australia, Austria, Belgium, Bra-
zil, China, Croatia, Finland, France, Hong Kong, India,
Iran, Italy, Japan, Luxembourg, Mexico, Netherlands,
New Zealand, Norway, Poland, Russia, Saudi Arabia,
Singapore, South Korea, Spain, Sweden, Switzerland
and Taiwan (Table 1A). However, 62.5% reported work-
ing in one of the top four most represented countries
(the USA, Germany, Canada and the UK). Although
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Table 1 Respondent characteristics (n=189)

A. DEMOGRAPHICS B. EXPERTISE
N% N% N%
N | o un 47009 yes 135(7L.4) Full Professor  61(32.3)
18-39 83(43.9) : no 27(14.3) Associate Professor 28(14.8)
40-59 84(44.4) CERMANY 26(13.9) not sure, Assistant Professor 33(17.5)
5(13. prefer not to answer .
. CANADA  25(13.2) fer not t 27(14.3)
39(20.6,
60-79 22(11.6) UK 20(10.6) Posldoclo;alsr‘es’esa/:hh;/r ( )
aster
NETHERLANDS  7(3.7) doctoral student 17(9)
Currently 178(94.2) Academic Associate 3(1.6
SWITZERLAND  7(3.7) y
male 102(54.0) AUSTRALIA  6(3.2) In the past 11(5.8) Research Associate 6(3.2)
female 77(40.7) Others(n=24)  42(22.2)
other genders,
fer not to answer 10(5.3)
prefer et e Highest lessthanayear  3(1.6) 0 Publication  10(5.3)
completed ;;‘ years jzg’; 1-4 Publications 47(24.9)
first language -9 years . ) o
Doctorate  168(88.9) 10-14years 41(21.7) 5-10 Publications 35(18.5)
yes 72(38.1) Masters  15(7.9) 1519 years 27(14.3) 11-15 Publications 20(10.6)
no 108(57.1) Undergraduate  3(1.6) 20-24years  17(9.0) 16-20 Publications  6(3.2)
9(4.8,
n/a 94.8) Secondary  1(0.5) 25 years and more  22(11.6) More than 20  71(37.6)
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C. INTERESTS

humans

non-human
animals

fungi

plants

no

not sure,
prefer not to answer

N%
121(64.0)
55(29.1)
3(1.6)

2(1.1)

16(8.5)
173(91.5)

13(6.9)
171(90.5)

. 5(2.6)

Disease Epigenetics
Functional Epigenetics
Developmental Epigenetics
Methods in Epigenetics
Enviromental Epigenetics
Epigenetics inheritance
Predictive Epigenetics
Pharmacological Epigenetics
Diagnostic Epigenetics
Nutritional Epigenetics
Behavioral Epigenetics
Social Epigenetics

yes

no

not sure,
prefer not to answer

N%
108(57.1)
88(46.6)
81(42.9)
47(24.9)
41(21.7)
26(13.8)
20(10.6)
16(8.5)
14(7.4)
13(6.9)
10(5.3)
9(4.8)

16(8.5)
169(89.4)
4(2.1)

more than half (57.1%) did not speak English as their
first language, almost all respondents (97.9%) reported
conducting their research in English only.

The group was composed of 43.9% early-career
(18-39 years old (y/0)), 44.4% mid-career (40-59 y/o)
and 11.6% late-career (60-79 y/o) researchers. Fifty-
four percent of participants identified as male, 40.7%
as female, and 5.3% responded “other/prefer not to
answer.” Respondents were highly educated, with 88.9%
having completed a doctorate degree, 64.6% holding a
position of Professor (Full, Associate or Assistant) and
more than two-thirds (71.4%) self-identifying as experts
in epigenetics (Table 1B).

Most respondents (94.2%) shared that they currently
conduct research in epigenetics, while 5.8% did so in
the past. Most (80.9%) relayed more than 5 years of
experience conducting research in the field and 20.6%
more than 20 years in the field. More than half of
respondents (51.4%) stated they have published at least
10 peer-reviewed papers in the field, and 8.5% had been
involved in the publication of an article related to the
ethical, legal and social implications of epigenetics.

Researchers qualified their specialization most often
as being within the subfields of Disease Epigenetics
(57.1%), Functional Epigenetics (46.6%), Developmen-
tal Epigenetics (42.9%), Methods in Epigenetics (24.9%),
and Environmental Epigenetics (21.7%) (Table 1C).
Sixty-four percent of all respondents have conducted
research concerning humans. A few participants
(6.9%) have served as consultants for private compa-
nies commercializing epigenetic technologies, and 8.5%
reported holding shares in such companies.

Scope of the field

The first set of research questions aimed at determining
which among different types of biological variants were
perceived by respondents to be included in the field of

epigenetics. There was little disagreement over the inclu-
sion of DNA methylation (0%), histone modifications
(0%), the 3D structure of chromatin (2.65%) and nucle-
osomes (3.7%). As shown in Fig. 1, challenges inherent to
defining the scope of epigenetics are best illustrated by
the distribution of responses as to whether the study of
interfering RNA, transcription factors, RNA splicing and
prions should be considered as research in epigenetics.
Junior researchers appeared to have divergent opin-
ions from their senior counterparts regarding the inclu-
sion of transcription factors, RNA splicing, and prions
(see Fig. 2). Respondents having less than 10 years of
experience in the field, and those with no more than
10 peer-reviewed publications, more often believed
epigenetics includes the study of RNA splicing. Simi-
larly, respondents with less than 10 years of experience
more often believed epigenetics includes the study of
transcription factors. By contrast, respondents who

100 m strongly agree
90 = somewhat agree
80 o neither agree nor disagree
70 o somewhat disagree
» )
- o strongly disagree
S 60 gly 9
he]
& 50
Q
(2]
o 40
—
o
* 30
20
10
0 & O
N R g ] o . 2]
o S & @ . @{\ & &F &
& & @% & fo\o R R N
@ N O N N Q) 2
& & & & & <
Fig. 1 Epigenetic researchers’ perceptions of the scope of their field
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Fig. 2 Influence of respondent characteristics on responses to research questions. A Proportion (%) of respondents in response group 1 (positive)
for each group of respondents (see Additional file 1). B Difference between proportions in (A) (gray boxes not statistically significant)

are professors, 40 y/o or greater, and have 10+ years
of experience in the field more often believed that
the study of prions should be considered part of the
field. Respondents who did not identify as male more
often responded that epigenetics includes the study of
RNA splicing and the 3D structure of chromatin, and
researchers working outside of the USA were also more
likely to include the latter in their field than researchers
working in the USA.

Most promising opportunities

The second set of questions in the survey asked research-
ers to rank the most promising medical opportunities
offered by epigenetic research among five areas:

toxicity assessment: assessing the biological effects of
different products or devices, for instance in clinical
trials;

disease prevention: identifying causal factors of dis-
eases and preventing them;

risk prediction: anticipating future diseases;
diagnosis: detecting diseases more accurately or at
earlier stages; and,
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+ treatment: developing interventions that can cure or
alleviate some diseases.

All five potential applications generated enthusiasm
from a significant number of respondents, a few of them
commenting that these are very challenging to rank
(n=6). However, diagnosis was preferred (ranked 1st by
most respondents; 34.9%), and toxicity assessment was
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Fig. 3 Epigenetic researchers’ perceptions of the most promising
areas in their field (Question: According to you, the most promising
opportunities epigenetics hold are for...)

perceived as the least promising (ranked 5th by most
respondents; 40.7%). Figure 3 presents the results of this
ranking exercise.

Senior researchers (professors and respondents with
10+years of experience) more often ranked treatment
within the top 2 most promising opportunities offered
by the field, whereas junior researchers were more
inclined to rank disease prevention in the top 2. A simi-
lar discrepancy was observed based on the regions where
respondents conduct their research. Respondents work-
ing outside of the USA more often believed diagnosis
ranks in the top 2, whereas those in the USA more often
believed toxicity assessment ranks in the top 2. The type
of research conducted by respondents also seemed to
influence their ranking. Respondents conducting their
research at least in part on external factors influencing
epigenetic modifications (i.e., in the subfields of nutri-
tional, behavioral, environmental and social epigenetics)
more often prioritized risk prediction and disease pre-
vention, whereas those not conducting their research at
least in part in these four subfields more often prioritized
diagnosis and treatment.
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Conduct of research

Regarding the conduct of research, ethical challenges or
dilemmas were most frequently experienced or witnessed
by respondents in relation to trying to access epigenetic
data in existing databases (29.1%) and obtaining eth-
ics approval for their research projects (23.3%) (Fig. 4).
Respondents conducting research on external factors
influencing epigenetic variants more often reported hav-
ing experienced problems accessing epigenetic data and
witnessed challenges regarding the protection of research
participants’ privacy (Fig. 2). Overall, quantitative find-
ings and qualitative comments (n=7) suggest that there
are practical barriers to reaching a productive balance
between privacy protection and research advancement.
Researchers observed that privacy concerns come about
because: ‘epigenetic data can be equally ‘identifiable’ as
genetic data, and therefore there can be ethical concerns
about making the data publicly available” (P39) and that
policies mandating data sharing and depositing in pub-
licly accessible databases may impede participant recruit-
ment by “making participants less willing to participate
given we need to ask if we can share their data in this way”
(P111). At the same time, “overstatement of (epi)genetic
determinism or personal identifiability can place barri-
ers due to overvaluing of the data” (P71). Some research-
ers added that the challenges in reaching this balance are
compounded by both practical and perceived overlap
between the fields of genetics and epigenetics and shared
several examples (n=>5): “justifiably or not, participants
and ethics boards cannot tell it [epigenetic data] apart
from other gemetic data” (P71); “it was challenging to
discuss epigenetics with our ethics board on a study that
had collected samples for genetic testing in an earlier era
where we did not foresee that the DNA could also tell us
about recent human behavior beyond the genes” (P155).
In the words of one respondent: “We need to find a better
balance between protecting against perceived threats and
enabling research. [...] We need to work together to find a
solution” (P178).

Knowledge translation

The communication of scientific findings in epigenet-
ics by the media was the issue that generated adversarial
experiences for the highest proportion of respondents
(43.9%) (Fig. 4). Some expanded on the issue (n=20),
describing communication as often “inaccurate,” “exag-
gerated,” “premature” and/or “misleading” Respond-
ents attributed this to three factors. First, ‘epigenetics is
a complex topic that requires some biology background
to understand. It’s difficult to convey these concepts to
the lay population and journalists to engage them in the
research” (P34). Second, because the media have com-
mercial interests in vetting and framing the information
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Fig. 4 Epigenetic researchers’ experiences of ethical challenges and dilemmas (faced or witnessed) in the conduct of research and knowledge
translation

to attract readers, communication of findings is ‘often
way over-hyped and suggests biological links that are not
validated by data” (P116). Third, some felt that research-
ers and research institutions could be more rigorous in
their communication to the media and avoid “over-claim-
ing of significance of studies in press releases by scientific
institutions” (P101). Exaggerated statements of individual
control over epigenetic variants, and transgenerational
epigenetic inheritance, were most frequently reported.
Respondents also criticized the instrumentalization
of hype surrounding epigenetics for commercialization
purposes, such as the marketing of cosmetics (n=>5).

Non-medical applications

As shown in Fig. 5, most researchers were concerned by
emerging non-medical applications of their field. Levels
of concern varied across respondents and across the four
applications. A high proportion reported being either
“very” or “extremely” concerned regarding the potential
use of epigenetic tests in insurance (69.4%), immigration
(49.8%) and by direct-to-consumer testing companies
(48.1%). Forensic applications generated less concern,
with only 25.9% of respondents being either “very” or
“extremely” concerned and almost half (48.6%) either
“not at all concerned” or only “slightly concerned”.

Life insurance

Life insurance was the most unpopular non-medical
application among survey respondents, with 94.7% being
concerned to some extent, including more than two-
thirds (69.3%) being “very” (22.7%) or “extremely” (46.6%)

concerned. This application also garnered the most quali-
tative comments: 119 in total. Many researchers asserted
that the science is not sufficiently understood, reliable or
validated for such an application (n=63): The error on
the epigenetic clocks is quite large and the quality con-
trol of methylation microarrays in general is quite poor.
While the properties of the Horvath estimator apply to
populations, they are still too crude to apply to individu-
als (P155). There were also observations (n=12) relating
to the interplay between the application and the “nature”
of epigenetics: e.g., that some epigenetic variants are
plastic and may change over the life course and can be
influenced by sociocultural and physical environments.
For instance, one respondent argued: “we know that epi-
genetics can be altered so how can an assessment be made
based on one time point. Also, other factors impact health
and lifespan like genetics, diet, etc” (P136).

There was also a widely shared sentiment that it might
be ethically questionable for life insurance companies
to factor in epigenetic information within their opera-
tions (n=67). Some researchers made parallels with
the use of genetic information (n=20): ‘I don’t think
insurance companies should have access to epigenetic/
genetic data” (P213); “factors that are predetermined at
birth, including [some] epigenetic markers, should not be
used for financial risk assessment” (P47). Others argued
that it is against the very purpose of insurance compa-
nies (n=6), or as one respondent explained: because
it “contradicts the idea of an insurance (balancing per-
sonal risks in community)” (P123). A significant number
of respondents (n=50) commented regarding potential
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differential treatment or profiling based on epigenetic
characteristics. One researcher wrote: “Every person
should have the same insurance opportunities, regard-
less of their epigenetic status” (P59) and another more
strongly:

Discrimination in the valuation of life, while finan-
cially logical for an underwriting institution, is
fundamentally unjust, regardless of how precise the
prediction. And such predictions will merely recapit-
ulate existing contributors to lifespan - ones that are
often not allowed to be discriminated against such
as race/ethnicity. (P71).

Within the risk of discrimination, some researchers
were worried about rising insurance costs (n=12) and
impeded access (n=10) that would disproportionately
impact those who are already systemically disadvantaged
(n=8): “It could lead to persons not being accepted by
insurances anymore or paying extremely high fees” (P122).
These risks led to discussions of legislation and regula-
tion regarding the potential uses of epigenetic tests in
life insurance (n=9), with some respondents urging life
insurance companies to follow similar laws and guide-
lines as they do for genetics (n=5) and others inter-
estingly, being “not at all” or only “slightly” concerned
because they are confident legal protections will be put in
place to prevent misuse (n=4).

Direct-to-consumer testing

The vast majority of respondents were concerned about
the emergence of direct-to-consumer epigenetic testing
for health and wellbeing (92.1%). In terms of distribution
of concern, about half (48.2%) were “very” or “extremely”
concerned and a quarter only “slightly” or “not at all” con-
cerned (25.9%). Those who did not identify as male (i.e.,
those who identified as female, another gender or pre-
ferred not answer) were more often “very” or “extremely
concerned” than male respondents. There were 102 com-
ments regarding this application. Researchers questioned
the validity and actionability of the tests being advertised
and sold online (n=51), with some expressing concerns
that direct-to-consumer epigenetic testing companies are
overstating or misrepresenting science for profit (n=33):
“There are no overtly actionable epigenetic marks that can
be used” (P164); “A lot of smoke and mirrors. The science
is not there yet” (P197). There were some apprehensions
that consumer epigenetics could affect the reputation of
the field (n=5); “my concern is that it makes the science
as a whole seem less credible if there are people using it in
a non-rigorous way and it would be a real shame if people
don’t recognize the more serious potential benefits of epi-
genetic research” (P35). Respondents also had misgivings
regarding how the public would understand, react to,
and act upon the results of such tests (n=230): “Very few
consumers could properly interpret the results and I don’t
trust the companies to properly explain the data” (P27).
It was suggested that companies be required to educate
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potential customers on the risks and limitations of their
products (n=238) and there were calls for medical expert
delivery of results (n=6). There were also comments
pertaining to consumer privacy and possible data misuse
(n=15). Some noted “serious data privacy concerns, from
companies potentially selling their data, to data secu-
rity” (P37), and feared that “the information might end
up being used for other purposes without the consumers’
permission” (P184). At the same time, other researchers
emphasized that respecting the autonomy of consumers
was important (n=13): “there’s a lot of other similar non-
sense out there. In the end, it's an individual choice unlike
health insurance etc..” (P127) and argued that the tests
are minimal risk in what they reveal and recommend
(n=10): “not sure what kind of action can be taken by
consumers that they wouldn’t already have. If they have
an unhealthy lifestyle they will test older, maybe this will
spur them into adopting a healthy lifestyle” (P203).

Immigration

A high percentage (90.5%) of researchers were concerned
about the potential use of epigenetic age testing in immi-
gration to confirm the minor status of undocumented
asylum-seekers. The range of concern was quite similar to
DTC testing with about half (49.7%) “very” or “extremely”
concerned and just over a fourth (27.0%) only “slightly”
or “not at all” concerned. Interestingly, researchers with
more than 10 peer-reviewed publications, as well as those
working in the USA, or on external factors influencing
epigenetic modifications, were more likely to be “very”
or “extremely” concerned about such an application. This
question had 99 qualitative responses. From a science
perspective, researchers pointed out that the tests are not
currently accurate or reliable enough for this application
(n=42): ‘epigenetic clocks don’t perform well and have
the highest variance on pediatric samples” (P151). Scien-
tific concerns tied into worries about potential environ-
mental (n=11) and racial/ethnic discrimination (n==8).
They noted that the biological age of asylum-seekers may
be higher than their chronological ages due to a history
of harsh life conditions (stress, violence, pollution expo-
sures): “‘we know that environmental stress can make bio-
logical age seem older and being predicted as older would
have serious implications on how the human being try-
ing to migrate will be treated” (P35). Respondents were
also concerned about existing epigenetic clocks being
based primarily on European-ancestry samples and not
directly transposable onto many asylum-seekers: ‘data
based on small sample sizes and narrow ethnic popula-
tion background, lack of understanding of the impact of
ethnicity on such metrics” (P67). Some viewed this poten-
tial application as particularly problematic (n=13): “the
idea of exploiting this technology to turn people in need
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away is horrifying” (P90); “we should trust and help peo-
ple instead of finding a reason to push them away” (P81).
Free consent also emerged as a potential issue (n=5)
since asylum-seekers may be put in a situation where
they cannot refuse to test. In contrast, other respondents
stressed that epigenetic tests may be useful evidence for
immigration (n=38): “the access to biological age of the
refugees is a logical choice for the host country” (P171);
“it’s very important to collect all biological information to
strengthen the law” (P122).

Forensics

The potential use of epigenetic information to refine
criminal profiles generated the least concern of the four
applications. Nearly half of respondents (n =48.7%) were
either “not at all” or “slightly” concerned. There were
101 qualitative comments. As was the case for the other
three applications, a significant number of respondents
asserted that epigenetic testing technologies are not
precise and reliable enough to be used for this applica-
tion at present (n=49). Nevertheless, some researchers
expressed being in favor of such a potential application
considering it could help solve crimes (n=23): “this is
why [investigators] perform forensic analysis—to iden-
tify a suspect. More information can only be helpful in
this case. That said—the majority of what is stated above
is not currently possible and likely will not be in our life-
times...” (P178). Interestingly, almost half (n=10) of these
respondents explained that they would want epigenet-
ics to be used to help investigations, but not exclusively
relied upon for convictions. As one researcher stated:

“If it is purely to establish a profile to search for the
suspect from a pool that may not be a bad approach.
Having said that, experts in the field of epigenetics
should be both conducting and reporting the test
results. Additionally, this line of evidence should be
only part of the crime-solving arsenal and not the
sole basis of conviction” (P199).

Some researchers (n=5) also argued that since forensic
investigators already have access to genetic information,
the addition of epigenetic information is “not much more”
(P189).

The most common legal concern regarding forensic
applications was the potential wrongful conviction of
innocent individuals (n = 18). False positives are possible,
some argued, both because epigenetics as a field is not
mature enough, and because of human factors: “stand-
ards are currently way too low in the forensic field, and
human error is rampant” (P153). There was some trepi-
dation about potential misuse by law enforcement (n=#6):
“the balance of power between the great machine of law
enforcement on the one hand and individual suspects on
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the other, is already very unfair. Law enforcement has, all
over the world, repeatedly demonstrated that they will
abuse the powerful tools given to them” (P124). Some
respondents were concerned specifically about privacy
(n=12). They wrote: ‘data regarding innocent people
may be made public” (P217) and this could represent
‘an infringement on socio-economic status and lifestyle”
(P192).

Discussion

Epigenetic researchers differed in their assessment of
the scope of their field. While biological mechanisms
related to the DNA level—such as DNA interaction and
3D packaging changes—were widely considered as epi-
genetic, there was considerable disagreement regard-
ing the inclusion of mechanisms acting on the RNA and
protein levels—such as interfering RNA, RNA splicing,
transcription factors, and prions. As mentioned at the
outset of this paper, lack of consensus on the scope of the
field could have practical implications for policymaking.
Down the road, it could also create uncertainty where
policy interpretation is required. If legislation was to be
enacted or amended by countries or regions to prevent
discrimination based on the results of epigenetic testing
specifically, in insurance or employment, for instance,
it would be crucial that clear definitions of “epigenetic”
be included in the law. Otherwise, questions such as
whether interfering RNA testing is permitted under
those laws would remain open to subjective and variable
interpretations [48—50]. Disagreement over the inclusion
of non-core mechanisms can also impact communication
among researchers and contribute to further public con-
fusion about the field.

As a group, researchers ranked diagnosis and treatment
as the two most promising avenues for epigenetics. How-
ever, it is worth noting that junior researchers and those
working on the determinants of epigenetic changes (i.e.,
in nutritional, behavioral, environmental, or social epige-
netics) ranked prophylactic (prevention and prediction)
opportunities higher. The latter may result from confir-
mation bias on both sides, where the specific expertise
community either has an influence on the researchers’
expectations toward epigenetics, or their preexisting
attitude and preferences are reflected through the selec-
tion of their research stream within the field. The fact
that senior researchers tend to favor clinical applications
of epigenetics (diagnosis and treatment) may be due to
their level of experience with the various methodological
challenges inherent in studies of the factors influencing
epigenetic programming and health (e.g., dealing with
multiple confounding variables, limited scientific validity
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of in vitro and non-human animal models in the study of
complex system interactions, and replicability issues).

Regarding ELSI in the conduct of research, many
respondents indicated that gaining access to epigenetic
data in existing databases and obtaining ethics approval
for research projects can be particularly challenging.
Some of these challenges are administrative in the form
of researcher and protocol vetting by data access com-
mittees. One option to address challenges related to
access to biorepositories is via harmonized data govern-
ance (https://www.gadgh.org/genomic-data-toolkit/regul
atory-ethics-toolkit/, https://www.eu-standsdpm.eu/
data_access) [51, 52]. The Global Alliance for Genomics
and Health (GA4GH) has developed harmonized gov-
ernance tools for the context of genomics that could be
adapted for epigenomic research [53]. Other challenging
ethical issues for researchers and research ethics boards
may arise from working with consent documents for
sample and data access that are not formulated broadly
enough and do not permit epigenetic research using data
from genetic repositories, or anonymized databases that
do not allow for recontacting participants to seek their
consent [54]. There have been adjustments in ethical
evaluations and approaches such that broad consent for
biorepositories has gained ethical acceptance [55].

Regarding ELSI in knowledge translation activi-
ties, media communication was seen by far as the most
important challenge. This result echoes literature in the
social sciences and humanities expressing concern about
inflated understandings of individual control over one’s
body, and of transgenerational epigenetic inheritance,
both of which have had ripple effects in public discourse
around moral responsibility for health, notably, in mar-
keting messages publicizing new direct-to-consumer
epigenetic products [19, 32, 35, 36, 56]. The field’s com-
plexity, overstatements of research results in publica-
tions, the challenge to convey nuance and uncertainty
in captivating headlines, and the tendency for informa-
tion in the media to be oversimplified, were all identi-
fied as contributing to the problem [18, 19, 35, 36, 49,
56]. Respondents in this study identified both journalists
and researchers as key actors in the reduction in mislead-
ing and inaccurate claims about findings in epigenetics.
While the other knowledge translation activities garnered
much less qualitative attention by respondents than non-
medical applications, quantitative results indicate they
experienced or witnessed ethical challenges or dilemmas
in the commercialization of epigenetic tests or products,
in relation to intellectual property, and in policymaking.
Further studies will be necessary to better understand the
specific reasons why these activities appear problematic
to some researchers.
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Regarding the four potential non-medical applications
of epigenetics discussed in this paper, researchers con-
sistently stressed that epigenetics is at a nascent stage
and is not reliable or accurate enough for such uses. In
the future, however, some epigenetic tests could become
robust enough to allow for their use, at least from a sci-
entific and technical perspective. For instance, epigenetic
age tests may become more precise, and their accuracy
may be validated in various populations. This is currently
not the case and may lead to inaccurate determinations of
age in highly sensitive contexts such as in the context of
forensics or in the case of migrants seeking asylum under
some countries’ facilitated process for minors. At the
same time, it is important to keep in mind that the availa-
bility of high-performing technology does not necessarily
entail the ethical and social acceptability of the different
ways they might be used. Although it should always take
the changing status of science into account, ethics is an
endeavor of its own. As many respondents seemed to
believe, what is possible is not necessarily desirable.

Our study has some limitations which it is important to
keep in mind when interpreting the results. For instance,
the final sample is skewed toward the USA, Germany,
Canada and the UK. This is most likely due to our recruit-
ment strategy of sending invitations to researchers in the
top countries producing epigenetic research, in English,
from 2001 to 2019, and in roughly proportionate num-
bers. For reference, those four countries produced 53.3%
of publications during that period. However, research-
ers from other most prolific countries - China, Japan,
and Italy in particular - had lower response rates than
anticipated. As snowball sampling was another of our key
means of recruitment, the demographics of our sample
may also have been influenced by our closer professional
networks being composed in large part by researchers
from Canada, the USA, and Western Europe. Another
possible source of selection bias is that most researchers
who accepted to participate in our survey may be inter-
ested, at least to some extent, in ethics considerations
related to developments in their field—in contrast to
those who refused to participate. This may have inflated
the group’s level of concern regarding the four non-med-
ical applications of epigenetics, for example. Finally, it
is crucial to remember that the views expressed in this
paper are those of researchers. Other stakeholders may
have a very different opinion on the matters explored in
this study.

Conclusion

To our knowledge, this is the first large-scale mixed-
method survey exploring the critical views of epigenetic
researchers on their field and its applications. In the
coming years, epigenetics will undoubtedly continue to
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develop, and hopefully, some of its promises for medi-
cine and public health will materialize. While this pro-
gress continues, it is important for researchers to keep
reflecting on their discipline. As some respondents
aptly noted, how scientific findings are communicated
to the public as well as how they are used in practice
can affect the conduct and reputation of science itself.
In the long term, misrepresentations or controversial
applications of epigenetics can contribute to distort
public understandings of the field and, more generally,
undermine public trust toward researchers.

Interdisciplinary and intersectoral dialogue involv-
ing epigenetic researchers are instrumental to delving
further into the study of ELSI in epigenetics, and where
needed, developing policies that address these emerging
issues. Exploring the views of other stakeholders, such as
research participants, patients, consumers, members of
the industry and policymakers, will be important as well.
Informed regulation and ethics frameworks for epigenet-
ics ought not to be based solely on the views of research-
ers—neither should they be based solely on the views of
bioethicists, social scientists, or legal scholars. A plurality
of actors should be consulted, and their views considered.
This study is only one step forward in better understand-
ing perceptions of epigenetics. We hope that it will invite
additional empirical work and promote discussions on
the potential implications of the field for society.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513148-022-01322-7.

[ Additional file 1: Survey questionnaire and grouping. }

Acknowledgements

The authors would like to thank the Multidimensional Epigenetic Mapping
Consortium (EMC) at McGill University for their support and the Canadian
Institutes of Health Research (CIHR) for a 3-year fellowship supporting Dr.
Dupras's work. This work was also conducted as part of the Bioethics Working
Group of the International Human Epigenome Consortium. We would also like
to thank Dr. Guillaume Bourque, Head of the Epigenomics Mapping Center
at McGill, for his support for the ethical aspects of epigenetic research and
his timely feedback and Dr. Martin Hirst (UBC), Project Leader of the Canadian
Epigenetics, Environment and Health Research Consortium (CEEHRC) for his
support with the recruitment process.

Author contributions

CD, TK and IC conducted quantitative and statistical analyses; CD, TK and NP
conducted qualitative analyses. All authors contributed to writing and redraft-
ing the manuscript and approved the final version.

Funding

This work was supported by the Multidimensional Epigenetic Mapping
Consortium (EMC) at McGill University under Grant CEE-151618 and Canadian
Institutes of Health Research (CIHR) under Grant MFE-152574.

Availability of data and materials
The data that support the findings of this study are available on request from
the corresponding author, CD. The data are not publicly available due to


https://doi.org/10.1186/s13148-022-01322-7
https://doi.org/10.1186/s13148-022-01322-7

Dupras et al. Clinical Epigenetics (2022) 14:110

their containing information that could compromise the privacy of research
participants.

Declarations

Ethics approval and consent to participate

This study received a Certification of Ethical Acceptability for Research Involv-
ing Human Subjects by the McGill University Faculty of Medicine Institutional
Review Board on November 11, 2019 (Project #A10-E67-19A; 19-10-034).
Participants provided consent to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

!Centre of Genomics and Policy, McGill University, 740, Avenue Dr. Penfield,
Suite 5200, Montreal, QC H3A 0G1, Canada. *Present Address: School of Public
Health, University of Montreal, 7101 Parc avenue, Montreal, QC H3N 1X9,
Canada. >Centre of Genomics and Policy, McGill University, 740, Avenue Dr.
Penfield, Suite 5200, Montreal, QC H3A 0G1, Canada. “Centre for Health Ethics
and Law, University of Southampton, Building 4, Highfield, Southampton SO17
1BJ, UK. Institute of Human Genetics, Ulm University, Albert-Einstein-Allee 11,
89081 Ulm, Germany. °Barts Cancer Institute, Queen Mary University of Lon-
don, Charterhouse Square, London ECTM 5PZ, UK. ’University College London
(UCL) Cancer Institute, 72 Huntley Street, London WC1E 6BT, UK. ®Department
of Psychology, Université de Montréal, 90, Avenue Vincent-d'Indy/Boulevard
Edouard-Montpetit, Montréal, QC H2V 259, Canada.

Received: 24 February 2022 Accepted: 29 July 2022
Published online: 02 September 2022

References

1. MancillaVJ, Peeri NG, Silzer T, Basha R, Felini M, Jones HP. Vishwanatha
JK (2020) Understanding the interplay between health disparities and
epigenomics. Front Genet 903.

2. Cavalli G, Heard E. Advances in epigenetics link genetics to the environ-
ment and disease. Nature. 2019;571(7766):489-99.

3. Mdller R, Hanson C, Hanson M, Penkler M, Samaras G, Chiapperino L, Villa
PI. The biosocial genome? Interdisciplinary perspectives on environmen-
tal epigenetics, health and society. EMBO Rep. 2017;18(10):1677-82.

4. Chiapperino L (2018) Epigenetics: ethics, politics, biosociality. Br Med Bull.

5. Huang JY, King NB. Epigenetics changes nothing: what a new scientific
field does and does not mean for ethics and social justice. Public Health
Ethics. 2018;11(1):69-81.

6. Dupras C, Saulnier KM, Joly Y. Epigenetics, ethics, law and society: a
multidisciplinary review of descriptive, instrumental, dialectical, reflexive
and empirical analyses. Soc Stud Sci. 2019;49(5):485-810. https://doi.org/
10.1177/0306312719866007.

7. Rozek LS, Dolinoy DC, Sartor MA, Omenn GS. Epigenetics: relevance and
implications for public health. Annu Rev Public Health. 2014;35:105-22.

8. Loi M, Del Savio L, Stupka E. Social epigenetics and equality of opportu-
nity. Public Health Ethics. 2013;6(2):142-53.

9. Dupras C, Ravitsky V, Williams-Jones B. Epigenetics and the environment
in bioethics. Bioethics. 2014;28(7):327-34.

10. Feinberg AP.The key role of epigenetics in human disease prevention
and mitigation. N Engl J Med. 2018;378(14):1323-34.

11. Berdasco M, Esteller M. Clinical epigenetics: seizing opportunities for
translation. Nat Rev Genet. 2019;20(2):109-27.

12. Oh ES, Petronis A. Origins of human disease: the chrono-epigenetic
perspective. Nat Rev Genet. 2021,22(8):533-46.

13. Dyke SOM, Cheung WA, Joly Y, Ammerpohl O, Lutsik P, Rothstein MA,
Caron M, Busche S, Bourque G, Reonnblom L, et al. Epigenome data
release: a participant-centered approach to privacy protection. Genome
Biol. 2015;16(1):142-54. https://doi.org/10.1186/513059-015-0723-0.

20.

22.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

Page 12 of 13

. Erwin C. Ethical issues raised by epigenetic testing for alcohol, tobacco,

and cannabis. Behav Sci Law. 2015;33(5):662-74. https://doi.org/10.1002/
bsl.2204.

. Dupras C, Bunnik EM. Toward a framework for assessing privacy risks in

multi-omic research and databases. Am J Bioethics. 2021,21(12):46-64.

. Taki F, de Melo-Martin I. Conducting epigenetics research with refugees

and asylum seekers: attending to the ethical challenges. Clin Epigenet.
2021;13:105. https://doi.org/10.1186/513148-021-01092-8.

. Dyke SO, Saulnier KM, Dupras C, Webster AP, Maschke K, Rothstein M,

Joly Y. Points-to-consider on the return of results in epigenetic research.
Genome Med. 2019;11(1):1-9.

. Juengst E, Fishman JR, McGowan ML, Stettersten RA Jr. Serving epige-

netics before its time. Trends Genet. 2014;30(10):427-9.

. Dyke SOM, Ennis CA, Joly Y, Walter J, Siebert R, Pastinen T (2020) Com-

municating science: epigenetics in the spotlight. Environ Epigenet.
6(1):dvaa015. https://doi.org/10.1093/eep/dvaall5

Joly'Y, Dupras C, Pinkesz M, Tovino SA, Rothstein MA. Looking beyond
GINA: policy approaches to address genetic discrimination. Annu Rev
Genom Hum Genet. 2020;21:491-507.

. Dupras C, Song L, Saulnier KM, Joly Y. Epigenetic discrimination: emerg-

ing applications of epigenetics pointing to the limitations of policies
against genetic discrimination. Front Genet. 2018;8:1-6. https://doi.
org/10.3389/fgene.2018.00202.

Dupras C, Joly Y, Rial-Sebbag E. Human rights in the postgenomic era:
challenges and opportunities arising with epigenetics. Soc Sci Inf.
2020;59(1):12-34. https://doi.org/10.1177/0539018419900139.

. Miller M, Freeman P. Legal issues relating to epigenetics in life insur-

ance, presented at the 2018 Association of Life Insurance Counsel
Meeting;2018.

. Shapo N, Masar MS. Modern regulatory frameworks for the use of

genetic and epigenetic underwriting technology in life insurance. J
Insur Regul. 2020;30(10):1-23.

Abbott A. Can epigenetics help verify the age claims of refugees?
Nature. 2018;561(7721):15-15.

Vidaki A, Kayser M. Recent progress, methods and perspectives in
forensic epigenetics. Forensic Sci Int Genet. 2018;37:180-95. https://
doi.org/10.1016/j.fsigen.2018.08.008.

Shabani M, Borry P, Smeers |, Bekaert B. Forensic epigenetic age
estimation and beyond: ethical and legal considerations. Trends Genet.
2018;34(7):489-91.

Dupras C, Beck S, Rothstein MA, Berner A, Saulnier KM, Pinkesz M,
Prince AER, Liosi S, Song L, Joly Y. Potential (Mis)use of epigenetic age
estimators by private companies and public agencies: human rights
law should provide ethical guidance. Environ Epigenet. 2019;5(3):1-12.
Abbott A. European scientists seek “epigenetic clock”to determine age
of refugees. Nature. 2018;561(7721):15-6.

Ihar ZD. Phenotypic personhood: epigenetics and the biolegality

of processing asylum. In Personhood in the age of biolegality (pp.
127-147);2020. Palgrave Macmillan, Cham. https://doi.org/10.1093/
eep/dvz018

Dupras C, Beauchamp E, Joly Y. Selling direct-to-consumer epigenetic
testing: are we ready? Nat Rev Genet. 2020;22:335-6. https://doi.org/
10.1038/541576-020-0215-2.

Knoppers T, Beauchamps E, Dewar K, Kimmins S, Bourque G, Joly Y,
Dupras C. The omics of our lives: practices and policies of direct-to-
consumer epigenetic and microbiomic testing companies. New Genet
Soc. 2021;40(4):541-69. https://doi.org/10.1080/14636778.2021.19975
76.

Vears DF, D'’Abramo F. Health, wealth and behavioural change: an
exploration of role responsibilities in the wake of epigenetics. J Com-
munity Genet. 2018;9(2):153-67.

M’hamdi HI, de Beaufort |, Jack B, Steegers EAP. Responsibility in the
age of developmental origins of health and disease (DOHaD) and
epigenetics. J Dev Origins Health Dis. 2018;9(1):58-62.

Dubois M, Louvel S, Le Goff A, Guaspare C, Allard P. Epigenetics in

the public sphere: interdisciplinary perspectives. Environ Epigenet.
2019;5(4):019.

Dupras C, Ravitsky V. The ambiguous nature of epigenetic responsibil-
ity. J Med Ethics. 2016;42(8):534-41. https://doi.org/10.1136/medet
hics-2015-103295.


https://doi.org/10.1177/0306312719866007
https://doi.org/10.1177/0306312719866007
https://doi.org/10.1186/s13059-015-0723-0
https://doi.org/10.1002/bsl.2204
https://doi.org/10.1002/bsl.2204
https://doi.org/10.1186/s13148-021-01092-8
https://doi.org/10.1093/eep/dvaa015
https://doi.org/10.3389/fgene.2018.00202
https://doi.org/10.3389/fgene.2018.00202
https://doi.org/10.1177/0539018419900139
https://doi.org/10.1016/j.fsigen.2018.08.008
https://doi.org/10.1016/j.fsigen.2018.08.008
https://doi.org/10.1093/eep/dvz018
https://doi.org/10.1093/eep/dvz018
https://doi.org/10.1038/s41576-020-0215-2
https://doi.org/10.1038/s41576-020-0215-2
https://doi.org/10.1080/14636778.2021.1997576
https://doi.org/10.1080/14636778.2021.1997576
https://doi.org/10.1136/medethics-2015-103295
https://doi.org/10.1136/medethics-2015-103295

Dupras et al. Clinical Epigenetics

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

(2022) 14:110

Henikoff S, Greally JM. Epigenetics, cellular memory and gene regula-
tion. Curr Biol. 2016;26(14):R644-8.

Greally JM. A user’s guide to the ambiguous word “epigenetics” Nat Rev
Mol Cell Biol. 2018;19(4):207-8.

Lappé M, Landecker H. How the genome got a life span. New Genet
Soc. 2015;34(2):152-76. https://doi.org/10.1080/14636778.2015.10348
51

Wu CT, Morris JR. Genes, genetics, and epigenetics: a correspondence.
Science. 2001;293(5532):1103-5.

Dupont C, Armant DR, BrennerCA. Epigenetics: definition, mechanisms
and clinical perspective. In Seminars in reproductive medicine (Vol. 27,
No. 05, pp. 351-357). © Thieme Medical Publishers;2009.

Larregue J, Lariviere B, Mongeon P. On the institutional and intellectual
division of labor in epigenetics research: a scientometric analysis. Soc Sci
Inf. 2020;59(1):117-43. https://doi.org/10.1177/0539018419898394.
Wilcox Rand R. (2005). Introduction to robust estimation and hypothesis
testing. San Diego, CA: Academic Press, 2nd edition. https://www.scien
cedirect.com/book/9780123869838/introduction-to-robust-estimation-
and-hypothesis-testing

Wilcox RR. New designs in analysis of variance. Annu Rev Psychol.
1987;38:29-60. https://doi.org/10.1146/annurev.ps.38.020187.000333.
Guest G, MacQueen KM, Namey EM, editors. Applied thematic analysis.
Thousand Oaks: SAGE Publications; 2012.

Creswell JW. Research design: qualitative, quantitative, and mixed meth-
ods approaches. 4th ed. London: SAGE Publications; 2013.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. Int
J Quality Health Care. 2007;19:349-57. https://doi.org/10.1093/intghc/
mzm042.

Haig D. The epidemiology of epigenetics. Int J Epidemiol. 2012;41(1):13—
6. https://doi.org/10.1093/ije/dyr183.

Deans C, Maggert KA. What do you mean, “epigenetic”? Genetics.
2015;199(4):887-96. https://doi.org/10.1534/genetics.114.173492.

Meloni M, Testa G. Scrutinizing the epigenetics revolution. BioSocieties.
2014;9(4):431-56. https://doi.org/10.1057/biosoc.2014.22.

Saulnier KM, Bujold D, Dyke SOM, Dupras C, Beck S, Bourke G, Joly Y.
Benefits and barriers in the design of harmonized access agreements for
international data sharing. Sci Data. 2019;6:297. https://doi.org/10.1038/
$41597-019-0310-4.

EU-STANDS4PM harmonised Data Access Agreement (hDAA) for sharing
and using controlled access data. (2021). https://www.eu-stands4pm.eu/
data_access Accessed February 11, 2022.

Global Alliance for Genomics and Health. (2021). Genomic Data Toolkit.
https://www.ga4gh.org/genomic-data-toolkit/ Accessed January 21,
2022.

Grady C, Eckstein L, Berkman B, Brock D, Cook-Deegan R, Fullerton SM,
Greely H, Hansson MG, Hull S, Kim S, Lo B, Pentz R, Rodriguez L, Weil C,
Wilfond BS, Wendler D. Broad consent for research with biological sam-
ples: workshop conclusions. Am J Bioethics. 2015;15(9):34-42. https://doi.
0rg/10.1080/15265161.2015.1062162.

Budin-Ljasne |, Teare HJA, Kaye J, Beck S, Bentzen HB, Caenazzo L, Collett
C, D'Abramo F, Felzmann H, Finlay T, Javaid MJ, Jones E, Visnja Kati¢ V,
Simpson A, Mascalzoni D. Dynamic Consent: a potential solution to
some of the challenges of modern biomedical research. BMC Med Ethics.
2017;18:4. https://doi.org/10.1186/512910-016-0162-9.

Martin L. Epigenetics, media coverage, and parent responsibilities in the
post-genomic era. Curr Genet Med Rep. 2016;4:92-7. https://doi.org/10.
1007/540142-016-0092-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1080/14636778.2015.1034851
https://doi.org/10.1080/14636778.2015.1034851
https://doi.org/10.1177/0539018419898394
https://www.sciencedirect.com/book/9780123869838/introduction-to-robust-estimation-and-hypothesis-testing
https://www.sciencedirect.com/book/9780123869838/introduction-to-robust-estimation-and-hypothesis-testing
https://www.sciencedirect.com/book/9780123869838/introduction-to-robust-estimation-and-hypothesis-testing
https://doi.org/10.1146/annurev.ps.38.020187.000333
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1093/ije/dyr183
https://doi.org/10.1534/genetics.114.173492
https://doi.org/10.1057/biosoc.2014.22
https://doi.org/10.1038/s41597-019-0310-4
https://doi.org/10.1038/s41597-019-0310-4
https://www.eu-stands4pm.eu/data_access
https://www.eu-stands4pm.eu/data_access
https://www.ga4gh.org/genomic-data-toolkit/
https://doi.org/10.1080/15265161.2015.1062162
https://doi.org/10.1080/15265161.2015.1062162
https://doi.org/10.1186/s12910-016-0162-9
https://doi.org/10.1007/s40142-016-0092-3
https://doi.org/10.1007/s40142-016-0092-3

	Researcher perspectives on ethics considerations in epigenetics: an international survey
	Abstract 
	Introduction
	Methods
	Survey design
	Recruitment
	Data collection
	Data analysis
	Quantitative analysis
	Qualitative analysis

	Ethics approval

	Results
	Respondents
	Scope of the field
	Most promising opportunities
	Conduct of research
	Knowledge translation
	Non-medical applications
	Life insurance
	Direct-to-consumer testing
	Immigration
	Forensics

	Discussion
	Conclusion
	Acknowledgements
	References


