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Abstract

Advances in our understanding of epigenetics present new opportunities to improve children’s health through the counsel-
ing of parents about epigenetics concepts. However, it is important to first evaluate how parents respond to this type of
information and determine the consequences of educating parents about epigenetics. We have taken an initial step toward
this goal by assessing parental responses to an epigenetics learning module. Parents (n ¼ 190, 126 mothers) responded to
pre- and post-module survey questions. Prior to the module, parents reported that mothers’ lifestyles prior to conception
were more important for children’s health than fathers’ lifestyles prior to conception (t ¼ 4.49, df ¼ 316.5, P < 0.0001).
However, after the module, there was no difference between ratings of the importance of mothers’ and fathers’ preconcep-
tion lifestyles (t ¼ 1.18, df ¼ 319.8, P ¼ NS). Furthermore, after viewing the module, parents increased their ratings of the
importance of both mothers’ (t ¼ �5.65, df ¼ 294.8, P < 0.0001) and father’s (t ¼ �9.01, df ¼ 287.2, P < 0.0001) preconception
lifestyles for child health. After viewing the module, most parents reported feelings of guilt and negativity regarding
epigenetics (78 and 55%, respectively). When compared with lean parents, parents with overweight more often reported
feelings of guilt (v2 ¼10.27, P ¼ 0.001). This work represents an important first step in evaluating parental responses to
epigenetics concepts.
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Introduction

Epigenetics is a rapidly growing field that has significant poten-
tial to affect population health. Epigenetic changes are dynamic
and can be affected by an individual’s environment and behav-
ior throughout the life course. These changes are defined as
DNA modifications which influence gene activity or expression,

without changing the DNA sequence [1]. Epigenetic changes
have been shown to be associated with behaviors such as foods
consumed, physical activity, and tobacco use, as well as envi-
ronmental exposures such as pollutants and stress, among
many others [2]. Changes in epigenetics have been previously
associated with many health outcomes including obesity and
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diabetes [3], depression [4], anxiety [5], and autism [6]. Because
of the interconnections among behavior, environment, and epi-
genetics, individuals may have some influence over their
epigenetics—and therefore health outcomes—by making
changes to their behavior, and where possible, environment.

For parents, this potential ability to influence one’s epige-
netics can have implications for their children’s health out-
comes. Although children’s epigenetics can be influenced by
their own environmental experiences [7, 8], parents also can
pass down gene expression patterns that were established prior
to conception and during pregnancy through transgenerational
epigenetic mechanisms [9]. Whether parents are aware of how
such epigenetic changes affect their children, and how parents
respond to such information, remains an unexplored area of re-
search that we address in this article.

Due to published recommendations and frequent prenatal
care, mothers are typically aware of the general connection be-
tween their behaviors and environment during pregnancy and
their children’s health, even if they are not aware of epigenetic
mechanisms specifically [10–12]. Epigenetic changes have been
associated with many well-established health behaviors before
and during pregnancy [13–17]. The impact of fathers’ precon-
ception lifestyle and environment on children is less clear.
However, recent evidence indicates fathers’ behaviors and
environmental exposures have the potential to impact their
children’s health prior to conception through epigenetic mecha-
nisms; e.g. fathers’ exposure to trauma [18] and cannabis use
[19] have been associated with epigenetic changes in sperm.

In addition, mothers’ and fathers’ weight status can influ-
ence their children’s health outcomes [20]. Though the research
is still limited, the role of epigenetics in the connection between
mothers’ and fathers’ weight status and children’s health is
becoming clearer. Obesity in fathers has been associated with
changes in methylation of genes associated with growth and
development in their children [21, 22]. Additionally, a few stud-
ies have reported that the weight status of fathers is associated
with methylation differences in sperm, suggesting a pathway
for transgenerational inheritance of obesity risk through epige-
netic mechanisms [23]. Mothers’ influence on their children’s
risk for obesity can occur prior to conception [24] as well as dur-
ing pregnancy [25]. Specifically, mothers’ preconception weight
status has been associated with epigenetic changes in new-
borns [26] and mothers’ diet during pregnancy has been shown
to have an effect on children’s risk for obesity; researchers posit
that this likely occurs through epigenetic changes [25].

As the science exploring the role of epigenetics in children’s
health advances, it becomes important to understand how the
general population responds to these concepts. Some parents
may be starting to learn about epigenetics concepts through
media exposure, where headlines are often targeted specifically
to mothers [27–29] and fathers [30–32]. If we are to use epige-
netics research for clinical and public health gain, it will be nec-
essary to develop strategies to communicate these concepts to
current and future parents. Indeed, research has shown that
health risks are more likely to be acted upon when individuals
understand the pathway through which they act [33]. As such, it
will likely not be sufficient to tell future parents that their
behaviors have implications for their child’s health; rather, it
will be important to explain the route through which this be-
havior can be influential. Understanding parental responses to
epigenetics messages may aide us in creating educational mate-
rials that reduce potential fatalism and increase the likelihood
of positive behavior change, especially among fathers who may
be unaware of their role in shaping their child’s epigenetics and

thus their child’s health. In this study, we examine epigenetics
messages specifically focused on the impact of parental behavior
and environment on a child’s epigenetic markers prior to
conception. Through this work, we aim to inform future messag-
ing during parents’ prenatal, as well as preconception, counsel-
ing, which is recommended and common in the USA [34].

To our knowledge, no extant studies have assessed parental
responses to epigenetics concepts. However, previous literature
on parental responses to genetic messages that are relevant for
their children may provide some insight. Although genetic and
epigenetic concepts are distinct, our study focuses on the epige-
netic changes that have occurred prior to a child’s conception,
which parents can no longer directly change. As parents also lack
direct control over genetic contributors to their child’s risk, there
may be similarities in their responses to each message type. In
the context of rare diseases, previous studies have shown that
parents respond to genetic risk information with worry, guilt,
and self-blame [35, 36], and find genetic messages more threaten-
ing than non-genetic messages due to an inability to take action
[37]. In contrast, in the context of common diseases, parents gen-
erally respond positively to the prospect of genetic testing and
feel that it would be beneficial, often because they anticipate
learning that their child is at a lower genetic risk [38]. However,
one study found that when mothers were exposed to family
history-based personalized risk information suggesting their
child was at increased risk for obesity, they felt more lifestyle-
and genetics-related guilt, but also chose to feed their child a
healthier meal [39, 40]. Thus, in the context of common diseases
such as obesity, it appears that the receipt of genetic information
has the potential to lead to nuanced and interrelated behavioral
and affective outcomes that may be both positive and negative.

If epigenetic messages are interpreted similarly to genetic
messages, then epigenetic messages may influence parents on
multiple levels including their behavior, beliefs, and affect.
Thus, this study explores several dimensions of parental
response to an epigenetics message. First, we investigate how
parents understand their role in influencing their child’s
epigenetics and downstream health risks; as this is the first
study to explore this, we do not pose hypotheses regarding this
aim. Second, we explore how learning about epigenetics affects
parents’ feelings regarding their ability to act to improve health;
because we are focused on parental lifestyle before conception,
to which parents may respond similarly as they do to genetic
information, we anticipate that parents may feel relatively
fatalistic after learning about these epigenetic mechanisms.
Finally, we survey parents’ potential feelings of guilt related
to their impact on their child’s epigenetics; given emergent
findings related to parental guilt in the genetics literature, we
anticipate that parental guilt will play a salient role in their
responses to epigenetics information.

In addition, we examined potential moderators of parental
responses to epigenetics educational material. First, we antici-
pate gender differences because mothers are likely already
aware of the influence they have on their child before and dur-
ing pregnancy, whereas fathers may not be aware of the impact
of their lifestyle prior to conception, as research in this area is
newer and currently growing [41]. Second, research regarding
the impact of parental obesity on children’s obesity risk leads
us to believe that parental weight status may influence how
parents respond to these messages [20]. We anticipate that
there may be differences by parent weight status because of the
societal use of weight as a proxy for health in the USA [42, 43],
as well as the focus on weight, diet, and physical activity during
preconception counseling and during pregnancy [44, 45].
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Additionally, parents in our study were exposed to epigenetics
information in the context of a larger behavioral trial which was
centered around parental feeding behavior (described in detail
below); thus, parental weight status may be particularly salient
within this study. In all, this study provides an exploration
of how parents respond to epigenetics when introduced as a
new concept, and how this response may vary by parent
characteristics.

Results
Prior Knowledge of Epigenetics

Because of our interest in understanding parental responses to
initially learning about the concept of epigenetics, we excluded
participants with a previous knowledge of epigenetics from
analyses. Participants who correctly defined epigenetics were
considered to have a prior knowledge of epigenetics. Of the 52
participants who stated they knew what epigenetics meant, 28
correctly defined the term and were thus excluded from further
analysis. Significant differences between participants with and
without prior knowledge of epigenetics emerged such that 100%
of participants with prior knowledge were college educated,

whereas 76% of those without prior knowledge were college ed-
ucated (Fisher’s exact test P ¼ 0.001). Additionally, racial break-
down of the two groups differed such that 8% of participants
with prior knowledge were African American, whereas 29% of
participants without prior knowledge were African American
(v2 ¼ 11.18, P ¼ 0.02). Outside of this difference, racial breakdown
was similar across groups. Composition of the two groups did
not differ by age, gender, or self-identified weight status.
Analyses in the remainder of the study included a sample of 162
individuals (112 mothers and 50 fathers).

Overall Responses to Learning about Epigenetics

Prior to viewing the epigenetics module, parents endorsed a
higher score for the impact of a mother’s lifestyle prior to birth
on a child’s overall health compared with a father’s lifestyle (t ¼
4.49, df ¼ 316.5, P < 0.0001; Table 1). Post-educational module,
parents endorsed an equivalent impact of mothers’ and fathers’
lifestyles on children’s overall health (t ¼ 1.18, df ¼ 319.8, P ¼
NS); parents no longer felt that mothers’ lifestyles prior to birth
were more impactful than fathers’ lifestyles on children’s over-
all health. Parents endorsed a significantly higher impact of
both mother’s (t ¼ �5.65, df ¼ 294.8, P < 0.0001) and father’s (t ¼
�9.01, df ¼ 287.2, P < 0.0001) lifestyle prior to birth on a child’s
overall health after viewing the module compared with before
viewing the module (Table 1).

Most parents (73%) expressed some level of guilt about the
impact they may have had on their child through epigenetics.
Within the free responses, negative tone was more prevalent
than positive tone (v2 ¼ 33.68, P < 0.0001; Table 1). This pattern
was consistent regarding behavioral and environmental influ-
ences mentioned by parents: negative influences were more
prevalent within the free responses than positive influences
(v2 ¼ 11.81, P ¼ 0.0005 for behaviors; v2¼ 27.63, P < 0.0001 for en-
vironment; Table 1).

Overall, parents indicated that learning about epigenetics
made them feel they could take action for both their own health
(M ¼ 3.98) and their child’s health (M ¼ 3.96), as the means are
higher than the midpoint of the scale (Table 1).

Differences in Responses by Parent Gender

There were no significant differences in demographic variables
between mothers and fathers. In the closed-ended questions,
prior to learning about epigenetics, mothers endorsed a higher
impact of mothers’ lifestyle on children’s health (M ¼ 4.05) than
fathers did for the impact of fathers’ lifestyle on children’s
health (M ¼ 3.30, t ¼ �4.74, df ¼ 82.62, P < 0.0001; Fig. 1). After
learning about epigenetics, there was no difference between
mothers’ views on the impact of mothers’ lifestyle and fathers’
views on the impact of fathers’ lifestyle (t ¼ �1.78, df ¼ 84.55,
P ¼ NS; Fig. 1).

The pre- to post-module increase in endorsement of moth-
ers’ (t ¼ �0.75, df ¼ 78.18, P ¼ NS) and fathers’ (t ¼ 1.68, df ¼
79.61, P ¼ NS) lifestyle importance did not vary by gender. In
other words, mothers and fathers displayed similar increases in
their endorsement of both mothers’ and fathers’ lifestyle impor-
tance on children’s health. Other closed-ended responses did
not vary significantly by parent gender.

In the open-ended questions, no significant differences
emerged by parent gender. Although not statistically signifi-
cant, we observed that some (eight) mothers expressed feelings
of fault whereas no fathers expressed this feeling. See Fig. 2 for
a full summary of open-ended themes by gender.

Differences in Responses by Parental Weight Status

We did not observe any significant demographic differences be-
tween the two weight-based subgroups of parents. In the
closed-ended questions, both parents with overweight and lean
parents endorsed a significantly higher impact of mother’s (t ¼
�4.39, df ¼ 169.7, P < 0.0001 and t ¼ �3.57, df ¼ 123.6, P ¼ 0.0005,
respectively) and father’s (t ¼ �6.69, df ¼ 163.9, P < 0.0001 and
t ¼ �6.01, df ¼ 121.4, P < 0.0001, respectively) lifestyle on a
child’s health after viewing the epigenetics educational

Table 1: description of variables across total population of partici-
pants without prior knowledge of epigeneticsa

Variable name n ¼ 162

Survey questions Mean 6 SD
Pre-module impact of mother’s lifestyle 4.06 6 0.87
Pre-module impact of father’s lifestyle 3.59 6 0.99
Post-module impact of mother’s lifestyle 4.53 6 0.63
Post-module impact of father’s lifestyle 4.44 6 0.69
Learning about epigenetics made me feel like I can
act for my health

3.98 6 0.82

Learning about epigenetics made me feel like I can
act for my child’s health

3.96 6 0.89

Guilt (n, %) 118, 72.8%
Themes n, %

Personal fault 8, 5%
Behavioral influence—positive 28, 17%
Behavioral influence—negative 55, 34%
Environmental influence—positive 9, 6%
Environmental influence—negative 44, 27%
Positive tone 38, 23%
Negative tone 89, 55%

aParents (n ¼ 162) responded to Likert-scale survey questions, each ranging from

1 to 5, both before and after the epigenetics learning module. Parents also

responded to free response questions which were then coded for themes.

Overall, parents endorsed higher impact for mothers’ and fathers’ lifestyle on

children’s health after learning about epigenetics. Most parents did not endorse

feelings of fatalism. Parents more frequently discussed negativity within free

response questions.
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materials. Here, we utilize person-first language with respect to
describing people who have obesity, as recommended by the
American Medical Association. The magnitude of these changes
did not differ significantly by weight group (Fig. 3). Parents with
overweight more often endorsed guilt about the effect their life-
style or environment may have had on their child’s epigenetic
markers (v2 ¼10.27, P ¼ 0.001); 83% of parents with overweight
endorsed guilt, compared with 55% of lean parents. Despite this
more frequent endorsement of guilt, parents with overweight
were equally as likely to feel that they could act to improve their
child’s health because of learning about epigenetics (t ¼ 2.04,
df ¼ 144.12, P ¼ NS; Fig. 3).

Within the free response data, parents with overweight were
less likely to write about epigenetics with a positive tone and
less frequently identified their own behaviors that they believe
‘positively’ affected their child through epigenetic processes
(v2 ¼8.38, P ¼ 0.004; Fig. 4). For example, while lean parents were

more likely to identify exercise or healthy eating as a positive
behavior that may have impacted their child, e.g. ‘I was raised
to eat healthy and be active, those likely transferred to [my
child].’ These positive behaviors, or lack of negative behaviors,
were not cited as often among parents with overweight.

Discussion

This work is the first to explore parental responses to learning
about epigenetics concepts wherein epigenetic changes caused
by parent environment and behavior are passed down to their
child. Overall, after learning about epigenetics, parents en-
dorsed a higher importance of both a mother’s and father’s pre-
conception lifestyle on a child’s health. Furthermore, parents
felt that the impacts of mothers’ and fathers’ lifestyles prior to
conception were equivalent after viewing the epigenetics mod-
ule. In terms of affective response to epigenetics, most parents

Figure 1: comparison of mothers and fathers for scale response items. For almost all survey questions, there was no significant difference between mothers and

fathers. However, fathers reported a lower impact of fathers’ preconception lifestyle on children’s health than mothers did (t ¼ �2.56, df ¼ 93.85, P ¼ 0.01)

Figure 2: comparison of themes and endorsement of guilt among mothers and fathers. Of 112 mothers, eight expressed personal fault when answering the free re-

sponse questions. Of 50 fathers, zero expressed personal when answering the free response questions. This difference is approaching significance (Fisher’s exact test,

P ¼ 0.059). Of 112 mothers, 36 discussed factors such as stress or unhealthy environments which negatively impacted themselves and therefore may have negatively

impacted their children through epigenetics processes. Fathers less frequently discussed these factors (eight out of 50 fathers); Fisher’s exact test P ¼ 0.036
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expressed some level of guilt after viewing the module and felt
more negatively than positively about epigenetics concepts.
Differences in response between mothers and fathers were
minimal, with the exception that mothers were more likely to
discuss outside factors, such as stress or environment that neg-
atively influenced them, and therefore their child, through epi-
genetic processes. Interestingly, compared with parent gender,
parental weight status had more influence on reception of the
epigenetics content. Parents with overweight were more likely
to feel guilt and less likely to discuss epigenetics using positive
tone. This was despite the epigenetics learning module not
mentioning the impact of parent weight on children’s epige-
netics or health. The larger research context in which this study
was embedded did, however, discuss healthy eating for children
and contained some content about obesity in questionnaires
which may have influenced these outcomes.

Prior to investigating these responses, we excluded 15% of
participants because they were already familiar with the con-
cept of epigenetics. This may be because �30% of the sample
was employed at the National Institutes of Health. It is therefore
very likely that the prevalence of epigenetics knowledge within

the general population is lower. Although epigenetics messages
are becoming more prevalent in media and educational con-
texts, most of our sample had not seen these messages, recog-
nized them as epigenetics, and/or understood the concept.

When exploring how parents understand their role in
influencing their child’s epigenetics, we found that prior to
viewing the epigenetics module; parents endorsed a higher
impact of mothers’ preconception lifestyles on children’s health
than fathers’ lifestyles. We suspected this would be the case
due to the ubiquity of clinical and public health messages
mothers receive which emphasize health-promoting behaviors
during pregnancy, and sometimes during preconception
counseling in preparation for pregnancy. Additionally, the po-
tential for intrauterine influences on a developing fetus are gen-
erally well-known among the public [46]. Without knowledge
about epigenetic influences, parents likely perceive there to be
few mechanisms through which fathers’ preconception envi-
ronment and behavior could influence the child, except as they
relate to the mother. Following provision of epigenetics infor-
mation, however, ratings of parental influence rose for both
mothers and fathers with fathers’ influence ultimately equaling

Figure 4: comparison of themes and guilt between parents with overweight and lean parents. Of 70 lean parents, 27 endorsed positive tone when answering free re-

sponse questions. This was significantly higher than parents with overweight, where 11 of 92 total parents endorsed positive tone (v2 ¼ 15.68, P < 0.0001). Of 92 parents

with overweight, 76 endorsed guilt about the effect their lifestyle may have had on their child’s epigenetics. This was significantly less than lean parents, 42 (of 70 total)

of who expressed guilt (v2 ¼ 10.27, P ¼ 0.001). There were no other significant differences between parents with overweight and lean parents

Figure 3: comparison of parents with overweight and lean parents for Likert response items. For most survey questions, there was no difference between parents with

overweight and lean parents. However, parents with overweight more often stated that learning about epigenetics made them feel like they could act for their child’s

health (t ¼ 2.04, df ¼ 144.12, P ¼ 0.04)
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mothers’. Presumably this occurred because epigenetics intro-
duced a new mechanism through which fathers’ preconception
behavior and environment could influence child health.

Consistent with the heightened recognition of their role in
conferring health risk to their children, most parents endorsed
some level of guilt about the influence they may have had on
their child’s health through epigenetic changes. These results
are consistent with previous work demonstrating the signifi-
cant role of parental guilt related to passing down genetic risk
for health conditions [35, 36, 40]. Both conceptually and in previ-
ous work, guilt has been linked to behavior change such that
individuals improve their behavior to alleviate the source of
their guilt [47]. It may be the case that experiencing guilt due to
epigenetic messages could reinforce parental behavior change.
However, this is unlikely to happen if parents feel fatalistic, or
feel unable to act to reduce the health threats caused by the epi-
genetic changes they passed down. It is therefore encouraging
that we observed that most parents reported they ‘could’ take
action to improve their own and their child’s health in the face
of epigenetic mechanisms. This was particularly interesting
because, while epigenetic changes also occur after birth, the
module did not focus on these changes. Thus, it is possible that
information about parental behavior as it relates to post-natal
epigenetic changes may be additionally motivating for parents.

We anticipated that we might see differences based on par-
ent gender because epigenetic information would introduce a
new role for fathers in influencing child health prior to concep-
tion, and also because of gender differences in child care and re-
sponsibility [48–50]. We did observe some differences, though
only on a few fronts. Namely, mothers more frequently dis-
cussed negative environmental factors, such as stress they had
experienced, that may have impacted their child’s epigenetic
markers. This could indicate that mothers are either more
affected by environmental factors or more aware of how these
influences are affecting them; e.g. women report being more
affected by stress than men [51, 52]. Generally, the relative lack
of observed differences provides preliminary evidence that
future public health messages invoking epigenetics may be
effective for both mothers and fathers.

Finally, we observed differences by parental weight status
such that parents with overweight reported more guilt about
the negative effects they may have had on their child’s epige-
netic markers. Higher guilt among parents with overweight is
consistent with a previous study which found that mothers
who reported a higher body mass index endorsed more genetic-
oriented guilt after receiving an obesity risk report for their chil-
dren [40]. Weight status seems to play an important role in how
parents’ process information related to genetics and health be-
havior [40, 53]. Importantly, although parents with overweight
reported more guilt, they felt as able to take action for their
child’s health after learning about epigenetics as lean parents.
This suggests that these parents were not feeling fatalistic after
viewing the information and may be receptive to messages
prompting behavior change to improve their child’s health in
the future. Interestingly, we also observed a pattern wherein
lean parents felt more positively about epigenetics and the
effect they may have had on their child’s epigenetics. Further
research is needed to determine if this positive engagement
encourages healthy behaviors (or the maintenance of them) or
if parents are not focused on healthy behaviors because
they feel like their children are protected from negative health
outcomes due to epigenetics. These results suggest that future
epigenetics messages may benefit from being tailored to paren-
tal weight status.

This study has several limitations. The first is that the epige-
netics module presented to parents was simplified and general;
it did not discuss all aspects of epigenetics; while this work was
informative as an initial study of parent perspectives, our
generalizability is limited. Additionally, while the information
presented was simplified, it was likely more detailed content
than parents would get from public health or clinical messages,
which limits our ability to generalize these findings to other
message contexts. Furthermore, this study occurred in the con-
text of a larger study which focused on child feeding. Even
though we did not observe differences by experimental group in
the analyses presented herein, we cannot disentangle the
priming effects that the primary study may have had on our
participants. This is especially true given our lack of control
group. However, health messages are likely to be delivered to-
gether in public health and clinical settings, so our participants
received epigenetics information in a context that may be simi-
lar to that of the real world. Future work should establish the
effect of epigenetic information when it stands on its own, as
compared with a control group.

This study represents an initial step toward understanding
mothers’ and fathers’ reactions to epigenetics educational
material. However, follow-up research is needed to understand
these responses in greater depth, including exploring factors
that promote message acceptance and behavioral changes,
while discouraging feelings of fatalism. Future work should
further investigate the mechanisms by which epigenetics
messages may successfully spur behavior change; for
example, whether feelings of guilt lead to health-promoting
behavior among parents. Furthermore, the positive emotions
endorsed by lean parents need to be further studied to ensure
that parents do not perceive positive preconception behaviors
as protective against the effects of later, unhealthy behaviors
as the child grows. If epigenetics messages do lead to positive
behavior change, they could be leveraged to improve public
health through educating current and future parents about
how their behaviors and environments impact their children’s
health. As concepts surrounding epigenetics continue to be-
come more salient in educational, media, and medical con-
texts, it will be essential to understand whether and how we
can leverage these concepts to positively affect parents’ health
behaviors on behalf of their children, and the factors and
mechanisms that may underlie the successful communication
of such ideas.

Methods
Participants

This study included 190 parents (126 mothers) with a child
between the ages of four and seven who was the participant’s
biological child, lived with the participant at least part of the
time, and who had no major dietary restrictions. Participants
were recruited for a larger study focused on the impacts of
health messaging on parental feeding behavior [54]. We ex-
cluded individuals wherein another household member or their
child’s other biological parent had already participated in
the study. See the primary outcome paper for full inclusion and
exclusion criteria [54]. Participants were recruited via flyers,
research databases, and word of mouth. Participants were
compensated $60 for their participation, and the Institutional
Review Board at the National Human Genome Research
Institute approved the protocol.
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Procedure

Participants were recruited for a study evaluating the interac-
tive effects of emotional state and health messaging frame-
works on parents’ food choice behavior [54]. As a part of this
study, participants were consented online and filled out a base-
line questionnaire online prior to coming into the National
Institutes of Health campus for a lab visit. During the in-person
lab visit, participants were re-consented and completed the first
part of the study, wherein they were randomized to either a fear
or anger emotion induction and to either a gain or loss-framed
message focused on the importance of fruits and vegetables in a
child’s diet. Participants then used a virtual reality buffet where
they were instructed to create a lunch plate for their child. A fi-
nal questionnaire followed. Aside from demographic items pre-
sented on the baseline questionnaire, none of the data for the
current analysis were collected during these parts of the study.

The epigenetics module within this study is the focus of the
current analysis. Following the tasks described earlier, partici-
pants completed a short questionnaire about their familiarity
with epigenetics, viewed an educational video and slideshow
about epigenetics concepts, and completed a post-educational
materials questionnaire.

Epigenetics Module

The epigenetics educational materials consisted of a video cre-
ated by MinuteEarth [55] and a slideshow created for this project
(Supplementary Appendix SA). The video explains how the in-
heritance of acquired characteristics is possible through epige-
netic processes which affect how genes are expressed. It utilizes
the paternal inheritance of fear of the smell of acetophenones
in rats [56], and the health effects of famine among human men
on future generations in Overkalix, Sweden [57, 58] as illustra-
tive examples of the effects of epigenetics on the inheritance of
acquired characteristics.

Following the video, participants viewed a digital slideshow
that reiterated the effect of changes in gene expression due to
epigenetics, with a specific focus on the effects of maternal
experiences on offspring (Supplementary Appendix SA). The sli-
deshow reviewed the rat example from the video and discussed
an example in humans where the children of mothers who
experienced hardship during the 1998 Quebec ice storm had
poor health outcomes later in life [59]. The end of the slideshow
discussed how epigenetics has the potential to affect the partic-
ipants’ children through parental exposure to factors such as
smoking, chemicals, and poor nutrition.

Measures

Demographics
All demographic information was collected through self-report
in the baseline questionnaire. Participants provided their
gender, age, level of education completed, and census-category
ethnicity and race. We also collected participants’ perceived
weight status with one question (‘Which of the following best
describes your weight right now?’, ‘Underweight’, ‘About right’,
‘Overweight’, ‘Very overweight’). In subsequent analyses, partic-
ipants who responded Overweight or Very overweight were cat-
egorized as having overweight, and participants who responded
‘Underweight’ or ‘About right’ were categorized as lean.

Pre-Educational Measures
All questionnaire items were developed de novo for the purposes
of this study as suitable measures did not exist. Prior to viewing
the educational materials, participants were asked two yes-or-
no questions: ‘Have you heard of the term epigenetics?’ and ‘Do
you know what epigenetics means?’ If they answered ‘yes’ to
the first question, participants were asked to provide context re-
garding where they had heard the term. If they answered ‘yes’
to the second question, participants were asked to define epige-
netics in their own words. This free response item was double

Table 2: description of closed response measures utilized in the study

Measure name Question Responses

Perceived weight status Which of the following best describes your weight right now? Underweight
About right
Overweight
Very overweight

Act for my health To what extent did learning about epigenetics make you feel that
there is action you can take to improve ‘your’ health?

1–5 scale
1 ¼ I feel a lot less able to take action to

improve my health
5 ¼ I feel a lot more able to take action to

improve my health.
Act for my child’s health To what extent did learning about epigenetics make you feel that

there is action you can take to improve ‘your child’s’ health?
1–5 scale
1 ¼ I feel a lot less able to take action to

improve my child’s health
5 ¼ I feel a lot more able to take action to

improve my child’s health.
Impact of mother’s lifestyle In your opinion, how important is a ‘mother’s’ lifestyle prior to a

child’s birth in determining the overall health of the child
throughout the child’s life?

1–5 scale
1 ¼ not at all
5 ¼ extremely

Impact of father’s lifestyle In your opinion, how important is a ‘father’s’ lifestyle prior to a
child’s birth in determining the overall health of the child
throughout the child’s life?

1–5 scale
1 ¼ not at all
5 ¼ extremely

Guilt To what extent did learning about epigenetics make you feel
guilty about the influence your lifestyle may have had on your
child’s health through epigenetic changes you passed down?

1–5 scale
1 ¼ not at all
5 ¼ extremely
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coded by trained coders to determine if the participant’s defini-
tion of epigenetics was accurate (j ¼ 0.88). In total 52% of the
free response dataset was double coded; the remainder of the
data was single coded once coders had reached sufficient agree-
ment. Participants who correctly defined the term were consid-
ered to have a prior knowledge of epigenetics. Participants also
responded to questions assessing their thoughts regarding the
impact of mothers’ and fathers’ preconception lifestyle on
children’s health (Table 2).

Post-Educational Measures
Following the educational materials, participants again an-
swered the two questions about the importance of a mother’s
and a father’s lifestyle prior to a child’s birth. In later analyses,
we computed the difference between the pre-education score
and the post-education score for each of these questions by
subtracting the pre-education score from the post-education
score. Participants also answered questions regarding whether
learning about epigenetics made them feel they could act for
their own or their child’s health (Table 2). We also assessed guilt
with one question (Table 2). In later analyses, we dichotomized
participants into two groups based on this question: the first
group did not report any guilt (response ¼ 1) and the other
group indicated some level of guilt (response > 1), as the scale
responses were not normally distributed, displaying a skewness
of 0.34 and kurtosis of �0.84. Finally, participants responded to
two open-ended questions: ‘Please describe what you think epi-
genetics might mean for your own children and family’ and
‘What are some specific ways in which your lifestyle and/or

environment could impact your child’s health through epige-
netic processes?’

Data Analysis

The two post-educational module free-response questions were
combined into one response per participant and coded for
themes by two independent trained coders. Responses were
coded for the following content: parent behavioral influences
on child’s epigenetic markers (positive and negative), environ-
mental influences on the parent which may have impacted the
child’s epigenetic markers (positive and negative), personal
fault, positive tone, and negative tone; see Table 3 for details.
Each item was coded dichotomously as present (i.e. mentioned
by the parent) or not present (i.e. not mentioned by the parent).
In some cases, both positive and negative content were coded
as present (i.e., the parent mentioned a positive behavioral
influence and a negative behavioral influence). After double
coding 50% of the data, each theme yielded a minimum kappa
of 0.64, indicating sufficient agreement between coders. The
remaining 50% of the data was single coded.

The t-tests were used to compare Likert-scale questions.
Chi-squared tests or Fisher’s exact tests were used to compare
themes from quantitative content analysis and guilt. To deter-
mine the need for covariates in later analyses, t- and chi-squared
tests were used to compare demographics and close-ended
measures across gender and weight status groups. No significant
demographic differences emerged across either group type.
Thus, no demographic variables were included in subsequent
analyses. Additionally, when included in later analyses,

Table 3: description of themes used in quantitative theme analysisa

Theme name Theme description Example quote

Behavioral
Influence—Positive

Parent references his/her own behaviors which may have
‘positively’ impacted his/her child’s epigenetic markers

‘Improving diet and exercise during pregnancy
(cut out sodas, added organic whole foods,
prenatal yoga)’

Behavioral
Influence—Negative

Parent references his/her own behaviors which may have
‘negatively’ impacted his/her child’s epigenetic markers

‘My eating habits are not good for [my child]’

Environmental
Influence—Positive

Parent references his/her environment which may have
‘positively’ impacted his/her child’s epigenetic markers

‘I’m fortunate to have led a very low-stress life,
so I suspect it’s benefitted him more than the
average child’

Environmental
Influence—Negative

Parent references his/her environment which may have
‘negatively’ impacted his/her child’s epigenetic markers

‘I was exposed to significant stress before preg-
nancy that I never thought would impact [my
child] on a biological level.’

Personal Fault In addition to referencing his/her own behaviors which may
have negatively impacted his/her child’s epigenetic
markers, parents also take responsibility and express re-
gret for these behaviors.

‘I allowed stress to impact my pregnancy. It
would have been better to be in a better finan-
cial situation before having [my child] and be
more focused on my overall health’

Positive Tone Parents utilized positive language and examples in their
responses;
Determined by examination of entire response as to
whether parent felt positively about epigenetics.
Tone did not require that parents discussed themselves
specifically.

‘[Epigenetics] means if we have good eating hab-
its, the genes will read this information and
pass through future generations, making them
healthy people and with less chance to get
obesity and all different kinds of diseases’

Negative Tone Parents utilized negative language and examples in their
responses;

Determined by examination of entire response and determi-
nation as to whether parent felt negatively about
epigenetics.

Tone did not require that parents discussed themselves
specifically.

‘Stressful periods, poor eating habits, alcohol - all
seem like potentially negative impacts
through epigenetic processes’

aEach participant’s combined free response was coded for the presence of each theme. Behavioral Influences, Environmental Influences, and Personal Fault required

that participants specifically referenced themselves or their child. Tone did not require the specific reference to the self or child.
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experimental condition was a non-significant covariate and did
not change the nature of other relationships, and thus is not in-
cluded in results below. Participant gender and perceived
weight status were assessed as potential moderators of rela-
tionships. A false discovery rate of 10% was used to assess sig-
nificance [60]. The P-values � 0.02 were considered significant.

Acknowledgements

The authors would like to acknowledge Rebecca A. Ferrer,
William M.P. Klein, Rachel W. Cohen, William D. Kistler,
and Sofia Bouhlal for their contributions to this study.
Deidentified quantitative data are available at https://osf.io/
rg7yn/? view_only¼146928cdb7e642448fffee21536b8381.

Funding

This work was funded by the intramural research program
of the National Human Genome Research Institute at the
National Institutes of Health.

Supplementary data

Supplementary data are available at EnvEpig online.

Conflict of interest statement. None declared.

References
1. What is Epigenetics? https://ghr.nlm.nih.gov/primer/howge

neswork/epigenome (10 September 2019, date last accessed).
2. Alegria-Torres JA, Baccarelli A, Bollati V. Epigenetics and

lifestyle. Epigenomics 2011;3:267–77.
3. Burgio E, Lopomo A, Migliore L. Obesity and diabetes: from

genetics to epigenetics. Mol Biol Rep 2015;42:799–818.
4. Lolak S, Suwannarat P, Lipsky RH. Epigenetics of depression.

Prog Mol Biol Transl Sci 2014;128:103–37.
5. Hing B, Gardner C, Potash JB. Effects of negative stressors on

DNA methylation in the brain: implications for mood and
anxiety disorders. Am J Med Genet B Genet 2014;165B:541–54.

6. Loke YJ, Hannan AJ, Craig JM. The role of epigenetic change
in Autism spectrum disorders. Front Neurol 2015;6:107.

7. Murgatroyd C, Spengler D. Epigenetics of early child develop-
ment. Front Psychiatry 2011;2:16.

8. Essex MJ, Thomas Boyce W, Hertzman C, Lam LL, Armstrong
JM, Neumann SMA, Kobor MS. Epigenetic vestiges of early
developmental adversity: childhood stress exposure and
DNA methylation in adolescence. Child Dev 2013;84:58–75.

9. Sales VM, Ferguson-Smith AC, Patti ME. Epigenetic mecha-
nisms of transmission of metabolic disease across genera-
tions. Cell Metab 2017;25:559–71.

10.Yikar SK, Nazik E. Effects of prenatal education on complaints
during pregnancy and on quality of life. Patient Educ Couns
2019;102:119–25.

11.Chedid RA, Phillips KP. Best practices for the design, imple-
mentation and evaluation of prenatal health programs.
Matern Child Health J 2019;23:109–19.

12.Premji S, McDonald SW, Zaychkowsky C, Zwicker JD.
Supporting healthy pregnancies: examining variations in nu-
trition, weight management and substance abuse advice pro-
vision by prenatal care providers in Alberta, Canada. A study
using the All Our Families cohort. PLoS One 2019;14:e0210290.

13.Caffrey A, Irwin RE, McNulty H, Strain JJ, Lees-Murdock DJ,
McNulty BA, Ward M, Walsh CP, Pentieva K. Gene-specific

DNA methylation in newborns in response to folic acid sup-
plementation during the second and third trimesters of preg-
nancy: epigenetic analysis from a randomized controlled
trial. Am J Clin Nutr 2018;107:566–75.

14.Rotroff DM, Joubert BR, Marvel SW, Håberg SE, Wu MC, Nilsen
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