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Abstract

Gene-environment interaction (GXE) concepts underlie a proper understanding of complex
disease risk and risk-reducing behavior. Communicating GXE concepts is a challenge. This
study designed an educational intervention that communicated GxE concepts in the context
of eating behavior and its impact on weight, and tested its efficacy in changing knowledge,
stigma, and behavior motivation. The study also explored whether different framings of GxE
education and matching frames with individual eating tendencies would result in stronger
intervention impact. The experiment included four GXE education conditions and a control
condition unrelated to GXE concepts. In the education conditions, participants watched a
video introducing GXE concepts then one of four narrative vignettes depicting how a charac-
ter's experience with eating hyperpalatable or bitter tasting food (reward-based eating drive
vs. bitter taste perception scenario) is influenced by genetic or environmental variations
(genetic vs. environmental framings). The education intervention increased GxE knowl-
edge, genetic causal attributions, and empathetic concern. Mediation analyses suggest that
causal attributions, particularly to genetics and willpower, are key factors that drive down-
stream stigma and eating behavior outcomes and could be targeted in future interventions.
Tailoring GXE education frames to individual traits may lead to more meaningful outcomes.
For example, genetic (vs. environmental) framed GxE education may reduce stigma toward
individuals with certain eating tendencies among individuals without such tendencies. GxE
education interventions would be most likely to achieve desired outcomes such as reducing
stigma if they target certain causal beliefs and are strategically tailored to individual
attributes.
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Introduction

Complex diseases, which present a significant public health challenge in the United States,
often result from interactions between one’s genome and their environment [1]. With the
growing influence of genomics technologies on disease risk prediction and prevention [2], and
their potential to encourage risk-reducing behaviors [3], effectively conveying gene-environ-
ment interaction (GXE) concepts is increasingly important. At the same time, GXE remains a
difficult concept to communicate, and new approaches are needed to increase GXE knowledge
and support knowledge application to relevant health and social domains.

GxE refers to the notion that the phenotypic expression of traits, diseases, and other features
depends on multiple genes, environmental factors, and their interactions [4]. GXE concepts
underlie a proper understanding of complex disease risk and risk-reducing behavior, which is
crucial for individual health decision-making and is especially helpful for those at high genetic
risk [5-7]. Better understanding of GXE has been associated with less deterministic thinking
about health outcomes, heightened consideration of environmental and behavioral factors that
influence health conditions, stronger motivation to adopt risk-reducing behaviors, and
reduced stigmatization of individuals with certain health conditions [8-10]. Given their
importance, GXE concepts have long been targeted for education across public health, health-
care, and science education domains [6, 7, 11].

Successfully communicating GXE concepts has proven challenging, with school curricula
[6], web-based materials [12], and media portrayals [13] often falling short of stated goals. Pre-
vious attempts have often either emphasized the influence of one factor while diminishing oth-
ers or have presented genetic and environmental factors as independent causes of health
conditions. This is consistent with the notion that individuals tend to consider genetic and
environmental factors separately, switching between genetics- and environment-dominant
models depending on context [14]. This makes communicating the two causal factors as a
joint model particularly challenging. Exploratory educational intervention studies suggest that
using metaphors may improve GxE knowledge, but the effectiveness of this approach may
depend on factors such as the delivery approach and the complexity of the metaphors [15, 16].
Thus, novel educational interventions are needed to effectively teach GXE concepts.

Communicating GxE influences on eating behavior

This study focuses on communicating GXE concepts in the context of eating behavior and its
influence on weight. Eating behavior is influenced by interactions between genes and environ-
ment [17-20]. Eating behaviors are familiar and concrete to most individuals. Therefore, com-
municating GXE concepts in the context of eating behavior may be more easily understood by
general audiences and may improve GxE knowledge and modify causal attributions for eating
behaviors. However, eating behavior traits have not been explored as a basis for teaching GxE
concepts.

In addition, the potential downstream effects of communicating GXE concepts related to
eating behavior remain unexplored. Here the downstream outcomes include empathy, weight
bias, and behavior change outcomes that may stem from changes to causal beliefs. Studies
examining the influence of genetic attributions on eating behavior and those investigating
GxE causal attributions for weight, suggest potential influences on both motivation for health-
promoting behaviors and on stigmatization and empathy related to weight status. Overall, the
literature suggests that causal beliefs are expected to mediate the influence of communicating
GxE concepts on downstream outcomes as they have previously been associated with stigma
[21, 22] and behavior change motivations [23]. GXE explanations can sometimes reduce blame
and negative attitudes arising from purely environmental or behavioral explanations for
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weight [24-26]. A recent study that directly tested the mediation mechanism found that a GxE
education intervention related to eating behaviors reduced weight stigma and increased empa-
thy through increasing genetic causal beliefs [10].

However, GXE education aiming to alter causal beliefs may not always lead to the intended
outcomes. Previous work has uncovered undesirable negative effects of GXE education, such
as disengagement from risk information [26]. Genetic attributions for eating behaviors have
sometimes led to fatalistic beliefs and maladaptive dietary behaviors [27, 28]. This highlights
the need for GXE educational interventions that are easy to understand, applicable to everyday
life, and that avoid potential misinterpretation. Moreover, given the key role of moderators in
determining the influence of causal attributions, it is essential to consider the situations under
which GxE education can be most successful in supporting learning, prompting empathy,
reducing stigma, and in encouraging rather than discouraging health-promoting behavior.

Framing in GXE education

When teaching GXE concepts, examples are typically framed either in terms of genetics (i.e.,
how a single environment might differentially affect individuals with two different genotypes)
or environment (i.e., how a single genotype might manifest in two different environments).
Framing can influence message interpretation and message effects [5, 29], and certain frames
might better match specific educational outcomes [25, 30]. We propose that environmental
framing may better encourage behavior change motivation, while genetic framing may better
increase empathy and reduce stigma.

Environmental framing highlights how variations or purposeful changes in the environ-
ment can result in different health outcomes for an individual with a given genotype. The
Health Belief Model [31] suggests that communicating about modifiable environmental factors
provides a cue to action, which may prompt individuals to consider making such modifica-
tions with increased self-efficacy [32]. Consistent with this theoretical prediction, emphasizing
the environment could increase perceived controllability of one’s eating tendencies and self-
efficacy, and thereby increase intention for health behavior change [22, 25, 33]. Indeed, deter-
ministic outcomes noted in previous literature are often interpreted as responses to the genetic
component of the GxE message [27].

On the other hand, framing which emphasizes unmodifiable genetic influences on eating
behavior in GxE education might be more effective for eliciting empathy and reducing stigma-
tizing attitudes. As suggested by Weiner’s attribution theory [34], higher genetic attributions
are associated with less perceived personal responsibility for one’s condition [35, 36], which
can increase sympathy and prosocial behaviors toward stigmatized individuals. Emphasizing
genetic factors related to weight is often associated with less expression of weight-based stigma
and bias [22, 24, 37, 38], and more willingness to help people with obesity [25].

Tailoring in GXE education

Tailoring and targeting interventions to key sub-populations has long been considered best
practice in health communication [39]. Tailored communication is designed to be relevant to
individuals” experiences, attitudes, and concerns, thereby increasing message effectiveness
[39]. Studies suggest that the effectiveness of obesity education interventions, for example, is
dependent on individuals’ education level [24], pre-existing causal beliefs [22], emotional state
[40], and personal history of the health condition [41]. In the context of GXE education, mes-
sage tailoring based on individual traits and attributes has been understudied, despite evidence
supporting tailoring effects in other contexts.
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The current study provides education in the context of two specific eating behavior tenden-
cies—reward-based eating drive (RBED) and bitter taste perception (BTP). RBED is an “exces-
sive drive to eat that results from feelings of lack of control, diminished satiety, and
preoccupation with food” [42, p. 2]. With high RBED trait, individuals are more likely to con-
sume less nutritious foods, particularly those rich in sugar, fat, and salt, such as highly-pro-
cessed foods [43, 44]. BTP describes one’s sensitivity to the bitter taste of certain compounds
in food [45]. Individuals who are more sensitive to bitter taste tend to dislike bitter foods such
as certain types of vegetables [45]. Both tendencies predispose individuals toward less healthy
eating behavior and are associated with reduced dietary self-efficacy [43-46].

Whether or not an individual has a predisposition toward RBED and/or BTP is an impor-
tant factor to consider for tailoring an educational intervention. Illustrating GXE concepts in a
scenario related to an eating behavior trait one experiences should be more relevant and
directly address any existing negative beliefs or habits [39]. In addition, although both traits
relate to genetic predispositions, RBED is culturally associated with a lack of willpower or
behavioral control [42], while the genetic link to bitter taste receptors is more straightforward
[47]. RBED may also be viewed more negatively than BTP [48] due to assumptions that it is
more controllable.

Therefore, individuals with high RBED trait may relate more to environmental framing,
while genetic framing may be better understood by individuals with high BTP trait. Previous
work has also shown that for some eating behavior traits, including BTP, whether or not an
individual exhibits that trait determines how genetic causal attributions for the trait influence
dietary confidence [46]. These examples demonstrate the potential for one’s own eating behav-
ior traits to influence responses to GxE education. Understanding tailoring effects on key out-
comes can inform practical approaches in future intervention design.

The present study

The present study tested the effectiveness of communicating GXE concepts through a combi-
nation of an educational video and experiential narrative vignettes. In these vignettes, individ-
uals were asked to imagine themselves in food-relevant scenarios with genetic and
environmental risk factors for less healthy eating behaviors, followed by an alternative scenario
where either the genetic or the environmental factor was changed. The vignettes were
described from an experiential perspective (e.g., “imagine your genes make you more likely to
notice and pay attention to delicious foods in your environment”.) This approach was used
because first-person narratives can make scientific concepts more relevant and accessible,
enhancing content understanding and retention of the educational content [49, 50]. Moreover,
perspective-taking can be helpful in generating empathy and reducing stigma [10, 51, 52].

The study design experimentally varied framing (genetic vs. environmental) and the char-
acter’s experience with eating hyperpalatable or bitter food (RBED vs. BTP) and included a
control condition unrelated to GXE concepts. We preregistered hypotheses with Open Science
Foundation (https://osf.io/zmbqu?view_only=d22201aa09294414b11fbb1ce9a3969b) and
added exploratory research questions. Causal beliefs, perspective taking, and confidence were
not included in the preregistration. We added these outcomes because they are conceptually
related to the outcomes proposed in hypotheses (i.e., GXE knowledge, empathetic concern,
and self-efficacy).

H1: GxE educational vignettes will result in

a. better GXE knowledge (i.e., knowledge recall, knowledge application) and stronger
genetic and environmental causal beliefs,
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b. greater empathy toward vignette characters (i.e., empathetic concern and perspective
taking),

c. and less weight bias (i.e., weight stigma and weight stereotyping) than the control
condition.

H2: GxE educational vignettes with an environmental framing will result in greater behavior
change motivation (i.e., confidence, self-efficacy, and intention to change diet) compared to
the control condition (H2a) and to the genetic framing condition (H2b).

H3: GxE educational vignettes with a genetic framing will result in greater empathy toward
vignette characters (i.e., empathetic concern and perspective taking) and less weight bias
(i.e., weight stigma and weight stereotyping) compared to the control condition (H3a) and
to vignettes with an environmental framing (H3b).

RQ1: Does the relative effectiveness of framing and scenario type vary for individuals who are
high vs low in the relevant eating behavior traits (i.e., RBED and BTP)?

RQ2: Are effects of the intervention on empathy, stigma, and health behavior outcomes medi-
ated by causal beliefs, and do mediation models reveal any indirect effects in the absence of
direct effects?

Methods

Design and procedure

The study was deemed IRB exempt through the National Institutes of Health Office of Human
Subjects Research. Participants’ consent obtained by clicking a box indicating agreement in an
online survey. The procedure and study design are shown in Fig 1. First, participants filled out
an online survey that included questions about their eating behaviors and related attitudes.
Next, participants were randomly assigned to one of the four GXE education vignette condi-
tions or the control condition. In the GXE education conditions, participants first watched a
GxE educational video introducing GxE concepts and explaining how the influence of genes
depends on a person’s environment and vice versa. After that, participants watched one of the
four narrative vignettes depicting how the character’s experience with eating hyperpalatable or
bitter taste food (RBED vs. BTP scenario) is influenced by genetic or environmental variations
(genetic vs. environmental framings). In the control condition, participants first watched an
educational video about spicy food, and then watched a vignette video that demonstrated how
one’s experience during a dinner party might unfold differently if the food spice level was dif-
ferent. The educational videos were created by the research team based on an earlier version in
a previous study [10]. Links to all videos are available in S1 Appendix. Finally, participants
completed knowledge checks and answered questions about empathy, weight bias, and behav-
ior change motivation.

Participants

To calculate the required sample size, we used a conservative effect size associated with
between-group differences in the assessment of digital learning materials wherein Cohen’s f=
.12 [53]. With a significance criterion of o. = .05 and power = .80, the minimum sample size
needed with this effect size was N = 673 for a fixed effects ANOV A with five groups. 826 partic-
ipants were recruited via Amazon Mechanical Turk through CloudResearch. Participants were
excluded if they discontinued the survey prior to watching videos (n = 29), did not agree to be

PLOS ONE | https://doi.org/10.1371/journal.pone.0300452 May 9, 2024 5/19


https://doi.org/10.1371/journal.pone.0300452

PLOS ONE Impact of gene-environment interaction education on knowledge, stigma, and behavior motivation

[ Pretest Survey }
Control Condition \ ‘,/ GxE Education Conditions
[
Education . ; 5 . : !
Module Video about spicy food Video about GXE influence on eating behavior
A
/ \ BTP Scenario RBED Scenario
The video shows a character with a genetic ﬁ:::i;;lds; tsil(:?lvzs ;ec:;;:;:tzzv]:lth #geucte \
. predisposition to dislike bitter food. It then fxype qf’alatable el it cor}:lpares e
The character dislikes the EnVIrom.nental somparee the c.haracter's exp.lerie1‘10e when character's experience when a coworker brings
sensation when they eat L ey At o Gimne gy el e hyperpalatable unhealthy snacks and when the
ip iCny;OOd. ith V:ﬁi} ?’::I’ilte}lar?jnv;lilte:;rtz;;tzg:ﬁi; dinmer character brings healthy snack alternatives to
Vignette i it . ’ / \ the office. /
spicy food.
- Dmner.p vt : : . /T he video shows an office setting where \
non-spicy The video shows a dinner party with bitter a coworker brines hyperpalatable unhealth
alternatives. . vegetable. It then compares the character's 8s yperp y
Genetic experience when they have a genetic e lisiinon Sompares e
Framing predisposition to dislike bitter food and ;Zzzfcte;;zzi fslftlil;el :th;:at:lt::c?:gz;
hen they do not h: h ti
VTSR RS ¢ MO RN FaNai hyperpalatable food and when they do not
predisposition.

\& J/ )\ \ j @ve such a genetic predisposition. ﬂ
- l

[ Posttest Survey J

Fig 1. Study design and procedure elements.

https://doi.org/10.1371/journal.pone.0300452.9001

honest or refrain from using outside sources to answer outside questions (n = 39), were unable
to see or hear videos (n = 66), indicated there was a reason to exclude their data (n = 35), self-
reported unrealistic height/weight (n = 3), or had poor quality answers to open-ended ques-
tions (n = 8). Our final sample consisted of 685 adults with a mean age of 39.93 (SD = 11.97).
See Table 1 for additional demographics.

Measures

Knowledge and belief. Knowledge recall was measured with 11 true-false items adapted
from Martingano et al. [10] Some questions could be answered by recalling information from
the educational videos, while others required higher-level generalization of the knowledge.
Example items included “Genes have no influence on which flavors of food people enjoy” and
“Some lifestyle choices affect people differently because they have different genes”. Participants
were given 1 point for each correct answer and 0 points for an incorrect answer or a “don’t
know” response (o = .71).

Knowledge application measure was created by the research team. Participants read about
two characters who have different genetic predispositions in terms of how quickly they feel full
while eating. In three scenarios, participants were asked to estimate the number of calories that
the characters would consume on a scale from 0 to 2000 and explain the rationale for their cal-
orie estimate in an open-ended question. The first scenario measured participants’ under-
standing of genetic influences on eating, the second measured understanding of
environmental influences on eating, and the third measured understanding of an interactive
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Table 1. Summary of demographic variables.

N Percentage %

Gender

Male 340 50

Female 335 49

Other genders 10 1
Race

White 537 78

Asian 40 6

Black 70 10

Other 38 6
Marital status

Married 264 39

Single 247 36

Widowed/Divorced/Separated 86 12

Non-Marital Relationship 68 10

Other 13 3
Sexuality

Bisexual 60

Gay/ Lesbian 25

Straight 579 85

Other 20 2
Self-reported weight status

Overweight 362 53

Not Overweight 323 47
Reward based eating drive trait

High 330 48

Low 355 52
Bitter taste perception

High 300 44

Low 385 56

https://doi.org/10.1371/journal.pone.0300452.t001

influence between the two. Responses were coded by three researchers who achieved adequate
intercoder reliability (Fleiss’ kappa ranging from .64 to .94). The number of correct responses,
out of six, comprises the application knowledge score (o = .57). Questions and coding docu-
ments are available in S2 Appendix.

Genetic, environmental, and willpower causal beliefs about eating behavior were each mea-
sured by a single item on a scale from 1 = Not at all to 5 = Extremely. The three items are
“How much do you think eating behavior is influenced by a person’s genes/the environment a
person lives in/a person’s willpower?”

Empathy and weight bias. Empathetic concern was measured by asking participants to
what extent they felt six empathic emotions towards the vignette characters (i.e., people whose
attention is captured by delicious food nearby and people who experience green vegetables as
extremely bitter for RBED and BTP scenarios, respectively) on a scale from 1 = None at all to 7
= Extremely [51]. The empathic emotions were sympathetic, warm, compassionate, soft-
hearted, tender, and moved (o = .94).

Perspective taking was measured by a 7-item measure asking about participants’ tendency
to adopt the psychological point of view of the vignette characters from 1 = Not at allto 7 =
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Extremely (adapted from the perspective taking subscale of the Interpersonal Reactivity Index
[18]). An example item is “I try to put myself in their shoes.” (o = .83).

The measure of weight stereotyping was adapted from the Obese Persons Trait Survey [54].
Participants indicated how much each of 12 descriptors fit people who are overweight or obese
on a scale from 1 = Not at all to 5 = Extremely. Principle component analysis showed a two-fac-
tor solution. The first factor included 6 items (i.e., kind, warm, optimistic, simple, honest, gen-
erous) of positive descriptors (o = .91). The second factor included 6 items (i.e., lazy, sloppy,
self-indulgent, lacking self-discipline, clumsy, weak) of negative descriptors (o = .86).

Stigma towards people with higher weight was measured using the Anti-Fat Attitudes scale
[55]. Participants were asked to indicate their agreement with 14 statements from 1 = Strongly
disagree to 5 = Strongly agree. The scale included 3 subscales: dislike, fear, and willpower (o =
.89, .83, .79, respectively).

Behavior change motivation. Participants’ confidence in their ability to control their diet
and weight was measured using 4 items on a scale of 1 = Not at all to 5 = Extremely. The mea-
sure was adapted from Martingano et al. [10]. The items are “How confident are you in your
ability to control your diet/weight?” and “How much do you believe that there are things you
can do to control your diet/weight?” (o. = .84).

Self-efficacy to maintain a healthy weight and eating pattern was measured by the Healthy
Eating and Weight Self-Efficacy (HEWSE) Scale [56]. The scale includes 11 items with two fac-
tors, namely healthy eating (o = .88) and healthy weight (o = .93). Participants responded on a
scale of 1 = Not at all to 5 = Extremely.

Intention to change diet in the next 6 months was measured using 6 items adapted from
Martingano et al. [10] on a scale of 1 = Not at all to 5 = Extremely. Example items are “How
likely is it that you will change your diet in the next 6 months?” and “I intend to make changes
to my food environment in the next 6 months?” (o. = .96).

Individual eating behavior traits. RBED trait was measured by two items created by the
research team. Participants answered the two questions “To what extent are you more likely to
notice and think about delicious foods in your environment?” and “To what extent do you eat
even when you’re not hungry?” on a scale of 1 = Not at all to 5 = Extremely (0. = .62). Principal
component analysis showed that the two items loaded on a single factor. Therefore, we aver-
aged the item scores and recoded it into a dichotomous variable. Participants who had an aver-
age score higher (lower) than 2.5 (scale midpoint) was categorized as high/low RBED.

BTP trait was measured by one item created by the research team. Participants answered
the question “To what extent do you perceive foods like kale, brussels sprouts, or grapefruit as
very bitter?” on a scale of 1 = Not at all to 5 = Extremely. The score was recoded into a dichoto-
mous variable. Participants who had an average score higher (lower) than midpoint (2.5) was
categorized as high/low BTP.

Data analysis

Pearson correlations were examined to assess the relationships among outcome variables.
Regarding the hypotheses, independent sample t-tests were conducted to test the effect of GXE
education vignettes (across all frames and scenarios) compared to control (H1) and the effects
of genetic framing and environmental framing compared to control individually (H2a and
H3a). We use Bonferroni method to adjust for multiple tests. Specifically, we multiply the p
values by the number of tests (n = 48) and compare with the o = 0.05 level to determine signifi-
cance. After that, one-way Analyses of Covariance (ANCOV As) were conducted to test the
main effect of framing (H2b and H3b), controlling for the effect of scenario. Two-way ANCO-
VAs were used to test the matching effect between vignette versions and individual traits and
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beliefs (RQ1). Mediation analyses were conducted with PROCESS [57] to test the role of causal
beliefs in mediating the effect of education conditions on downstream outcomes (RQ2). In
each mediation model, genetic, environmental, and will power causal beliefs were entered as
parallel mediators. Bootstraps of 5,000 samples were used to estimate indirect effect. For read-
ers’ interest to determine how each of the five conditions was compared to each other, we con-
ducted one-way Analyses of Variance (ANOVA) followed by post-hoc analysis with Tukey’s
test to compare all conditions on the outcomes. The results are shown in S3 Table in S1 File
and not discussed in the main text.

Results
Effect of GXE educational vignettes

Results showed that participants who received GxE education (including both participants in
genetic framing condition and those in environmental framing condition) had higher GxE
recall (#(683) = 11.20, p < .001), higher genetic causal beliefs (#(683) = 7.12, p < .001) and
higher empathetic concern (#(683) = 3.53, p < .001) compared to the control condition. There
were no significant differences between GxE education conditions and the control condition
on GxE knowledge application, environmental and willpower causal beliefs, perspective tak-
ing, weight bias outcomes, or any of the behavior change motivation outcomes (see Table 2
and S9-S12 Figs in S2 File). H1 was partially supported.

Framing effects

Genetic framing resulted in higher empathetic concern compared to the control condition (¢
(407) = 3.202, p = .001), while perspective taking and weight bias outcomes were not signifi-
cantly different between the two conditions. H3a was partially supported. Behavior change
motivation outcomes were not significantly different between environmental framing and the
control condition (see Table 2). H3b was not supported.

There was no significant difference between the genetic and environmental framing condi-
tions on any outcomes (see S4 Table in S1 File). H2b and H3b were not supported.

Tailoring to individual traits

RBED trait as a moderator. Table 3 shows results of ANCOVAs testing the Framing-
RBED trait interactions and Scenario-RBED trait interactions on the outcomes. There was a
significant interaction between Scenario and RBED trait on perspective taking (F(1, 540) =
6.256. p = .013). Individuals with high RBED trait reported significantly more perspective tak-
ing in the RBED scenario than in the BTP scenario (F(1, 261) = 19.935. p < .001) while there
was no significant difference between scenarios for individuals with low RBED trait (Fig 2).

There was a significant Framing-RBED trait interaction on positive stereotyping of over-
weight (F(1, 540) = 4.751, p = .030). Individuals with low RBED trait reported significantly
higher positive weight stereotypes in the genetic framing condition than in the environment
framing condition (F(1, 278) = 4.193. p = .042) while there was no significant difference
between framing types for individuals with high RBED trait (Fig 3).

There was a significant interaction Framing-RBED trait interaction on healthy eating effi-
cacy (F(1, 540) = 5.590, p = .018) and healthy weight efficacy (F(1, 540) = 4.457, p = .035). Sim-
ple effect analyses did not show any significant differences (Figs 4 and 5).

BTP as a moderator. S5 Table in S1 File shows results of ANCOVAs testing the Framing-
BTP trait interactions and Scenario-BTP trait interactions on the outcomes. There were no sig-
nificant interactions in either case.
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Table 2. Variable means by group and T-tests comparing education conditions with control condition.

Environ Framing | Gene Framing | Education [Both Control Environ vs. Control | Gene vs. Control Education vs.
(N=276)" (N=269)> | frames] (N=545)" | (N=140)* Control
M(SD) M(SD) M(SD) M(SD) t P t P t P
Knowledge and Belief
Outcomes
Knowledge Recall 9.46(1.54) 9.69(1.45) 9.57(1.50) 7.16(2.43) 10.19 <.001 11.31 <.001 11.20 <.001
(range 0-11)
Knowledge 4.92(1.15) 4.83(1.19) 4.88(1.17) 4.91(1.23) 0.14 89 -0.59 55 -0.24 81
Application (range
0-6)
Causal Beliefs (range
1-5)
Genetic 3.41(0.84) 3.46(0.78) 3.44(0.81) 2.89(0.83) 6.04 <.001 6.92 <.001 7.12 <.001
Environment 3.89(0.76) 3.78(0.75) 3.84(0.75) 3.84(0.85) 0.59 .55 -0.81 42 -0.11 91
Willpower 3.31(0.92) 3.31(0.94) 3.31(0.93) 3.51(0.90) 2.14 .03* 213 .03* 2.34 02
Empathy Outcomes
Empathetic Concern 4.41(1.57) 4.38(1.44) 4.40(1.51) 3.89(1.54) 3.20 .001 3.20 .001 3.53 <.001
(range 1-7)
Perspective Taking 5.12(1.12) 5.16(1.16) 5.14(1.14) 5.12(1.04) 0.01 1.00 0.30 76 0.17 87
(range 1-7)
Weight Bias
Outcomes
Weight Stereotype
(range 1-5)
Negative 2.13(0.85) 2.18(0.80) 2.15(0.82) 2.17(0.85) -0.46 .65 0.10 .92 -0.21 .84
Positive 3.06(0.79) 3.10(0.69) 3.08(0.74) 3.01(0.74) 0.63 .53 1.24 22 1.01 31
Weight Stigma
(range 1-5)
Dislike 1.82(0.83) 1.79(0.81) 1.80(0.82) 1.83(0.84) -0.15 .88 -0.49 .63 -0.35 73
Fear 3.21(1.18) 3.07(1.18) 3.14(1.18) 3.07(1.23) 1.14 25 0.04 97 0.66 51
Willpower 2.85(0.89) 2.87(0.87) 2.86(0.88) 2.98(0.89) -1.39 .17 -1.15 .25 -1.40 .16
Behavior Change
Motivation Outcomes
Confidence (range 3.66(0.86) 3.57(0.83) 3.62(0.85) 3.73(0.78) -0.77 44 -1.80 .07 -1.38 17
1-5)
Self-Efficacy (range
1-5)
Healthy Eating 4.03(0.73) 4.00(0.72) 4.02(0.73) 4.05(0.69) -0.29 79 -0.70 48 -0.52 60
Healthy Weight 3.63(1.04) 3.60(1.04) 3.61(1.03) 3.66(1.05) -0.28 78 -0.55 58 -0.46 65
Intention (range 3.16(1.13) 3.06(1.13) 3.11(1.13) 2.98(1.15) 1.47 .14 0.62 .54 1.16 25
1-5)

Notes.
'N=274

2N =265

* N =539, and

* N = 238 for numeric and textual knowledge application. * Not significant with Bonferroni adjustment.

https://doi.org/10.1371/journal.pone.0300452.t002

Mediation models

Zero-order correlations (Table 4) show that knowledge recall and application were rarely cor-
related with downstream outcome variables (exceptions include positive stereotyping and the
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Table 3. Two-way ANCOVAs testing framing-RBED trait and scenario-RBED trait interactions.

Model 1 Model 2
Framing RBED Trait Framing® RBED Trait Scenario RBED Trait Scenario® RBED Trait
Knowledge and Belief Outcomes
Knowledge Recall (range 0-11) 3.14 0.11 0.00 16.40*** 0.11 2.47
Knowledge Application (range 0-6) 0.86 0.09 0.78 0.35 0.09 0.00
Causal Beliefs (range 1-5)
Genetic 0.59 9.74** 0.14 1.72 9.74** 0.11
Environment 3.11 1.78 0.05 0.65 1.78 0.10
Willpower 0.00 0.05 0.15 0.38 0.05 0.30
Empathy Outcomes
Empathetic Concern (range 1-7) 0.06 5.52% 0.62 12.29%** 5.53* 1.83
Perspective Taking (range 1-7) 0.10 14.75%** 0.06 10.94** 14.92%** 6.26*
Weight Bias Outcomes
Weight Stereotype (range 1-5)
Negative 0.48 0.00 0.48 0.03 0.00 1.99
Positive 0.39 2.96 4.75* 1.10 2.94 0.83
Weight Stigma (range 1-5)
Dislike 0.15 3.69 0.07 243 3.69 0.01
Fear 1.83 8.90%* 0.06 0.41 8.90%* 0.26
Willpower 0.10 1.63 1.37 1.78 1.63 0.36
Behavior Change Motivation Outcomes
Confidence (range 1-5) 1.52 39.18%** 3.59 0.08 39.02 1.39
Self Efficacy (range 1-5)
Healthy Eating 0.27 20.69*** 5.59* 0.12 20.53*** 1.320
Healthy Weight 0.12 56.81*** 4.46* 0.00 56.36"** 0.14
Intention (range 1-5) 1.21 80.59™** 0.07 0.25 80.59™** 0.05

Notes.

*p <.05
p<.01
¥ p < .001.

The table shows F values. Model 1 controlled for scenario. Model 2 controlled for framing.

https://doi.org/10.1371/journal.pone.0300452.t1003

fear and willpower subscales of the weight stigma measure). Causal beliefs, on the other hand,
were highly correlated, either positively or negatively, with most outcome variables, which sug-
gests potential mediation or indirect effects of causal beliefs on key outcomes.

Mediation models (see S6-S8 Tables in S1 File) for the effects of education conditions versus
control reveal a consistent indirect effect of genetic causal beliefs as a mediator of the effects on
several dependent variables. Specifically, being in one of the G*E education conditions
increased participants’ beliefs in genetic causes of eating behavior, which in turn led to
increased empathy, increased perspective taking, reduced negative stereotyping, increased pos-
itive stereotyping, reduced dislike and willpower weight stigma, decreased dietary confidence,
and greater intentions to change dietary behavior. There was no significant indirect effect of
genetic causal beliefs for the fear subscale of the weight stigma measure and self-efficacy for
healthy eating and weight. Being in one of the G*E education conditions also reduced partici-
pants’ beliefs in willpower causes of eating behavior, which in turn led to increased empathy,
increased perspective taking, reduced negative stereotyping, reduced dislike, fear, and will-
power weight stigma, reduced confidence and self-efficacy of healthy eating and weight, and
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RBED Trait

-®- Low RBED
-~ High RBED

Perspective Taking
H

] )
BTP RBED
Scenario

Fig 2. Plot for perspective-taking results by condition.
https://doi.org/10.1371/journal.pone.0300452.g002

reduced intentions to change dietary behavior. Finally, there were no indirect effects through
environmental causal beliefs on the downstream outcomes.

Discussion

The current study indicates that our GxE educational intervention we developed successfully
improved recall knowledge and altered genetical causal beliefs. However, the intervention
rarely directly impacted downstream outcomes related to dietary and weight management
behavior motivation or to empathy and stigma concerning eating tendencies and weight.
Although the relationships between GxE education and downstream outcomes were theory-

+ RBED Trait

3- + + + & Low RBED
-®- High RBED

Positive Weight Stereotype

! '
Gene Environment
Framing

Fig 3. Plot for positive weight stereotype by condition.
https://doi.org/10.1371/journal.pone.0300452.g003
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RBED Trait

-®- Low RBED
-®- High RBED

Healthy Eating Efficacy
w

! '
Gene Environment
Framing

Fig 4. Plot for health eating efficacy results by condition.
https://doi.org/10.1371/journal.pone.0300452.g004

based, the overall pattern of results was mixed, even when matching individuals’ eating behav-
ior tendencies with frames and vignette scenarios.

There could be several explanations for these findings. First, application knowledge and
environmental causal beliefs did not differ by condition, possibly due to ceiling effects. Envi-
ronmental causal beliefs regarding eating behavior are generally high as compared with genetic
beliefs [27] and were also relatively high in this sample. The knowledge application questions
appear to have been too easy to successfully differentiate individuals with different knowledge
levels; more than 65% participants correctly answered 5 or all 6 questions. Future research
should explore alternative instruments to assess GXE application knowledge.

+ + RBED Trait
31 -®- Low RBED
- High RBED

Healthy Weight Efficacy

! '
Gene Environment
Framing

Fig 5. Plot for health weight efficacy results by condition.
https://doi.org/10.1371/journal.pone.0300452.g005
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Table 4. Pearson correlations among outcomes.

Variable
1. Knowledge Recall

2. Knowledge
Application

3. Genetic Causal
Belief

4. Environmental
Causal Belief

5. Willpower Causal
Belief

6. Empathetic Concern
7. Perspective Taking

8. Negative Weight
Stereotype

9. Positive Weight
Stereotype

10. Dislike (Weight
Stigma)

11. Fear (Weight
Stigma)

12. Willpower (Weight
Stigma)

13. Confidence

14. Healthy Eating
Efficacy

15. Healthy Weight
Efficacy

16. Intention

Notes.
*p<.05
*p<.01
**p <001

1

0.22%%*

0.21%**

0.06

-0.09*

0.06
0.01
0.00

-0.08*

-0.02

0.03

-0.02

0.00
0.01

-0.01

-0.02

2

-0.01
0.04
0.03

_0413***

0.17*%*

0.12**

0.01
0.03

-0.03

3

0.32%%*

-0.08

0.28™**
0.20***
-0.13**

0.25%**

_0.24%%*

-0.03

-0.35%**

-0.09*
-0.01

-0.05

0.21%%*

https://doi.org/10.1371/journal.pone.0300452.t1004

4 5 6 7 8 9 10 11 12 13 14 15 16
0.17%** -
0.11** | -0.15***
0.09% | -0.15*** | 0.54***
0.04 | 0.50%** | -0.18™** | -0.24***
0.18*** | 0.03 0.34%%*% | 0.24™** | -0.13*** -
-0.12%% | 021 | -0.24™** | -0.29%** | 0.60*** | -0.30*** -
0.01 0.19%** -0.04 -0.07 | 0.30"** | -0.05 |0.27"** -
-0.11% | 0.48%** | -0.24™** | -0.28™** | 0.68*** | -0.20%** | 0.54™** | 0.32*** -
0.16™** | 0.42%** -0.07 -0.01 0.25%%* 0.03 | 0.16"* | -0.06 | 0.34™**
0.10* | 0.18"** | 0.09* 0.10** 0.00 0.12%* -0.04 | -0.08% | 0.09* | 0.52*** -
0.07 | 0.24*** 0.03 0.07 0.16*** 0.06 0.13** | -0.17** | 0.22%** | 0.71*** | 0.56™**
0.11% | 0.13%** | 0.19"** | 0.14*** 0.03 0.24*** | -0.09* | 0.33"**| -0.02 | -0.10* 0.01 | -0.18%**

The only downstream outcome improved by educational vignettes overall was empathy
toward people with specific eating behavior traits. The lack of intervention effect on other
downstream targets is likely related to the fact that these concepts were not explicitly men-
tioned in the educational material. Instead, changes in causal beliefs and reductions in blame
were proposed as routes to influence these outcomes. This study found that GXE education
influenced genetic and willpower causal beliefs which, in turn influenced the majority of
empathy, stigma, and behavior motivation outcomes. The findings suggest that altering genetic
and willpower causal beliefs is a critical precondition for influencing downstream outcomes.
Future GxE educational interventions should focus on strategies to increase genetic causal
beliefs in order to reduce stigma beliefs while considering the potential negative consequences
on behavior change motivations due to weakened willpower causal beliefs and heightened
belief in unmodifiable genetic factors. Although reduced willpower causal beliefs are associated
with less stigma, they may also reduce health behavior motivation. It may therefore be useful
to consider how we might replace “willpower” causal beliefs for eating behavior with a more
helpful and accurate set of beliefs that capture how healthy behaviors can be influential on
health outcomes within the context of genetic predisposition. In the current study, this was
represented by environmental framing. Although here environmental causal beliefs were not
influenced by GxE education, we should not disregard the role of environmental causal beliefs.
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Rather, in future studies we may need to consider better ways to describe in interventions and
measure individuals’ understanding regarding the multiple facets of environmental causes
such as home environment, social support and network, available foods and health resources.
Additionally, exploring how causal beliefs about these environmental facets influence stigma
and health behavior motivations is crucial.

The other primary assessment was of the potential for differential effects of different GxE
education interventions based on individuals’ eating behavior traits. Per the literature on tai-
loring effects [39], individuals should be more likely to take the perspective of the character
when the character has a similar eating tendency to them. However, this perspective-taking
boost was only found for RBED trait and did not translate into other empathy or stigma-
related changes.

Genetic framing may reduce stigma toward individuals with relatively stigmatized eating
tendencies, particularly among those who do not have direct experience with a given maladap-
tive eating behavior. In this study, low RBED trait individuals exhibited more positive stereo-
typing of people with obesity in the genetic framing condition than the environmental framing
while there was no significant difference between framing types for high RBED trait individu-
als. The finding shows that experiential frameworks may be helpful in improving attitudes
among those who lack experience with RBED and who may make assumptions about why oth-
ers are excessively drawn to hyperpalatable food in the environment [58]. Future GxE educa-
tion experiences may be strengthened to further reduce stigma related to eating behavior and
weight by leveraging this finding. A first step may be the use of a genetic (as opposed to envi-
ronmental) framing for GxE education.

Environmental framing, on the other hand, may benefit individuals with high RBED trait.
Though simple effects were not statistically significant, significant interaction patterns suggest
that dietary and weight self-efficacy may be stronger for high RBED individuals whose educa-
tional content focuses on environmental influence compared to nonmodifiable genetic influ-
ences. This is consistent with previous literature suggesting the potential for genetic attributions
or GxE information to elicit deterministic responses among those most vulnerable to negative
health outcomes [26, 46]. Such patterns, if replicated, suggest a potential benefit of adopting dif-
ferential frames based on whether or not individuals exhibit the trait or disease of focus.

Limitations and future directions

The results provide preliminary evidence that targeting specific types of GXE education inter-
ventions to individuals with certain traits may enhance the desired intervention benefits. How-
ever, the effect sizes across the outcomes were small, meaning that the intervention impact in
the real world would likely be limited, although these small effects are comparable to other
similar video-based interventions [10, 59]. The video vignettes may be used in combination
with other educational elements in future interventions to create a larger impact.

In addition, although the vignettes were intended to be experiential, they were presented in
a video format. The video format, combined with a second-person (i.e., “you”) narrative,
allowed individuals to take the character’s perspective but lacked immersiveness. Research sug-
gests that embodying stigmatized group members’ experiences can reduce stigma through
increased empathy [60-62]. Therefore, intervention effects on empathy and stigma may be
more potent with a more immersive experience. Future studies should explore delivering GxE
education interventions using technologies, such as virtual reality.

Furthermore, the knowledge check and knowledge application measures used in this study
were pilot tested, however they were not validated, and the reliability of the knowledge applica-
tion measure was low. This may partially explain why the results did not show a significant

PLOS ONE | https://doi.org/10.1371/journal.pone.0300452 May 9, 2024 15/19


https://doi.org/10.1371/journal.pone.0300452

PLOS ONE

Impact of gene-environment interaction education on knowledge, stigma, and behavior motivation

impact of the interventions on knowledge application. A validated scale to measure GXE
knowledge application is needed, as the ability to apply GXE knowledge to various health con-
texts is crucial for individuals to make positive health decisions in the future.

Lastly, we did not preregister all of the reported analyses and did not measure several poten-
tial mechanisms for effects. Future research should replicate these findings and to further
explore the mechanisms of any framing or tailoring effects that might emerge to better inform
GxE intervention targeting practices.

Conclusions

In conclusion, this study designed and tested the efficacy of an experiential, vignette based
GxE education intervention in the context of eating behavior traits. The results reveal that
causal attributions, particularly to genetics and willpower, are key factors that drive down-
stream stigma and eating behavior-related outcomes, and thus may be promising targets for
future interventions. Although anticipated framing effects were not found, matching frames
with individuals’ eating behavior traits, particularly RBED, revealed intervention effects that
were not observed when evaluating effects among the general sample. This indicates that while
delivering GxE education interventions to the general public improves knowledge and causal
beliefs, tailoring GXE education interventions to individual traits may lead to more meaningful
downstream outcomes.
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