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Abstract

Background Effectively communicating with parents
about children’s obesity risk is of critical importance for
preventive medicine and public health.

Purpose The current study investigates the efficacy of
communications focused on two primary causes of
obesity: genes and environment.

Methods We compared parental feeding responses to
messages focused on (i) genetics alone, (ii) family envir-
onment alone, (iii) genetics—family environment inter-
action (G X FE), and (iv) no causal message. We also
examined whether parental guilt mediates the effect
of message type on feeding. Our sample consisted of
190 parents, half mothers and half fathers, of children
3-7 years old. After receiving one of the four types of
messages, parents chose foods for their child using the
Virtual Reality Buffet measure. Parents responded to
questionnaires in the lab and at 1-week follow-up.

Results In the VR Buffet, parents did not feed their chil-
dren differently in message provision conditions versus
control. There were, however, differences among message
provision conditions wherein mothers who received any
genetic information chose higher-calorie meals in the VR
Buffet. At 1-week follow-up, parents who received infor-
mation about genetics alone reported feeding their child
more junk food and fatty meat on self-report food fre-
quency assessments; there were no such differences for
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sugary beverages, sugary foods, or fast foods. Parental
guilt was typically higher for participants who received
family environment information alone but did not me-
diate the relation between information provision and
feeding outcomes.

Conclusions While none of the messages improved
feeding above the control condition, GXFE messages
were associated with a better overall profile of outcomes.
As such, it may be beneficial for messaging for parents
about children’s obesity risk to include content that re-
flects the complexity of genetic and environmental con-
tributions to obesity risk.

Keywords: Genomics - Obesity - Communication -
Parents

Introduction

Developing precision medicine approaches for common
health conditions continues with large-scale efforts such
as the All of Us research program [1], and smaller-scale
efforts in research groups around the world. These ap-
proaches involve the exploration of polygenic risk scores,
gene—environment interactions, and other complex phe-
nomena, with the ultimate goal of leveraging genomic
information to prevent and treat disease. Obesity is one
disease that poses a great public health burden, and thus
is a prized target for precision medicine approaches.
Although scientists have yet to identify clinical precision
medicine approaches for obesity prevention and treat-
ment, precision medicine-based obesity treatments have
garnered much attention and may one day be effective
[2, 3]. If we wait until this comes to fruition, we will miss
key opportunities for determining how to optimally
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communicate these topics to facilitate healthy behav-
iors. It is, therefore, crucial to begin developing effective
communication approaches for populations that stand
to benefit from such interventions.

Some of the interest and excitement around genomics
products in weight management is driven by the fact
that there has been little success of any single approach
for achieving sustained, long-term weight loss [4, 5].
As such, researchers and clinicians have suggested that
targeting public health efforts to parents and families
about weight gain among children may be most effective
in the long term [6-8]. From a genomics perspective, pre-
vention communications might be especially important
for children with a family history of obesity, as they are
at high risk [9].

A challenge is that most research examining commu-
nication about obesity and genomics has been conducted
in the context of adults’ personal behavior following in-
formation receipt, rather than on parents’ choices for a
child. Research has previously suggested that genetic risk
information does not lead to increased health behavior
motivation or actual change in dietary behavior among
adults [10-12]. However, a focus on children has opened
up new avenues for use of genomics in health promo-
tion. Only a limited amount of work has been done in
this arena, partially due to open ethical and practical
questions about genetic testing for children [13, 14], and
also due to a general lack of child-relevant genomics ap-
proaches to address weight.

Nonetheless, one study has shown that personalized
information about a child’s risk holds promise for chan-
ging mothers’ feeding behavior, although the effects are
nuanced [15]. In this study, mothers exhibited positive
changes in feeding behavior when risk information in-
dicated that the mother alone (rather than together with
the biological father) was responsible for transmitting in-
creased obesity risk to her child. However, other research
has suggested that such communication can backfire.
A different study found that parents of higher weight
who perceived their child to also have higher weight re-
ported defensive cognitions and affect in response to a
media-based risk message that conveyed information
about how a child’s genetic makeup interacts with the
family home environment to confer obesity risk in later
life [16]. It is now becoming clear that, much like obesity
etiology itself, communication with parents about the
causes of obesity is likely to have complicated effects.

Communicating about causal risk factors for obesity
is challenging for several other reasons. While a primary
goal of conveying genomics information is to spur be-
havior change, theoretical and empirical work over the
last several years has shown that other effects can also
emerge. Because genes are immutable, genetic informa-
tion has been considered a potential source of fatalistic

attitudes. Outright expression of fatalism is rare, how-
ever in some studies, consideration of genetic factors
related to diet and weight has been linked to reduced
self-efficacy and motivation for health behaviors [17-19].
A key approach to tempering information about genetic
factors, and thereby avoiding fatalistic interpretations,
may be to highlight how genetics interacts with the en-
vironment to confer risk. In this case, parents are alerted
to their child’s increased risk on multiple potential fronts
(genes and environment), but also given a mechanism
to reduce this risk (family environmental changes). As
noted above, this approach has shown mixed success
in the context of parental feeding behavior [15, 16]. An
additional benefit to the communication of gene—envir-
onment interaction causal messages is that they are most
accurate. Lay conceptions of body weight are typically
multifactorial [20, 21], and health communication con-
sistent with preexisting conceptions is less likely to be re-
jected [22, 23]. As such, further exploration into parents’
reactions to such messages is crucial.

The extant parenting research tends to focus on
mothers, leaving us with very little evidence of how
fathers react to such information [24, 25]. Gaining this
knowledge will be important given the central and
increasing role that fathers play in child feeding [26].
Mothers and fathers may have different cognitive and af-
fective responses to information about child feeding [24,
27], likely due in part to differences in gender norms and
previous parenting experiences [28, 29]. As such, it is es-
sential to understand the effects of messages on mothers
and fathers.

Finally, although there has been some suggestion
that the use of genomics-informed approaches may be
effective for parental behavior change vis-a-vis child
feeding, the pathway to such behavior change is unclear.
An intriguing possibility is that feelings of parental guilt
might motivate parental behavior change [30]. This could
be due to the reparative nature of guilt [31, 32] such that
parents feed healthier foods in order to correct the per-
ceived wrongdoing of passing down the risk of obesity.
There is, however, counter-evidence suggesting that guilt
may instead be linked with maladaptive parent behavior
in some cases, including making higher-calorie choices
for children, and unrestrained food consumption [33]. In
all, the potential association of genomics-informed risk
information provision and parental behavior via guilt
has not been extensively tested despite having clear the-
oretical and practical relevance.

The current study investigates the two primary elem-
ents of contemporary messages that parents receive re-
garding obesity risk transmission to their child: genetic
contributions and family environment contributions.
We therefore compared messages focused on (i) genetics
alone, (ii) family environment alone, (iii) genetic—family
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environment interaction, and (iv) control with no causal
message. In so doing, we aim to disentangle the unique
and interactive contributions of these message types to
parental feeding behavior. In addition, this study ex-
plores parental guilt reactions as a potential pathway
through which risk information may lead to feeding
behavior differences. Importantly, we investigate these
aims among both mothers and fathers to assess possible
gender differences. Risk information was provided to
parents in a lab study using public health-style presen-
tations, and child feeding behavior was measured in the
lab with a validated virtual reality-based child feeding
assessment [34]. Child diet was measured at a 1-week
follow-up via questionnaires. Our hypotheses were as
follows. Across all of the proposed hypotheses, we were
further interested in whether effects would differ between
mothers and fathers.

Hypothesis 1: Information that discusses any route
through which parents confer obesity risk to their chil-
dren will lead to serving fewer calories from the VR
buffet and fewer servings of unhealthy foods at a 1-week
follow-up than information that does not contain any
causal information (i.e., control).

Hypothesis la: Among the messages that contain
causal information, gene-family environment inter-
action messages will be associated with the lowest-calorie
meal choices and fewest unhealthy feeding choices at
follow-up. In contrast, genetics-only messages will be as-
sociated with the highest-calorie meal choices and most
unhealthy choices at follow-up.

Hypothesis 2: Information that discusses any route
through which parents confer obesity risk to their chil-
dren will lead to more parental guilt than informa-
tion that does not contain any causal information (i.e.,
control).

Hypothesis 2a: Gene—family environment interaction
messages will be associated with the most parental guilt
whereas genetics-only messages will be associated with
the least guilt.

Hypothesis 3: Guilt will mediate the relationship be-
tween the presentation of obesity risk information and
food choices, both in the VR buffet and at a 1-week
follow-up.

Methods
Participants

Participants included 190 biological parents of a 3- to
7-year-old child with no major food allergies to VR buffet
items, diet-related health conditions, developmental de-
lays, or dietary restrictions that would limit the ability
to eat most foods on the VR buffet. Participants were

recruited from the metropolitan Washington DC area
and were incentivized $90 for completing all parts of the
study including the follow-up questionnaire. Inclusion
criteria included self-reported overweight status, at least
some responsibility for child feeding, and the ability to
read and write in English. Exclusion criteria included
having a vestibular or seizure disorder, high propen-
sity for motion sickness, known pregnancy, uncorrected
poor vision or hearing, past or current eating disorder,
or participation of another household member or an-
other biological parent of the relevant child in the study.
Recruitment was stratified to ensure an equal represen-
tation of mothers and fathers. Recruitment methods
included posting advertisements in social and trad-
itional media, posting flyers, and word-of-mouth. This
study was approved by the IRB of the National Human
Genome Research Institute.

We arrived at the sample size included here using a cal-
culated sample size from McBride et al. [15] of d =.412
between control and genomic information groups. Power
calculations were based on a 2 X 2 ANCOVA, with an
alpha of .05 and power of .8, resulting in a sample size
of 187. This power analysis did not take into account the
inclusion of participant gender as an additional factor in
analyses as it was a secondary research question.

Design

This randomized, experimental study employed a 2 X 2
design. The first factor was the inclusion of genetic in-
formation in the message presented to parents—present
or absent. The second factor was the inclusion of family
environment information in the message presented to
parents—present or absent. This resulted in four experi-
mental conditions: no genetics/no family environment
(control), genetics only, family environment only, or both
genetics and family environment (gene—family environ-
ment interaction; G X FE). Analyses also considered
parent gender (mother versus father) as an additional
factor crossed with the two experimental variables.

Procedure

Participants entered the study through a link to an on-
line screening survey, or through a telephone call if they
preferred to be phone screened. For eligible participants,
an “index child” was identified who met study inclu-
sion criteria (being between 3 and 7 years old without
disqualifying dietary or health conditions as mentioned
above). Parents were asked to consider only this child
as they completed the study. After providing consent,
participants completed the pretest questionnaire online,
which included baseline measures of attitudes, beliefs,
and demographic characteristics.
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Participants were then contacted by phone to schedule
an appointment for a lab visit. These visits took place,
on average, 19 days after completion of the pretest ques-
tionnaire. At the visit, participants were randomized to
condition via random number generator and consented
again. Parents were also trained on the use of the VR
Buffet, in which they were asked to make a meal from the
training food and drink for their child.

Participants then received information about their
child’s future risk for obesity consistent with their ran-
domized experimental condition. Full materials are
available here: https://osf.io/ceakg/?view_only=bba9459
42a3043f69f8140dae26657¢2. Information was presented
via pre-recorded PowerPoint presentation with auditory
narration (see Fig. 1). All conditions received general in-
formation about the importance of nutrition, physical
activity, and sleep for children. Those randomized to
the genetic condition additionally received information
about genetic risk for obesity and its transmission across
generations (e.g., through inheriting genes predisposing
individuals to higher levels of hunger; [35]). Participants
randomized to the family environment condition were
given information about obesity risk transmission
through features of the environment in which children
grow up (e.g., foods kept in the household; [36]). Those
randomized to the G X FE condition received the gen-
etic information, the family environment information,
and a short module on how genes and the environment
interact to influence obesity risk (e.g., children who are
hungry more often have the worst outcomes when raised
in a home where unhealthy feeding behaviors are com-
monplace; [37, 38]). All participants who received in-
formation about genetic and/or home environment risk
factors also received epidemiological information stating

that children who have one parent with overweight are
at increased risk for obesity in adulthood relative to chil-
dren with lean parents (28% chance as opposed to 13%
chance), and that children with two overweight parents
are at even greater risk (58% chance). Although it is
atypical to present numeric risk information with family
environment-focused educational materials, we did so to
hold this factor constant across groups. Materials were
gender-matched to refer to either mothers or fathers de-
pending upon the participant’s gender.

Following information provision, participants filled
out a short questionnaire, which included the primary
guilt assessment. We assessed guilt in three ways: a
global measure, a context-specific item addressing
genetics-oriented guilt, and a context-specific item as-
sessing family environment-oriented guilt (see below
for details). Participants then used the validated VR
Buffet tool [34] to make food and drink choices for
their child. Following the VR Buffet measure, parti-
cipants filled out a final questionnaire in the lab re-
lated to their attitudes and beliefs about their child’s
health (no data from this questionnaire were used in
the current study).

At the conclusion of the lab visit, participants who
agreed to be recontacted were sent a link to a follow-up
survey 1 week after their lab visit, which was then
available for one week. One hundred and eighty-five
parents completed the follow-up survey. Included in
this follow-up survey was a food frequency assessment
(FFA) that addressed several categories of food served
to the index child in the past week [39, 40]. Participants
who completed the one-week follow-up questionnaire
read a debriefing at its conclusion. Those who did not
complete the questionnaire were debriefed either in

Contains genetic content

NO

Contains family
environment
content

YES

Family Environment

Main effect
of family
environment
content

Gene x Family Environment

Main effect of genetic content

Fig. 1 Study design.
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person (if they refused the follow-up survey) or by email
or phone (see Fig. 2).

Measures

Behavioral assessment of food chosen for the index child
took place using the VR Buffet [34], a validated assess-
ment of parent feeding behavior. Parents were asked
to assemble a lunch plate that their child would likely
eat (see supplement for specific instructions https://osf.
io/ceakg/?view_only=bba945942a3043f69f8140daec266
57¢2). If parents filled a plate to capacity, research as-
sistants re-started the program so that participants could
fill a second plate for the child (this occurred for approxi-
mately 10% of the sample). Total calories were calcu-
lated using a nutritional database based on the serving
size of the virtual foods and drinks [15]. For example,
a serving of virtual grapes occupied 7.3 cm’ in the VR
Buffet, and thus calorie information associated with that

Total contacts (n= 805)

Lost (n= 69)
+ Incomplete screener

| Completed screener (n= 736) |

!
| }

Ineligible (n= 442) Eligible (n= 294)

Lost (n=36)
+ Incomplete pre-test

Completed pre-test (n= 258)

Lost (n= 64)

+ Withdrawls (n=8)

+ Unable to contact/schedule (n=43)
+ No-shows (n=13)

Excluded due to technical problem

) <_| Completed lab visit (= 194) |

Incomplete post-test (n= 5) |<—

A
Completed post-test (n= 185)

Fig. 2 Participant flow diagram.

volume of food was added to the calorie count for each
serving of grapes a parent selected. Additionally, parent
feeding behavior during the VR Buffet training session,
which took place prior to receipt of experimental infor-
mation, was recorded. Amount of training food (pasta
with tomato sauce) and drink (apple juice) was analyzed
for calorie count and used as a covariate, representing
a proxy for general serving tendency prior to receipt of
risk information.

Self-report measures included all demographic vari-
ables (see Table 1) and guilt assessments. Global guilt
was assessed immediately after presentation of the infor-
mation with an adapted version of the Personal Feelings
Questionnaire 2 [41, 42] that refer to state emotions felt
“currently” (as opposed to trait-level tendencies to feel
guilt). Following factor analysis, the seven items from the
guilt subscale that loaded highly onto the same factor
were used to index state guilt (mild guilt, worry about
injuring/hurting someone, self-consciousness, regret, in-
tense guilt, deserving of criticism, remorse). Responses
were collected on a 04 scale where 0 = I do not experi-
ence the feeling and 4 = I experience the feeling very
strongly. Context-specific guilt was assessed at baseline
and following the VR Buffet with a single item each
for genetics- and family environment-oriented guilt (“I
feel guilty about the genetic risk for obesity that I may
have passed down to [INDEX CHILD]”; “I feel guilty
that our home environment could increase [INDEX
CHILD’S] risk for obesity”). These items were assessed
with a 1-7 Likert-type scale (1 = strongly disagree;
7 = strongly agree).

Child diet at the 1-week follow-up was assessed
using the Food Frequency Assessment (FFA) from
the National Cancer Institute FLASHE study [39, 40].
Parents were asked to report on the eating behavior of
the index child over the last seven days on a scale from 1
(child did not eat the food in the past 7 days) to 6 (child
ate the food three or more times per day). Items from
the FFA were assembled into five subscales assessing un-
healthy feeding, including junk food (e.g., pizza), sugar-
sweetened beverages (e.g., sweetened fruit drinks), fatty
meats (e.g., fried chicken), fast or convenience foods (e.g.,
heat and serve foods), and sugary foods (e.g., candy).

Data Analysis

Demographics were stratified by the experimental group
and parent gender. There were no differences in demo-
graphic factors by experimental conditions (see Table 1).
As reporting Black/African-American race differed by
gender, African-American race was entered as a control
variable in all analyses. We examined the distribution of
all outcome variables; although some variables exhibited
skew (see Supplementary Table), transforming variables
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Table 1: Demographics, n (%) or M(SD)
Demographics by experimental condition
Control (n = 46) Family environment (n = 48) Genetic only (n = 48) G X FE (n=48)
Gender: female 24 (52%) 25 (52%) 24 (50%) 25 (52%)
Age 40.00 (7.07) 38.23 (4.86) 39.67 (6.10) 39.96 (7.33)
Race: White 30 (65%) 36 (75%) 36 (75%) 32 (67%)
Race: Black/AA 10 (22%) 5 (10%) 10 (21%) 11 (23%)
Race: Asian 7 (15%) 6 (13%) 6 (13%) 6 (13%)
College education 36 (78%) 41 (85%) 38 (79%) 41 (85%)
BMI 31.75 (8.85) 29.30 (4.46) 30.57 (5.66) 30.44 (5.78)
Other bio parent: overweight 25 (54%) 25 (52%) 27 (56%) 25 (52%)
Index child gender: female 21 (46%) 25 (52%) 25 (52%) 19 (40%)
Index child age 4.58 (1.42) 4.29 (1.27) 4.51(1.41) 4.60 (1.43)
Index child: overweight 6 (13%) 7 (15%) 8 (17%) 2 (4%)
Demographics by gender
Male (n = 92) Female (n = 98)
Age 40.9 (6.96) 38.87 (5.80)
Race: White 68 (74%) 66 (67%)
Race: Black/AA 12 (13%) 24 (24%)
Race: Asian 14 (15%) 11 (11%)
College education 78 (85%) 78 (80%)
BMI 30.60 (6.39) 30.42 (6.40)
Other bio parent: overweight 54 (59%) 48 (49%)
Index child gender: female 42 (46%) 48 (49%)
Index child age 4.45 (1.28) 4.57 (1.48)
Index child: overweight 7 (8%) 16 (16%)

did not change the pattern of results. Therefore, analyses
are reported with untransformed variables to facilitate
interpretation. One variable, frequency of serving sugar-
sweetened beverages, was dichotomized into “some-
times” versus “never” due to a severe right skew. For
the VR buffet calories outcome, there was one major
outlier at >2 SD above the mean, which was excluded
from analysis (this exclusion did not change the pat-
tern of results). Additionally, although all participants
self-reported overweight status at screening, 31 partici-
pants later reported being “just about the right weight”
(n = 30) or “underweight” (n = 1) in the follow-up ques-
tionnaire. Prevalence of such reports did not vary by
the experimental group. Because all participants indi-
cated overweight status at screening and were thus eli-
gible for the study, and because the period between the
lab visit and follow-up assessment was set at 1-2 weeks,
precluding major weight loss during this time frame, all
participants were retained in the dataset.

We conducted ANCOVA to assess the relation be-
tween the experimental group, gender, and outcome
variables including guilt, feeding in the VR Bulffet, and
feeding at follow-up. The exception was the dichotom-
ized outcome (frequency of serving sugar-sweetened

beverages), which was assessed with binary logistic re-
gression. For outcomes where baseline values were avail-
able (VR Bulffet calories during training, context-specific
guilt items) these values were entered as covariates in
the model following previous research [15]. We also as-
sessed whether the control group was different from each
of the experimental groups using contrasts of estimated
marginal means.

We then assessed correlations between variables re-
lated to child feeding and guilt. Following these, we con-
ducted mediation analyses using the PROCESS macro
Module 8 [43] to explore whether guilt mediated the re-
lations uncovered between the experimental group and
child feeding outcomes. Mediation analyses were only
performed for the primary hypothesized mediations
(global guilt as a mediator of information effects on food
choice in the VR Buffet), and for other relations where
the necessary prerequisite relations were uncovered in the
preceding ANCOVA and correlation analyses. In all me-
diation models, we controlled for African American race
as in other analyses, and we controlled for baseline levels
of variables where available. For the VR Buffet feeding
outcome, we assessed global guilt as the potential
mediator. For the FFA outcomes, we tested both global
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and context-specific guilt in separate models. The re-
search questions tested here were preregistered, however,
the preregistration did not specify hypotheses or specific
analytic approaches (https://osf.io/ceakg/?view_only=bb
a945942a3043{69f8140dae26657¢2).

Results
Demographics and Baseline Characteristics

Participant demographic characteristics are presented
in Table 1. There were no differences by experimental
condition; mothers and fathers differed in their ra-
cial composition in that more mothers than fathers
reported identifying as Black or African-American,
X° =4.04, p =.033.

Calories Selected in VR Buffet

ANCOVA revealed that, controlling for pretest cal-
ories, there were no main effects of information type or
gender on calories selected. In addition, the interaction
between family environment information and gender,
and the three-way interaction were not significant. There
was a significant interaction between genetic informa-
tion provision and gender such that among mothers,
receiving any genetic content (whether or not it was
accompanied by family environment content) was as-
sociated with choosing more calories in the buffet com-
pared to mothers who did not receive genetic content,
F(1,172) = 4.45, p = .036. In further contrasts of the esti-
mated marginal means following ANCOVA, none of the
experimental groups differed significantly from control.
Pairwise comparisons also showed that, among parents

who received genetic information, mothers and fathers
did not differ in the number of calories selected; how-
ever in the nongenetic conditions, fathers selected higher
calorie meals than mothers, F(1,172) = 6.73, p = .010.
See Fig. 3 for a visual representation of these results and
Table 2 for descriptive statistics.

Food Frequency at 1-Week Follow-Up

For junk food, there were no main effects of infor-
mation type, and no interaction between gender and
genetics information, or between gender and family en-
vironment information. The three-way interaction was
also not significant. There was, however, a significant
main effect of gender, F(1,176) = 5.23, p = .023, such
that fathers reported more servings of junk food than
mothers. There was also a two-way interaction between
genetic and family environment information provision,
F(1,176) = 5.10, p = .025, such that when genetic informa-
tion was presented without family environment informa-
tion (i.e., genetics alone), parents reported giving more
servings of junk food than when family environment
information was present (i.e., G X FE), F(1,176) = 7.61,
p = .006. Further pairwise contrasts revealed that none
of the experimental groups differed significantly from
control.

The same patterns were exhibited for servings of
fatty meats, such that there were no main effects of in-
formation type, nor any interactions involving gender.
Fathers reported more fatty meat servings than mothers
F(1,176) = 4.92, p = .028, and there was an analogous
interaction between genetic and family environment in-
formation provision, F(1,176) = 6.27, p = .013. Parents
reported giving more servings of fatty meat when gen-
etic information was presented without family environ-
ment information than when the family environment was

Calories Selected in VR Buffet

500 4
450 A

400 A I
350 A
300 A

250 A
200 A

100 4
50 A
0 -

u Control

= Fam Env. only
:[ Genes only

mGxFE

Mothers

Fathers

Fig. 3: Calories selected in the VR Buffet. Error bars represent 95% confidence interval.
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Table 2: Descriptive statistics by experimental group; M (SD)

G X FE

Genetic

Fam Env

Control

Female

Male

Female

Male

Female

Male

Female

Male

364.98

341.95(137.33)  407.59 (215.71)  319.76 (124.13)  408.75(108.48)  428.95(129.29)  336.29 (176.79)

430.43 (223.01)

VR Buffet calories

(145.39)
3.56 (1.66)

4.13(2.10)
1.01 (1.16)

4.04 (2.06)

4.92 (2.06)
2.33(1.58)
3.83 (2.30)
3.75 (2.05)

5.18 (2.13)
2.68 (1.62)
4.32(2.75)
3.91(2.02)

3.75(2.01)

5.00 (2.91)
2.18 (1.59)
4.05 (2.44)
3.73(2.51)

4.52 (2.44) 3.92 (1.56)

2.05(1.32)
4.19 (2.16)

FFA: junk food

1.52 (1.05)
3.20 (1.76)
2.08 (1.82)

1.79 (1.06)
2.92 (1.56)
2.79 (1.56)

1.71 (1.30)
3.25(1.33)
2.88 (1.23)

FFA: fatty meats

FFA: fast/convenience food

3.35(1.82)

3.38 (1.96)
38 (.50)

FFA: sugary foods

24 (.44)

38 (.49) 52(.51) 46 (.51) 48 (.51)

36 (.49)

50 (.51)

FFA: sugar-sweetened beverages™®

0.73 (0.65)

0.52 (0.63)
2.52(1.70)
3.26 (1.49)

0.58 (0.84)
2.46 (1.93)
3.25(1.94)

0.75 (0.76)

2.29 (1.43)
2.71 (1.60)

1.0 (0.91)
3.20 (1.96)

0.76 (0.83)
2.35(1.58)
2.87 (1.89)

0.26 (0.28)

2.91 (1.68)

0.36 (0.56)
2.32(1.78)
2.59 (1.97)

Global guilt

3.33(2.20)
3.46 (1.77)

Genetic guilt

4.0 (1.68)

3.52(1.59)

Fam Env guilt

FFA, food frequency assessment.

*Proportion of parents reporting child consumed any sugar-sweetened beverages.

presented, F(1,176) = 8.54, p = .004. Pairwise contrasts
showed that parents in the genetics-only group reported
feeding children significantly more fatty meats than con-
trol F(1,176) = 5.18, p = .024. No other groups differed
significantly from control. See Fig. 4.

No main or interactive effects emerged for sugar-
sweetened beverages or sugary foods. There was a
significant main effect of gender for fast and conveni-
ence foods such that fathers reported more servings,
F(1,176) = 12.32, p = .001, with no other main effects or
interactions. See Table 2.

Guilt Outcomes

For global guilt, the main effect of family environ-
ment information provision emerged such that parents
who received family environment information reported
higher levels of guilt, F(1,180) = 6.70, p = .010; there
were no other main effects. There was also a significant
interaction between genetic and family environment in-
formation provision, F(1,180) = 9.07, p = .003. Here,
parents who received family environment content alone
(without genetic content) reported the highest levels of
global guilt. There were no other significant interactions.
Pairwise contrasts showed that both the genetics-only,
F(1,180) = 4.96, p = .016, and the family environment-
only conditions, F(1,180) = 15.51, p <.0001, differed sig-
nificantly from control, while the G X FE group did not
differ from control. See Table 2 and Fig. 5.

For genetic guilt, pairwise t-tests revealed that only
parents in the control condition exhibited a pre-vs-post
difference in that they reported less guilt following in-
formation provision, #(47) = -2.50, p = .016. No other
groups exhibited a difference in genetic guilt from pre-
test to post-test. For family environment guilt, when
family environment information was present, parents
exhibited an increase in guilt from baseline. Differences
were significant for both the family environment only
group, #(47) = 3.71, p = .001, and the G X FE group,
1(46) = 2.70, p = .010. Neither the control group nor the
genetics-only group exhibited differences from pretest.

ANCOVAs revealed that, for family environment-
specific guilt following information provision (control-
ling for pretest guilt), there was a main effect of family
environment information provision, F(1,178) = 5.45,
p = .021, such that parents who received this informa-
tion type reported higher levels of guilt. There was also a
main effect of gender, F(1,178) =4.71, p = .031, wherein
mothers reported higher levels of guilt. There were no
other main effects or interactions. For genetics-oriented
guilt, there were no significant main effects or inter-
actions. Taken together, results suggest that the provision
of family environment information was most strongly re-
lated to increases in parental guilt.
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Fig. 4 Responses for food frequency assessment, junk food and fatty meats. Error bars represent 95% confidence interval.
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Fig. 5 Reported levels of global guilt. Error bars represent 95% confidence interval.
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Model 1
Parent
gender
Self-reported
lobal guilt
-0.10 ° o -0.63
Genetic Calories
information \s/??leBctef? ;)n
iti uffe
condition 100.80*
Model 2
Family
environment
information
condition Self-reported
family
environment
Ny uilt
0.10 g 0.86
- Junk food
Genetic feeding at 1-
information 3 week follow-
condition 1.34* up
Model 3
Family
environment
information
condition Self-reported
family
environment
-0.10 guilt 0.77
- Fatty meat
Genetic feeding at 1-
information A week follow-
condition "1 up
-0.90*
Fig. 6 Mediation models tested. *p < .05.
Table 3: Bivariate correlations
Global guilt Fam Env Guilt Genetic guilt VR Buffet calories
VR Buffet calories —0.043 —0.002 -0.051 -
FFA: junk food 0.047 0.091 -0.078 0.43%*
FFA: sugar-sweetened beverages (yes vs. no) 0.040 0.159* 0.072 0.31%*
FFA: sugary foods 0.010 0.019 -0.098 0.41%*
FFA: fatty meats 0.014 0.156* 0.006 0.39%*
FFA: fast/convenience foods 0.089 0.167* 0.066 0.38%*

FFA, food frequency assessment.
*p <.05; % p<.001.
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Correlations and Mediation of Food Choice by Guilt

Bivariate correlations are listed in Table 3. Calories
selected in the VR Buffet were uncorrelated with all guilt
measures. In a linear regression model that included the
covariates listed above, none of the guilt variables sig-
nificantly predicted calories selected (data not shown).
Three of the food frequency outcomes from the 1-week
follow-up (sugar-sweetened beverages, fatty meats, and
fast/convenience foods) were positively correlated with
family environment-oriented guilt.

For calories chosen in the VR Buffet, we assessed
whether global guilt mediated the previously identified
relations: among mothers, receiving genetic content was
associated with choosing more calories in the buffet.
Although guilt and VR Buffet calories were uncorrelated,
we performed this test as it was a primary study hypoth-
esis. Here for Model 1 (Fig. 6), we assessed mediation
with receipt of genetic information (yes or no) as the pre-
dictor, parent gender as the moderator, global guilt as a
mediator, and calories chosen on the VR Buffet as the
outcome. In this model, there was a direct effect of the
interaction between genetic information and gender on
calories (1 = 2.19, p = .030), but the confidence interval
on the indirect effect crossed zero (95% Cls: [-8.79, 4.44]
and [-5.39, 6.45] for fathers and mothers, respectively).
Thus, there was no reliable support for the mediation
hypothesis.

In subsequent models, we assessed mediation for the
food frequency relations previously uncovered. Here, gen-
etic content was the independent variable, family environ-
ment content was the moderator, and junk food feeding
as well as fatty meat feeding were the outcome variables
(in two separate models). We ran each model once to test
family environment guilt as the mediator (Models 2 and 3;
Fig. 6). For junk food with the family environment guilt
mediator, we found that the interaction (genetic by family
environment information) was related to junk food feeding
(t =-2.19, p = .030), however the confidence intervals for
the indirect effect crossed zero at both levels of the mod-
erator (95% Cls: [-0.14, 0.083] and [-0.21, 0.067] for with
and without environmental content, respectively). Results
for fatty meat mirror those for junk food where for family
environment guilt the interaction was significantly associ-
ated with the outcome (r = -2.29, p = .023), however, the
indirect effect confidence interval crossed zero for both
levels of the moderator (95% ClIs: [-0.098, 0.050] and
[-0.14, 0.041] for with and without environmental content,
respectively). In sum, there was no evidence of mediation
by guilt for any of the relations reported here.

Discussion

In this study, we did not find evidence that providing in-
formation about genetics and/or the family environment

improved parent feeding. This finding is consistent with
the literature in the self-focused domain wherein genetic
information provision has not been found to change in-
dividuals’ lifestyle behavior [10]. In both the self-focused
and child-focused literature, it is well-known that dietary
behavior change can be difficult to initiate and sustain
[44]; this pattern is once again reflected here. Although
the provision of multifactorial genetics and family
environment-focused information may not be a silver
bullet for parental behavior change, there are, in fact,
many situations in which this information may be com-
municated for other reasons. For example, genetic in-
formation regarding health and disease risk is routinely
provided in response to DNA testing marketed directly
to consumers (often in the absence of behavioral or en-
vironmental information) [45, 46]. In addition, health
education and public health communications often
provide information about the family environment to
parents without invoking genetics concepts. The findings
of the current study shed light on the relative benefit of
communicating about both genes and the family envir-
onment as opposed to providing either genetic or family
environment information in isolation.

Indeed, the current study indicated the provision of
genetic information in isolation may negatively impact
parent feeding. Presentation of genetic information
alone was associated with higher levels of child feeding
for two out of five types of unhealthy foods in the week
following information receipt. Specifically, parents re-
ported feeding more junk food and fatty meats to their
child when they had received genetic information alone.
Among mothers, in the VR Buffet measure provision of
genetic information was associated with higher-calorie
meals, and this effect appeared to be largely driven by the
group who received genetic information alone. Together,
these results imply that isolating genetic information can
negatively impact parent feeding behaviors, which par-
tially supports hypothesis 1a. These reactions may be in-
dicative of determinism, wherein an emphasis on genetic
risk leads parents to assume that their feeding decisions
are less impactful. Future work should investigate more
proximal assessments of potential determinism such as
perceived parental responsibility for child health out-
comes. In the larger literature, although determinism was
a widely hypothesized reaction to obesity-focused gen-
etic information, it has rarely been observed [47, 48]. The
difference here may be related to a focus on one’s child as
opposed to the self or may stem from our specific pres-
entations of the message. Unsurprisingly, more research
is needed.

Similarly, information about the influence of the
family environment alone had negative effects on par-
ental guilt. Our findings indicate that these messages
gave rise to increased parental guilt, both global and
family environment-specific. This is unsurprising as
the family environment is shaped directly by parents.
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Previous research has shown that discussing child
obesity risk factors that are shaped by parent behavior
tend to engender parental guilt [49, 50]. Genetics-only
information was also associated with some increase in
parental guilt, but surprisingly G X FE information
was not. The patterns partially support hypothesis 2
in that some types of causal information were asso-
ciated with increased guilt over control. Hypothesis
2a was not supported; we found no evidence that G
x FE information was associated with higher levels of
guilt, nor was genetic-only information associated with
lower levels.

At the outset of this study, we hypothesized that
guilt may be a route through which risk information
provision leads to healthier child feeding (hypothesis
3). This hypothesis was unsupported. Although some
messages led to increased guilt from baseline, guilt did
not go on to improve any healthy feeding-related out-
comes. Furthermore, guilt was positively associated with
a handful of the unhealthy food frequency assessment
outcomes at a 1-week follow-up. Although this diverges
from our hypothesis, it is consistent with previous find-
ings that parental guilt can be associated with worse
feeding outcomes [33], and can lead to impaired control
with respect to food [33, 51]. As such, we can consider
the possibility that guilt serves as a negative, undesirable
outcome in the child feeding domain. It is important to
note, however, that in this study, all information condi-
tions led only to mild feelings of guilt, and in some cases,
genetics-specific guilt even decreased from baseline to
post-test. It is possible that elicitation of guilt among
parents may not be of great concern in this context. To
the extent, however, that guilt is elicited, the current re-
sults indicate that when family environment-based risk
information is provided to parents, combining it with
genetic information may have the capacity to reduce
guilt response. This would likely happen by the sugges-
tion that there are elements of child risk that lie outside
of parental control. Communication approaches which
could evoke higher levels of guilt should, however, be
directly investigated, as it is unclear whether guilt evoked
at higher levels may go on to affect parental feeding prac-
tices, either positively or negatively.

These preliminary findings suggest some draw-
backs of genetics-only and some drawbacks of family
environment-only information. This supports the notion
that we should strive for accuracy in our health commu-
nication efforts by portraying the complexity of obesity
risk transmission processes rather than over-simplifying.
Importantly, this more complex approach diverges from
how this communication is typically undertaken at pre-
sent, where messages to the public tend to focus on either
genetic or behavioral influences in isolation [52-54]. This
suggests potential benefits from shifting existing mes-
sages to encompass a wider range of causal factors in
obesity etiology.

Notably, differences in outcomes emerged by parent
gender. The primary difference was in VR Buffet cal-
ories chosen by mothers versus fathers. We observed
that fathers chose more calories in general, consistent
with studies finding less healthful feeding among fathers
than mothers [55], though this is an understudied area.
Interestingly, mothers in the genetic condition chose
meals with calorie counts similar to fathers’ choices on
average. In general, the consistency between mothers and
fathers as to the relative superiority of G X FE among
the messages suggests that future health communications
may not require much tailoring in their content to be ef-
fective for mothers versus fathers.

The current study had several limitations. First,
a subset of participants screened into the study by
indicating they perceived themselves to be overweight
or very overweight, and subsequently indicated they
perceived themselves to not be overweight at follow-up.
Because participants met the screening criteria for the
study, we chose not to exclude them, however, this may
have weakened our effects if some parents did not truly
see themselves as overweight and therefore were less in-
fluenced by the child-focused risk message. In addition,
the follow-up period for assessing the influence of risk
messages was only one week which may not be indicative
of long-term change. We limited the follow-up period
because the messages were relatively weak and were pro-
vided only once; we, therefore, did not expect long-term
effects. Additionally, our sample was skewed toward
being highly educated. Finally, there were very few
parents who reported that their child was overweight.
This precluded testing the effect of child weight in these
analyses, a variable found to be a crucial moderator of
parent responses to G X FE messages in past work [16].

The precise composition of optimal messages remains
a target for future research. Indeed, the current study
evaluated only one particular framing and presentation
of this information. The G X FE information presented
in the current study was quite lengthy and more inten-
sive than could routinely be provided in most health or
education contexts. In addition, the scientific under-
standing of gene-environment interaction changes over
time, and different message components may become
necessary or important. Finally, previous research with
media-based G X FE messages had harmful outcomes
for some parents [16] which will be important to avoid
when crafting future communication approaches.

Taken together, it appears that incorporation of causal
routes for obesity risk is unlikely to change parents’ child-
feeding behavior above and beyond providing basic child
health information. When the provision of information
to parents about their child’s obesity risk is needed or
otherwise warranted, the current findings suggest that
multifactorial G X FE approaches may be preferable
to single-factor approaches for optimizing outcomes.
This has implications for precision medicine and other
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contexts where genetic information is frequently shared.
Not only might they reduce any unwarranted fatalistic
response, but G X FE explanations for obesity risk are
the most accurate and convey the complex interplay that
underlies children’s obesity risk.

Supplementary Material Supplementary material is available at
Annals of Behavioral Medicine online.
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