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Abstract

Background: Unhealthy behaviors (eg, poor food choices) contribute to obesity and numerous negative health outcomes,
including multiple types of cancer and cardiovascular and metabolic diseases. To promote healthy food choice, diet interventions
should build on the dual-system model to target the regulation and reward mechanismsthat guide eating behavior. Episodic future
thinking (EFT) has been shown to strengthen regul ation mechanisms by reducing unhealthy food choice and temporal discounting
(TD), aprocess of placing greater value on smaller immediate rewards over larger future rewards. However, these interventions
do not target the reward mechanisms that could support healthy eating and strengthen the impact of EFT-anchored programs.
Increasing positive affect (PosA) related to healthy food choices may target reward mechanisms by enhancing the rewarding
effects of healthy eating. An intervention that increases self-regulation regarding unhealthy foods and the reward value of healthy
foods will likely have a greater impact on eating behavior compared with interventions focused on either process alone.

Objective: This study aimed to introduce a protocol that tests the independent and interactive effects of EFT and PosA on TD,
food choice, and food demand in overweight and obese adullts.

Methods: This protocol describes afactorial, randomized, controlled pilot study that employs a 2 (affective imagery: positive,
neutral) by 2 (EFT: yes, no) design in which participants are randomized to 1 of 4 guided imagery intervention arms. In total,
156 eligible participants will complete 2 lab visits separated by 5 days. At visit 1, participants complete surveys; listen to the
audio guided imagery intervention; and complete TD, food demand, and food choice tasks. At visit 2, participants complete TD,
food demand, and food choice tasks and surveys. Participants complete a daily food frequency questionnaire between visits 1
and 2. Analyses will compare primary outcome measures at baseline, postintervention, and at follow-up across treatment arms.

Results: Funding notification was received on April 27, 2017, and the protocol was approved by the institutional review board
on October 6, 2017. Feasihility testing of the protocol was conducted from February 21, 2018, to April 18, 2018, among the first
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32 participants. Asno major protocol changeswererequired at the end of the feasibility phase, these 32 participantswereincluded
in the target sample of 156 participants. Recruitment, therefore, continued immediately after the feasibility phase. When this
manuscript was submitted, 84 participants had completed the protocol.

Conclusions: Our research goal isto develop novel, theory-based interventionsto promote and improve healthy decision-making
and behaviors. The findings will advance decision-making research and have the potential to generate new neuroscience and

psychological research to further understand these mechanisms and their interactions.

Trial Registration:
at http://lwww.webcitation.org/7600uO0K G)

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2019;8(3):€12265) doi: 10.2196/12265
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Introduction

Background and Rationale

Unhealthy behaviors, such as poor food choices and physical
inactivity, are associated with numerous negative health
outcomes, including, but not limited to, multiple types of cancer
and cardiovascular and metabolic diseases [1]. Notably, these
behaviors can contribute to weight gain and obesity, which
remains one of the top preventable causes of morbidity and
mortality worldwide [2,3]. Only 9-13% of US adults met fruit
and vegetabl e intake recommendations (ie, 1.5to 2 cups of fruits
aday, 2 to 3 cups of vegetables a day) in 2013 [4]. Similarly,
in England, only 26% of adults consumed 5 or more portions
of fruitsand vegetablesaday in 2016 [5]. Interventionstargeting
diet may help individualslose weight in the short term, but often
have minimal impact on weight loss maintenance, potentially
because they do not target the underlying cognitive and affective
mechanisms of eating behavior [6].

Eating behavior isacomplex processregulated by homeostatic,
physiologic-driven mechanisms that drive eating in response
to hunger [7] and nonhomeostatic, reward-driven mechanisms
that drive eating in response to highly palatable external cues
(eg, foods high in fat and sugar) [8]. The rewarding nature of
highly palatable foods can lead to eating in the absence of
hunger, and in turn, overeating can result in increased reward
responsivity to certain foods and subsequent weight gain [9].
Dual-system neural models of eating behavior theorize that the
increased neural reward responsivity can be mitigated by
activating areas of the brain associated with regulation to
dampen hyperactive reward responses and manage unhealthy
eating behaviors [10]. The regulation network, referred to as
the executive [11], deliberative [12], or reflective system [13],
includes brain regions associ ated with cognitive control, emotion
regulation, and goal-directed behavior. In contrast, the reward
network, referred to as the impulsive [11,13] or automatic [12]
system, includes brain regions associated with evaluating,
anticipating, and processing rewards. When there is an
imbalance between these networks, the reward network can
override the regulation network, whereby overeating leads to
weight gain and eventually obesity [14]. Thus, among obese
individuals, the regulation network is often considered
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underactive and the reward network is considered overactive
[14].

To promote the healthy diet of fruits, vegetables, legumes, nuts
and whole grains, and minimal sugars and fats recommended
by the World Health Organization [15], healthy eating
interventions should build on the dual-system model described
aboveto target both the regul ation and reward mechanismsthat
guide eating behavior. One regulation mechanism relevant to
food choice is delayed gratification—the ability to resist the
temptation of an immediate reward (eg, highly palatable food)
in preference of alater reward (eg, long-term health) [10]. Prior
research suggests that individuals who are obese show poor
delayed gratification and demonstrate greater temporal
discounting (TD), meaning they place greater value on smaller
immediate rewards over larger or delayed rewardsin the future
[16-18]. For example, an individua with a low delay of
gratification may value the satisfying taste of savory or sweet
food that is available now, over the health benefits of future
weight loss. Prior work indicates increased brain activation in
regulation regions when participants make decisions involving
delayed rewards and increased activation in reward regions
when participants make decisions involving immediately
available rewards [19]. Decreasing TD may, therefore, make it
easier to favor the long-term reward of making a healthy food
choice over theimmediately available taste reward that may be
associated with unhealthy food choice.

Multiple studies have demonstrated that the cognitive process
of episodic future thinking (EFT; ie, the ability to imagine or
simulate personal experiencesthat might occur in one’sfuture)
reduces TD, especialy in overweight and obese individuals
[20]. Research delving into the mechanisms of EFT suggests
that EFT is derived from episodic memory, which supports
future simulation by allowing people to flexibly retrieve and
recombine elements of past experiences into nhovel
representations of events that might occur in the future [21].
Evidence from thought sampling procedures indicates that
episodic future thoughts occur frequently in everyday life and
serve arange of functions, including decision making, emotion
regulation, intention formation, and planning [21]. Furthermore,
training in EFT (vs episodic recent thinking [ERT]) has been
shown to reduce discounting rates and food reinforcement [22]
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as well as behavioral outcomes such as calorie consumption
[23,24]. These lab studies and pilot interventions suggest that
EFT has the capacity to reduce TD and calorie consumption;
yet, these interventions do not target the reward mechanisms
that impact eating decisions. In addition, targeting the reward
mechanismsinvolved in food choice could strengthen theimpact
of an EFT-anchored intervention.

One way to target the reward mechanisms involved in obesity
is by enhancing the rewarding effects of healthy eating and
creating positive associations with healthy food. Descriptive
and observational research has shown that positive affect (PosA)
is associated with healthier food [25,26], but this association
may be bidirectional, with some studies showing fruit and
vegetable consumption predicting PosA [27,28]. Affect is the
representation of the body’s core evaluation, at any level and
in any modality (including physiological reactions, emotions,
thoughts, and expressions), that an object, event, or person
encountered intheworld isgood for it, bad for it, approachable,
or avoidable [29]. Accordingly, PosA is the physiological and
emotional experience that an object is beneficial and confers
positive value to the body and self. Importantly, a study
experimental ly manipulating PosA showed that creating positive
associations with fruit (as opposed to neutral or negative
associations) significantly increased the likelihood of choosing
fruit in a behavioral choice task [30]. Consistent with the
dual-system model, eating behavior interventions may need to
take advantage of the overactive reward system that has been
associated with overeating and obesity by enhancing the
rewarding associations with healthy eating and its effects.

PosA has also been shown to increase TD [31], indicating that
EFT exercises and feelings of PosA may have an interactive or
additive effect on discounting rates. Both mechanisms have
different underlying neurological pathways, and their interactive
effect has not been tested to date. Although programs and
interventions to increase healthy food choices exist, new
interventionsfirmly grounded in behavioral, cognitive, affective,
and neuroscientific theory may have a stronger impact on
increasing healthy food choices than existing interventions. An
intervention focused on enhancing both reward for healthy foods
and regulation for unhealthy foods is likely to have a greater
impact on dietary choices compared with interventions focused
on either process alone.

This Study

This protocol aims to test whether an intervention focused on
enhancing both the reward val ue of healthy foods and regulation
surrounding unhealthy foodsis likely to have a stronger effect
on eating behavior compared with interventions focused on
either process alone. To achieve this, we will conduct a 2x2
factorial, randomized, controlled lab-based intervention study
of brief guided imagery exercises that target regulation (EFT:
yes, no) and reward (PosA imagery: positive, neutral)
mechanisms of eating behavior.

To assesstheindividual and combined effectsof EFT and PosA
on eating behavior, we will examine the effect of PosA, EFT,
and their interaction on (1) TD, (2) the reward value of healthy
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and unhealthy foods (ie, food demand indexed by intensity or
the number of items consumed when freely available), and (3)
food choice. Our predictions are 3-fold. First, we predict that
participants in the EFT condition will demonstrate lower TD,
lower demand for unhealthy foods, higher demand for healthy
foods, more healthy food choices, and less unhealthy food
choices compared with the ERT condition. Second, we predict
that participants in the PosA condition will demonstrate no
differencesin TD, yet exhibit lower demand for unhealthy foods,
higher demand for healthy foods, more healthy food choices,
and less unhealthy food choices compared with the neutral affect
conditions. Third, we predict that participants in the EFT and
PosA conditions will demonstrate the lowest TD, the lowest
demand for unhealthy foods, the highest demand for healthy
foods, the healthiest food choices, and the least unhealthy food
choices compared with participants in all other conditions.

Methods

Study Design

Thisstudy isafactorial, randomized, controlled pilot study that
employs a2 (PosA imagery: positive, neutral) by 2 (EFT: yes,
no) design in which participants are randomized to 1 of the 4
arms. Figure 1 shows the flow diagram depicting the
experimental design. The 4 intervention arms are listed below:

1. Arm 1: PosA-EFT

2. Arm 2: PosA and no EFT

3. Arm 3: neutral affect and EFT

4. Arm 4. neutral affect and no EFT (ERT control condition)
Sample Size

The target sample size of 156 participants (39 participants per
group) is based on 2 prior studies testing EFT interventions.
Sze et al [22] found that Web-based training in EFT (vs ERT)

reduced TD with an effect size of n?=0.18. O'Neill et al [23]
found that smartphone-delivered training in future (vs recent)
episodic thinking impacted food choice by reducing total calorie

consumption (n?=0.28) and percent cal ories consumed from fat

(n%=0.28). We plan to use a mixed-design analysis of variance
(ANOVA) with treatment arm (4 arms) as the between-subject
variable and measurement period (baseline, after allocation, and
closeout) asthe within-subjectsvariable. Asthe EFT cue utilized
by O'Neill et al was personalized to each participant and was
delivered repeatedly viasmartphone, and this protocol includes
none of those design features (the intervention content is
standardized and delivered once), we predict a smaller effect
size. To be conservative, we predict the interaction between
time and intervention arm variables will yield a standardized
effect size of 0.17. Attrition rates commonly observed in brief
guided imagery intervention studies are approximately 20%
[32,33]. Therefore, we aim to recruit 156 total participants (39
participants per group) to allow for an analytic total sample of
124 participants with 31 participantsin each group. Thiswould
provide 95% power to detect astatistically significant interaction
between intervention arm and measurement period at the .05
level while adjusting for attrition.
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Figure 1. Flow diagram of study procedures. PosA: positive affect; EFT: episodic future thinking; ERT: episodic recent thinking.

Online eligibility screener

Eligible

Study consent

Ineligible

Not invited to

Questionnaire battery and baseline measures

Randomization

i
Arm |:
PosA-EFT

N

Arm 2:
PosA

Arm 3:
EFT

Outcome measures

Anthropometric measurements

.\.

Questionnaire battery and food presentation

Follow-up visit: Repeated outcome measures,
questionnaire battery & food presentation

Participants and Setting

Participantswill berecruited from the Charlotte, North Carolina,
area community and asked to attend 2 in-person lab sessions
separated by 5 days of daily diet tracking. The study will take
place in aresearch lab in the Department of Psychology at the
University of North Carolina at Charlotte, with a target
recruitment of approximately 50% female. The United States
Census Bureau provides estimates about the population
characteristicsin each state. Our race and ethnicity recruitment
targets are derived from the Charlotte, NC 2017 Census [34].
To represent the Charlotte, NC population, we aim to recruit
approximately 43% non-Hispanic white, 35% African American,
13% Hispanic or Latino of any race, 6% Asian American, and
3% other race (eg, Native Hawaiian or other Pacific Islander)
Or 2 or more races.

Study Procedures

| dentification

Potential participants will be recruited through postings in
classified advertisement websites and on Facebook forums,
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participate
N
Arm 4:
ERT Day 1
V4
Days 2-6
~Day 7

through flyers posted at community buildings such as libraries
and grocery stores, and through recruitment adverti sements sent
through university listservsreaching students, faculty, and staff.
All individuals receiving this recruitment information will be
considered potential participants.

Eligibility Assessment

Eligibility will be determined before coming to the lab by a
Web-based screening questionnaire delivered via the Qualtrics
survey platform. This survey will include basic demographic
guestions aswell as self-reported height and weight (to calculate
inclusion body mass index [BMI]) and questions assessing
exclusionary medical conditions that could confound dietary
choices (see below).

Participants are eligibleif they:

1. Are aged between 18 and 63 years. We set the upper age
limit at 63 years to limit the potential confounding effect
of older age. Older adults may show a greater preference
for immediate over delayed rewards [35], and this
preference may be stronger among older adults with mild
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cognitive impairment [36-38] and Alzheimer disease
[37,38]. On the other hand, other studiesindicate that ol der
adults may show a greater preference for delayed rewards
compared with middle-aged adults [36]. In sum, TD may
shift in older individuals asthereis potentialy lesstimein
the future. Hence, our upper age limit is set at 63 yearsto
minimize this age-related shift.

2. Have a BMI indicative of overweight or obese status

(BMI1225 kg/m?), measured first through self-report and
then verified at the baseline visit with anthropometric
measurements.

Participants are indligible if they:

1. Report any conditions that could affect their food choices
(ie, special dietary conditions, including diagnoses of celiac
disease or type 1 diabetes; are currently being treated for
an eating disorder; have ever had gastric bypass surgery;
are alergic to nuts or peanuts; or practice a vegan diet) or
responses during the lab tasks.

2. Have any devices (eg, pacemaker) in their body that could
be disrupted by the bioimpedance scal e measuring body fat
percentage.

3. Arecurrently pregnant.

Consent Procedure

Informed consent for the study will be obtained upon arrival at
the study lab in aface-to-face interaction with trained research
staff. The research staff will review study information with the
participant to ensure good comprehension and understanding
and to answer any questionsfor clarification. A waiver to allow
withholding information about several portions of the study
procedure during consent was obtained from the ethics board.
First, we will not inform the participants that we will be
recording their selection of unhealthy and healthy snacks.
Disclosure of this portion of the study may bias participants to
not select food naturally. Second, we will not be disclosing the
BMI inclusion and exclusion criteria, as disclosure could
significantly increase the prospective participants' emotional
distress as they could learn that they meet criteriafor obese or
overweight status. Third, we will not disclose inclusion and
exclusion dietary health conditionsthat could impact food choice
(eg, gluten intolerance, celiac disease, or type 1 diabetes).
Finally, to ensure that participants are blind to intervention
condition assignment, the consent form will not disclose the
overall factorial design of the study, the number of intervention
arms, or the intervention content.

Ethicsand Confidentiality

The study has been granted ethical approval by the Health
Sciences Research Governance Committee, University of York
(December 4, 2017), and the University of North Carolina at
Charlotte Institutional Review Board (17-0388; October 6,
2017). A signed copy of the informed consent will be kept by
the research staff, and a copy is available to the participants for
their records.

Randomization Process and Blinding

All guestionnaires and intervention content will be delivered
viathe Qualtrics Web-based survey platform. After the consent
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is obtained, randomization will be achieved via the Qualtrics
software randomizer function. Upon starting the experimental
session on the computer, the Qualtrics survey will randomly
deliver 1 of the intervention arms to each participant without
any input needed from the researcher, resulting in double
blinding. The consent information will only state that the
participants will listen to a short recording instructing them to
think about physical sensations or future events. There is no
information provided in the consent form on the study design,
and there is no mention of PosA, EFT, or the number of
intervention arms. Therefore, both the researcher and the
participant will be unaware of the intervention arm to which
the participant is assigned. The Qualtrics randomization
procedurewill evenly present the 4 intervention arms or guided
mental imagery schemes across participants.

Intervention Content

Initial scripts for the interventions were developed and then
presented to an advisory panel of professionalswho are experts
in guided mental imagery stimuli, affect manipulation, future
episodic thinking, and eating from the United Kingdom and
United States. Guided imagery scripts were also presented to 2
face-to-face community advisory panels, one in the United
States and the other in the United Kingdom. The intervention
development processis described in detail elsewhere [39].

During the guided imagery including PosA (arm 1 [PosA-EFT
intervention] and arm 2 [PosA intervention]), participants will
be invited to think of positive feelings and associations
surrounding healthy fruits and vegetables. They will be asked
to imagine themselves appreciating the healthy food and to
bring awareness to the positive aspects of the food, such asits
color, feel, smell, taste, and health benefits. Additionally,
participants in the PosA-EFT intervention (arm 1) will then be
invited to think in detail of a future where they have made
healthy food choices. The EFT intervention (arm 3) focuses on
future-oriented thinking as described above, but includes no
positive emotions surrounding healthy food. Finaly, the ERT
intervention control (arm 4) asks participants to think about a
recent event and aims to rule out potential effects of guided
imagery aone on food decision-making and TD and to control
for the effort involved in imagining an event at a different time
than the present. The interventions will be delivered during the
first experimental session (seethe Experimental Sessions section
below) using Qualtrics survey software to play the audio
recording of the guided imagery for each of the 4 intervention
arms.

Quality Assurance of Treatment Delivery

Theinterventions are audio recordingsthat the participants will
listen to during the first experimental session. Thus, they are
standardized across all participants to ensure the consistent
delivery of each intervention condition. After the intervention
is delivered, 3 questions will be asked that function as
intervention manipulation checks. Immediately after the
intervention, participants will be asked to describe some of the
thoughts that came to their minds while listening to the guided
imagery recording. Next, participantswill be asked to rate how
positive and negative they felt during the guided imagery on a
scale from 1 (“not at al”) to 10 (“extremely”). Participants
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written text responses, describing their thoughts during the
intervention, will be blindly coded for the occurrence of PosA,
EFT, and recent past episodic thinking.

Training

A large team of approximately 6 research assistants, led by 1
or 2 trained lead research assistants, will implement the
experimental procedures. A protocol manual will describe the
entire experimental session and include information on how to
guide the participant through the questionnaires and body
measurements. Each research assistant will be trained multiple
timesin implementing the protocol. In addition, each assistant’s
first scheduled participant session, for each time point, will be
observed by 1 of the lead research assistants. Finally, follow-up
drop-in observationswill be scheduled periodically to maintain
consistently accurate data collection.

Experimental Sessions

The study protocol includes 2 in-lab experimental sessions
separated by approximately 5 days of at-home daily food diary
entries (see Table 1). All questionnaires, intervention content,
and baseline and outcome measures are delivered via the
Quialtrics Web-based survey platform. Participantswill be asked
to fast for 2 hours before each experimental session, and all
sessions will be scheduled after 10:00 am.

During the first experimental session, the participants will
complete a battery of questionnaires, abaseline TD task, and a
baseline food demand task (seethe Primary Outcome M easures
section below). Then, they will berandomly assigned to receive
1 of the 4 guided imagery intervention arms followed by
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mani pulation check questions. Next, they will completethe TD
and food demand tasks again, after which they will be offered
avariety of snack foods to assess food choice. Food items will
be placed next to the participantswhile aresearch assistant reads
astandardized food choice script. At the end of the session, the
participants’ anthropometric measurements will be taken, they
will be scheduled for the second experimental session, and they
will be instructed on when and how to complete the daily food
diaries. The duration of the first session will be approximately
90 min, and each daily food diary entry will take approximately
5 min to complete. During the second experimental session,
participantswill complete the TD and food demand tasks again.
They will be asked to complete another battery of questionnaires
while they are again presented with a variety of snacks to eat,
to assess their food choices a second time. The duration of the
second session will be approximately 40 min. The schedule of
enrollment, interventions, and assessments for the study is
shown in Table 1.

Reimbur sements

Participants will receive US $10 for completing the first
experimental session, US $5 for completing at least 3 of the 5
food diaries, and another US $10 for completing the second
experimental session, to compensate for potential
participation-related expenses. Participantswho do not complete
al parts of the study (eg, they do not return for the second
session) will only be reimbursed for the parts of the study they
completed. Participantswho complete all partsof the study will
also be entered in arandom drawing for a chance to win 1 of
the 2 Target gift cards worth US $100.
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Table 1. SPIRIT Figure: Schedule of enrollment, intervention, and assessments.

Time point Study period

Enrollment and
alocation

Recruitment

-t 0

Postallocation daily food surveys Close out

t to t3 tg ts te

Enrollment
Eligibility screen X a
Informed consent
Allocation

I nterventions

Positive affect and episodic fu-
ture thinking

Positive affect
Episodic future thinking

Neutral affect and episodic recent
thinking

Assessments
Baseline: TDP
Baseline: Food demand
Outcome: TD

Outcome: Food demand

|
X X X X X

Outcome: Food choice

Outcome: Daily food surveys

|
>

Assessments before allocation®
Assessments after allocation®

Assessments at close out®

Repeated assessments (before
allocation and at close out)f

&__: not applicable.
bTp: temporal discounting.

CAssessments before allocation: food frequency, reward-based eating, health-specific self-efficacy, weight related eating, health locus of control,

perceived stress reactivity.

dAssessments after allocation: emotion regulation, trait mindfulness, behavioral motivations, impulsiveness, mental health history, physical health

history, demographics.

€A ssessments at closeout: global self-reported health, self-reported weight status, social desirability, coping responses, tobacco and alcohol use, sleep

quality, loneliness, psychological flexibility.

fRepeated assessments (before allocation and at closeout): stages of change in wei ght management; Covariate measuresincluded in analyses: perceived

stress, positive and negative affect, and depressive symptoms.”

Primary Outcome M easures

Temporal Discounting

The minute monetary TD task will be given at baseline, after
alocation, and at closeout to assess TD. During the minute
monetary TD task, participants answer 5 questions about their
preferenceto receive specific monetary rewards over time (now
vs later). Across consecutive trials, participants are presented
with afixed set of choices between smaller, immediate rewards
and larger, delayed rewards (US $1000 in 3 weeks or US $500
now) with the temporal distance being adjusted at each tria
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(now, 4 days, 1 week, 3 months, and 2 years). The 5 questions
are taken from a list of 64-item pairs with differential money
and time options. The questions adjust based on the participants
prior response to identify their delay discounting rate. For
exampl e, the participants sel ect which option they would rather
have “US $500 now” or “US $1000 in 3 weeks.” If the “US
$1000in 3weeks” isselected, the next question will feature the
same monetary reward at a more distant time (ie, “US $1000
in 1 year"). However, if the“US $500 now” option is selected,
the next question will feature the US $1000 reward at a more
proximal time (ie, “US $500 now” or “US $1000in 1 day”). In
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this way, the reward amount or time will be titrated to identify
therate (ie, k-value) at which the participant discounts monetary
rewards over time. The TD rate will be calculated for each
participant and then compared across treatment group as a
between-subjects variable and as a within-subjects repeated
measure variable, comparing the effect of the treatment (baseline
compared with after allocation and at closeout).

Food Demand

Thefood demand task will be given at baseline, after allocation,
and at closeout. It is based on afood purchasing task [37] that
assesses the amount participants are willing to pay (ie, reward
value) for different quantities of snack foods. Participants will
first view photos of different heathy (eg, apple, yogurt, and
popcorn) and unhealthy (eg, potato chips, chocolate chip
cookies, and candy bar) snack foods that correspond with the
real food items they are presented with in the food choice task
(see the Food Choice section below). Participants select their
most preferred healthy food and their most preferred unhealthy
food from the list and answer the questionnaire for each of the
2 food items. These preferred food photos are displayed on the
computer during the task so that participants can refer to them
when completing the task. The instructions, modified from the
study by Epstein et a [40], are available in Multimedia
Appendix 1.

Food demand task responses will be used to generate a food
demand curve, reflecting the quantitative relationship between
demand for food and escalating price. We will calculate the
food demand curve for each of the preferred healthy and
unhealthy options. Calculating the food demand curve generates
5indices:. (1) food demand breakpoint (ie, thefirst price at which
consumption was 0), (2) intensity of food demand (ie,
consumption at the lowest price), (3) elasticity of food demand
(ie, sensitivity of snack food consumption to increasesin cost),
(4) Omax (ie, maximum expenditure for snack food), and (5)
Pmax (ie, price at which expenditure was maximized).
Calculating the food demand curve for each of the preferred or
chosen healthy and unhealthy optionswill giveriseto 10 values
(5indicesfor each healthy and unhealthy food categories). The
primary index of demand will be intensity of food demand,
which will be compared across treatment group as a
between-subject variable and as a within-subject repeated
measure variable, comparing the effect of the treatment (baseline
compared with after allocation and at closeout). However, all
indices will be calculated to fully describe the demand curve.

Food Choice

Food choicewill be assessed by presenting participants with an
array of healthy and unhealthy snack options after allocation
and at closeout. Participants will be presented with the snack
options on atray, and all itemswill be presented as pairs (ie, 2
apples, 2 bags of chips, or 2 candy bars) to encourage selection.
Participants will be presented with a total of 9 healthy and 9
unhealthy snack options (excluding drink options). Importantly,
2 of each snack option will be presented, so participants will
see atotal of 18 healthy and 18 unhealthy snack items (36 total
snack items). Healthy snack food items have a total calorie
count that ranges from 35 to 180 cal ories per portion. Unhealthy
snack food items have atotal cal orie count that rangesfrom 230
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to 330 calories per portion. An attempt was also made to match
items categorically, for example, an unhealthy option such as
potato chips will be provided along with a healthy option such
as low-calorie popcorn and rice puffs. The snack items will be
arranged neatly on thetray and will resemble the snack tray that
issometimes presented to guestsin ahotel room. Alongsidethe
tray, participantswill be presented with accompanying unhealthy
(soda) or healthy (water) drink choices. Aswith the snack, 2 of
each drink option will be available.

Research assistants will describe the availability of the snack
options in the context of the requirement that participants fast
before the study appointment. This approach is expected to
reduce potential participant biasthat could occur if participants
are aware their food choiceswill be recorded. Thefollowing is
asection of the script that research assistantswill deliver at this
time;

In our lab, we always ask participants not to eat or
drink anything before coming into the lab to make
sure that differences in how hungry you are or the
time since your last meal doesn't affect your choices
on the tasks or your preferences. We know it can be
hard to fast and since we ask participants to not eat
for two hoursbefore coming in, weliketo give people
a range of snacksto eat.

Participants will then be encouraged to select any snack option
to eat during the session (while completing the final batch of
guestionnaires) or take the food(s) with themto eat | ater at their
leisure. The research assistant will then leave the participant
alonewith the snack optionswhilethey completetheremaining
guestionnaire items. All food choices will be recorded by the
research assistant after the participant departs. The recorded
number of healthy and unhealthy snacks will be summed,
respectively, to create healthy food choice and unhealthy food
choice variables for each participant. These variables will be
compared across treatment group as a between-subject variable
and as a within-subject repeated measure variable, comparing
the effect of the treatment (baseline compared with after
allocation and at closeout).

Daily Food Diaries

To assess food choice during the 5 days between all ocation and
closeout, participants will be sent, by email, alink to complete
a daily Web-based food diary. This questionnaire is based on
the Paffenbarger Physical Activity Questionnaire Dietary Habits
subscale [41] and other food frequency questionnaires.
Participants will be asked to compl ete the survey at the end of
the day when they do not plan on eating anything afterward.
The survey will first ask the participants to briefly describe
and/or list the food items or meals they ate that day. Then,
participants will be asked to report the number of servingsthey
ate that day for different food categories. The food categories
will include fruits; vegetables; grains; eggs, milk and cream;
dairy (not including milk); poultry; fish and seafood; beef, pork,
lamb, and other red meat; nuts, seeds, and legumes; fats and
oils; sweets and desserts (not including candy); candy; salty
snacks; drinks; and other foods. For each food category, several
exampleswill be provided to describewhat equatesto 1 serving
of that category. The reported number of daily servingsfor each
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of the food categories will be averaged to create a measure of
outside-the-lab food intake. For analysis, outside-the-lab food
intake will be compared across treatment groups to assess the
impact of theintervention arm on outside-the-lab food choices.

Demographic and Anthropometric M easures

Demographic I nformation

Participantswill self-report their age and biological sex (O=male,
1=femae). They will also report their relationship status,
education, and income group that best represents themselves
from preselected options. Finaly, they will be asked to report
their racial and ethnic identity by indicating if they identify as
Hispanic or Latino and select the racial group that best
represents themsel ves from presel ected options.

Anthropometric Measurements

During the first experimental session, height will be measured
with astadiometer and weight will be assessed with an electronic
weight scale. Recorded height and weight will be used to
confirm the participant’s self-reported height and weight on the
screening questionnaire. Waist circumference will be measured
with atape measure. Body fat percentage will be assessed with
an Omron bioimpedance scale. Blood pressure will be measured
with an aneroid sphygmomanometer, Omron blood pressure
monitor. Three successive arterial blood pressure readings will
be taken on the participant’s left arm, with a 2-min interval
between each reading.

Covariates

Covariates thought to impact eating behavior will be assessed
before alocation and 1 week later at closeout. Covariate
measures are indicated in Table 1 in footnote f.

Perceived Stress

To control for the impact of stress on eating behaviors, we will
measure self-reported perceived stress using the 14-item
Perceived Stress Scale (PSS) [42]. The PSS assesses the extent
towhich situationsin one’slife are apprai sed as stressful during
the past month on a5-point Likert scale (O=never, 4=very often).

Positive and Negative Affect

We will use the 10-item Positive and Negative Affect Scale
(PANAS) [43] to control for the impact of dispositional affect
on eating behaviors. The PANAS assesses the extent to which
the individual felt positive or negative emotions in the past
month. Participantsrate their affect using a5-point Likert scale
ranging from very slightly or none at al to extremely. During
the second experimental lab session, this questionnaire will be
administered again, but instead ask about affect in the past week.

Depressive Symptoms

We will control for the impact of depression symptomatology
on eating behavior by measuring depressive symptomswith the
10-item Center for Epidemiology Studies of Depression scale
(CESD-10) [44]. The CESD-10 assesses mood symptomsduring
the past 7 days using a4-point Likert scale.
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Exploratory Measures

Several exploratory measures will be included in the study to
determineif group assignment or our primary outcome measures
are associated with psychological, behavioral, and emotional
health constructs. Participants will complete a distinct set of
exploratory assessments before allocation, after allocation, and
at closeout (Table 1). Trait exploratory measures that are less
likely to be impacted by the intervention content will be
distributed after allocation and at closeout to aso serve the
practical design purpose of providing a consistent setting during
which the participant is presented with the array of snacks that
comprise the food choice measure. The description of each
exploratory measure is provided in Multimedia Appendix 1.

Analysis

Primary Statistical Analysis

Our primary statistical analyses will comprise a mixed design
(between-subjects and repeated measure) that compares TD,
food demand, and food choice measures at baseline, after
allocation, and at closeout across treatment arms. Our analyses
will control for standard demographic variables such as age,
biological sex, race, and income. A series of repeated measure
ANOVAswith treatment arm as a between-subject variable and
measurement period asthe repeated measure will be conducted
on TD rates and healthy and unhealthy food demand indices,
respectively.

In addition, to examine the effect of the intervention arms on
food choices inside and outside the lab, a series of ANOVAS
will be conducted on healthy and unhealthy snack food choices
and average daily serving intake values for each of the food
categories. To probethe effect of theintervention onin-lab food
choices, we will conduct a repeated measure ANOVA with
measurement period repeated across treatment group on health
and unhealthy snack food choices. Next, to probe the effect of
theintervention on food choices outside thelab, we will conduct
a l-way ANOVA with treatment arm entered as the
between-subject variable on average daily serving intake values
for the primary food categories (ie, fruit and vegetable intake).

Secondary Statistical Analyses

In exploratory analyses, we will examine correlations between
summary scores on the exploratory questionnaire measuresand
outcome measures of TD, food demand, and food choice, to
explore potential relationships between self-report and primary
outcomes. For example, we plan to examine whether there is
an association between change in primary outcome measures
(from baseline to post alocation), physical activity, smoking,
and acohol use, to examine how these health behaviors
influence the efficacy of the intervention. We also anticipate
examining the associ ation between trait mindfulnessand changes
in outcome measures, to determine if trait mindfulness
influencesintervention efficacy. |n another potential exploratory
analysis, we will test the association between trait impulsivity
and changes in TD over the course of the study, to determine
if high trait impulsivity is associated with greater stability in
TD over time. These, and other analyses, will be used to explore
the extension of the intervention to other health behaviors and
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for the development of future research questions and
interventions.

Results

Recruitment started on February 19, 2018, to begin feasibility
testing of the protocol. Feasibility testing started on February
21, 2018, and continued through April 18, 2018, during which
20.5% (32/156) of thefinal samplewas run through the protocol.
Astherewere no major protocol changes required at the end of
the feasibility phase, these 32 participants were included in the
target sample of 156 participants. Recruitment, therefore,
continued immediately after the feasibility phase. At the time
this manuscript was submitted, participants are actively being
recruited into this study, and 84 participants have completed
the protocol. Recruitment is estimated to last approximately 10
months.

Discussion

Findings and Implications

The overall goal of this research is to develop novd,
theory-based interventions to promote and improve healthy
decision-making and behaviors. In this study, we focus on eating
behaviors and test the overarching hypothesis that guided
imagery interventions targeting PosA will increase the rewarding
value of healthy foods, indexed by food choice and food
demand, and guided imagery targeting EFT will increase
regulation, indexed by TD. We predict anovel, synergistic effect
between PosA associations toward healthy foods and positive
EFT. Both mechanisms have different underlying neurological
pathways, and their interactive effect has not been tested to date.
Furthermore, we will test these interventionsamong individuals
who are overweight or obese and may show the most benefit
from the intervention because of a hypothesized overactive
neural system of reward and underactive neural system of
regulation. Thus, the findings will advance health behavior
decision-making research. Moreover, given that the synthesis
of affective and cognitive pathways is novel, the expected
findings have the potential to generate new neuroscience and
psychological research to further understand these mechanisms
and their interactions.

Although the findings from this project will address basic
mechanisms in the context of eating behavior, the effect of
affective associations and future thinking likely trand ates across
different health behaviors (eg, physical activity, substance use,
and sun protection). Thus, developing brief manipulations of
these 2 mechanisms (ie, PosA and positive EFT) holds great
potential for future tranglation across multiple health behaviors.
Moreover, given that the affective imagery and EFT
manipulations are relatively brief and could be easily adapted
to Web-based or smartphone app-based interventions, such
interventions would be potentially scalable and wide-reaching.
Infact, we expect that the findings from this project will directly
inform future research targeting the 2 mechanisms (affective
associations and future thinking). Moreover, these findings
could inform research on existing eating behavior interventions,
interventions for other behavioral domains, and interventions
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that could be Web-based or delivered through mobile phone
apps.

Strengthsand Limitations

Despite the strengths of this study, some important limitations
must be noted. As a pilot study, the sample will be small and
will not have the power to examine individual differences in
intervention effectiveness. It is also possible that some
participantswill have difficulty forming PosA associationswith
healthy food or that the formed positive associations will also
extend to nonhealthy foods to increase the overall appea of
food in general. Although we do not expect this to be the case
because the PosA-guided imagery stimuli have been designed
to focus on the benefits of healthy food, a finding that PosA
increases the appea of food in general would regardless be
helpful in designing guided imagery exercises that promote
healthful eating. In addition, the guided imagery interventions
differ in length—the PosA-EFT intervention arm with both
PosA content and EFT content is longer than the other
intervention arms as it needs to disseminate more content. Itis
possible that the difference in length across the intervention
arms could affect the outcome measures, however, this
confounder was preferable to shortening and potentialy
decreasing the efficacy of the PosA and future episodic content
to match the lengths of the other intervention arms. Future
research will be needed to test what guided imagery length is
optimal.

With regard to the food choice outcome measure, it is also
possible that participants may expect that their food choice is
being recorded and they may monitor or alter their food choice
to be in line with perceived expectations. Although we have
designed our task instructions to mitigate this confounder, it is
possible that biasesin expectation may still exist as overweight
and obese participants may feel that their food choicesare being
observed in any public setting. If so, the expectation bias may
occur regardless of intervention arm; nevertheless, it isimportant
to acknowledge that participants may not be making food
choicesin the lab as freely as they do in nonpublic settings. In
addition, it is possible that our recruitment methods may affect
our findings. Although wewill recruit through university-based
and community-based channels, we will not recruit through any
weight loss-associated channels, which could affect our
findings. Another limitation of this protocol is that we will not
be ableto stratify our randomization by biological sex; thiswill
be an important limitation to address in future work.

Conclusions

Degspite these limitations, findings from this study have the
potential to advance decision making, reward learning, and
affective-cognition research as well as form the basis for
potentially large-scale brief interventionsthat have the capacity
to impact a range of health behaviors (eg, healthy eating,
physical activity, substance use, and sun protection).
Accordingly, findings will be disseminated at both basic and
applied science conferences. In addition, the affective imagery
and EFT manipulations are relatively brief and could be easily
adapted to Web-based or mobile phone app—based interventions.
If this study supports our hypothesis, then in the future, we will
explore the feasibility, effectiveness, cost-effectiveness, and
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scalability of developing stand-alone and add-on interventions  that manipulate PosA and EFT to promote healthy behavior.

Acknowledgments

This study is funded by Cancer Research United Kingdom, Award C63941/A25647. The authors would like to thank Michael
Brunswick and Alexis Mitchell for their assistance with data collection.

Authors Contributions

SML, LEM, EMT, NAC, ASB, APK, and NDM conceptualized the study. SML, LEM, EMT, NAC, ASB, APK, and NDM helped
develop the intervention conditions being tested in this protocol. SML, SIS-H, and MP developed the data collection protocol.
SML, SIS-H, MP, and LEM wrote the manuscript with critical edits from EMT, NAC, ASB, APK, and NDM.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Food demand instructions given to participants and description of all exploratory measures included in the study.

[PDE File (Adobe PDF Fil€), 24K B-Multimedia Appendix 1]

References

1.  Centersfor Disease Control and Prevention. 2016. Chronic disease overview URL : https://www.cdc.gov/chronicdisease/
[WebCite Cache ID 72L 49MHCT]

2. World Health Organization (WHO). 2017. Obesity and overweight URL : http://www.who.int/news-room/fact-sheets/detail/
obesity-and-overweight [accessed 2018-09-10] [WebCite Cache |ID 72KzDFHPG]

3. World Health Organization (WHO). 2018. Tobacco URL : http://www.who.int/en/news-room/fact-sheets/detail/
tobacco[ WebCite Cache ID 72K zdL bgl]

4.  Moore LV, Thompson FE. Adults meeting fruit and vegetable intake recommendations - United States, 2013. MMWR
Morb Mortal Wkly Rep 2015 Jul 10;64(26):709-713 [FREE Full text] [Medline: 26158351]

5. Nationa Health Service (NHS) Digital. 2018 Apr 4. Statistics on Obesity, Physical Activity and Diet URL.: https./files.
digital.nhs.uk/publication/0/0/obes-phys-acti-diet-eng-2018-rep.pdf[ WebCite Cache ID 721 17T72l]

6. Dombrowski SU, Knittle K, Avenell A, Araljo-Soares V, Sniehotta FF. Long term maintenance of weight loss with
non-surgical interventionsin obese adults: systematic review and meta-analyses of randomised controlled trials. BMJ 2014
May 14;348:92646 [FREE Full text] [Medline: 25134100]

7.  Berthoud HR. Interactions between the "cognitive" and "metabolic" brain in the control of food intake. Physiol Behav 2007
Aug 15;91(5):486-498. [doi: 10.1016/j.physbeh.2006.12.016] [Medline: 17307205]

8. LoweMR, Levine AS. Eating motives and the controversy over dieting: eating less than needed versus less than wanted.
Obes Res 2005 May;13(5):797-806 [ FREE Full text] [doi: 10.1038/0by.2005.90] [Medline: 15919830]

9.  SticeE, Yokum S. Neural vulnerability factors that increase risk for future weight gain. Psychol Bull 2016
May;142(5):447-471 [FREE Full text] [doi: 10.1037/bul0000044] [Medline: 26854866]

10. Koffarnus MN, Jarmolowicz DP, Mueller ET, Bickel WK. Changing delay discounting in the light of the competing
neurobehavioral decision systems theory: areview. J Exp Anal Behav 2013 Jan;99(1):32-57 [FREE Full text] [doi:
10.1002/jeab.2] [Medline: 23344987]

11. BecharaA. Decision making, impulse control and loss of willpower to resist drugs. a neurocognitive perspective. Nat
Neurosci 2005 Nov;8(11):1458-1463. [doi: 10.1038/nn1584] [Medline: 16251988]

12.  McClure SM, Bickel WK. A dual-systems perspective on addi ction: contributions from neuroimaging and cognitive training.
AnnN Y Acad Sci 2014 Oct;1327:62-78 [FREE Full text] [doi: 10.1111/nyas.12561] [Medline: 25336389]

13. Bickel WK, Miller ML, Yi R, Kowal BP, Lindquist DM, Pitcock JA. Behavioral and neuroeconomics of drug addiction:
competing neural systems and temporal discounting processes. Drug Alcohol Depend 2007 Sep;90(Suppl! 1):S85-S91
[FREE Full text] [doi: 10.1016/j.drugal cdep.2006.09.016] [Medline: 17101239]

14. Volkow ND, Wang GJ, Baler RD. Reward, dopamine and the control of food intake: implications for obesity. Trends Cogn
Sci 2011 Jan;15(1):37-46 [FREE Full text] [doi: 10.1016/j.tics.2010.11.001] [Medline: 21109477]

15.  World Headlth Organization (WHO). 2018 Oct 23. Healthy Diet URL : https.//www.who.int/news-room/fact-sheets/detail/
healthy-diet [accessed 2019-01-24] [WehCite Cache ID 75fLIKdZK]

16. Stoeckel LE, Murdaugh DL, Cox JE, Cook EW, Weller RE. Greater impulsivity isassociated with decreased brain activation
in obese women during a delay discounting task. Brain Imaging Behav 2013 Jun;7(2):116-128 [FREE Full text] [doi:
10.1007/s11682-012-9201-4] [Medline: 22948956]

https://www.researchprotocols.org/2019/3/e12265/ JMIR Res Protoc 2019 | vol. 8 | iss. 3| 12265 | p. 11
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=resprot_v8i3e12265_fig1.png&filename=c1afb96f4398bbb898352cd3ccfb7e7d.png
https://jmir.org/api/download?alt_name=resprot_v8i3e12265_fig1.png&filename=c1afb96f4398bbb898352cd3ccfb7e7d.png
https://www.cdc.gov/chronicdisease/
http://www.webcitation.org/

                                            72L49MHcT
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.webcitation.org/

                                            72KzDFHPG
http://www.who.int/en/news-room/fact-sheets/detail/tobacco
http://www.who.int/en/news-room/fact-sheets/detail/tobacco
http://www.webcitation.org/

                                            72KzdLbg1
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6426a1.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26158351&dopt=Abstract
https://files.digital.nhs.uk/publication/0/0/obes-phys-acti-diet-eng-2018-rep.pdf
https://files.digital.nhs.uk/publication/0/0/obes-phys-acti-diet-eng-2018-rep.pdf
http://www.webcitation.org/

                                            72L1ZT7zl
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=25134100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25134100&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2006.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17307205&dopt=Abstract
https://doi.org/10.1038/oby.2005.90
http://dx.doi.org/10.1038/oby.2005.90
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15919830&dopt=Abstract
http://europepmc.org/abstract/MED/26854866
http://dx.doi.org/10.1037/bul0000044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26854866&dopt=Abstract
http://europepmc.org/abstract/MED/23344987
http://dx.doi.org/10.1002/jeab.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23344987&dopt=Abstract
http://dx.doi.org/10.1038/nn1584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16251988&dopt=Abstract
http://europepmc.org/abstract/MED/25336389
http://dx.doi.org/10.1111/nyas.12561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25336389&dopt=Abstract
http://europepmc.org/abstract/MED/17101239
http://dx.doi.org/10.1016/j.drugalcdep.2006.09.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17101239&dopt=Abstract
http://europepmc.org/abstract/MED/21109477
http://dx.doi.org/10.1016/j.tics.2010.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21109477&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
http://www.webcitation.org/

                                            75fLlKdZK
http://europepmc.org/abstract/MED/22948956
http://dx.doi.org/10.1007/s11682-012-9201-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22948956&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Levenset a

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

Weller RE, Cook EW, Avsar KB, Cox JE. Obese women show greater delay discounting than healthy-weight women.
Appetite 2008 Nov;51(3):563-569. [doi: 10.1016/].appet.2008.04.010] [Medline: 18513828]

Barlow P, Reeves A, McKee M, Galea G, Stuckler D. Unhealthy diets, obesity and time discounting: a systematic literature
review and network analysis. Obes Rev 2016 Sep;17(9):810-819 [FREE Full text] [doi: 10.1111/0br.12431] [Medline:
27256685]

McClure SM, Laibson DI, Loewenstein G, Cohen JD. Separate neural systems value immediate and delayed monetary
rewards. Science 2004 Oct 15;306(5695):503-507 [FREE Full text] [doi: 10.1126/science.1100907] [Medline: 15486304]
Stein JS, Sze Y'Y, Athamneh L, Koffarnus MN, Epstein LH, Bickel WK. Think fast: rapid assessment of the effects of
episodic future thinking on delay discounting in overweight/obese participants. JBehav Med 2017 Oct;40(5):832-838. [doi:
10.1007/s10865-017-9857-8] [Medline: 28508382]

Schacter DL, Benoit RG, Szpunar KK. Episodic future thinking: mechanisms and functions. Curr Opin Behav Sci 2017
Oct;17:41-50 [FREE Full text] [doi: 10.1016/j.cobeha.2017.06.002] [Medline: 29130061]

SzeYY, Stein JS, Bickel WK, Paluch RA, Epstein LH. Bleak present, bright future: online episodic future thinking, scarcity,
delay discounting, and food demand. Clin Psychol Sci 2017 Jul;5(4):683-697 [FREE Full text] [doi:
10.1177/2167702617696511] [Medline: 28966885]

O'Neill J, Daniel TO, Epstein LH. Episodic future thinking reduces eating in afood court. Eat Behav 2016 Jan;20:9-13.
[doi: 10.1016/j.eatbeh.2015.10.002] [Medline: 26562686]

Dassen FC, Jansen A, Nederkoorn C, Houben K. Focus on the future: episodic future thinking reduces discount rate and
snacking. Appetite 2016 Jan 1;96:327-332. [doi: 10.1016/j.appet.2015.09.032] [Medline: 26431684]

Daniel TO, Stanton CM, Epstein LH. The future is now: reducing impulsivity and energy intake using episodic future
thinking. Psychol Sci 2013 Nov 1;24(11):2339-2342 [FREE Full text] [doi: 10.1177/0956797613488780] [Medline:
24022653]

Ford PA, Jaceldo-Siegl K, Lee JW, Youngberg W, Tonstad S. Intake of Mediterranean foods associated with positive affect
and low negative affect. J Psychosom Res 2013 Feb; 74(2):142-148 [ FREE Full text] [doi: 10.1016/j.jpsychores.2012.11.002]
[Medline: 23332529]

Warner RM, Frye K, Morrell JS, Carey G. Fruit and vegetable intake predicts positive affect. J Happiness Stud 2016 May
12;18(3):809-826. [doi: 10.1007/s10902-016-9749-6]

White BA, Horwath CC, Conner TS. Many apples a day keep the blues awvay--daily experiences of negative and positive
affect and food consumption in young adults. Br J Health Psychol 2013 Nov;18(4):782-798. [doi: 10.1111/bjhp.12021]
[Medline: 23347122]

Clore GL, Shiller AJ. New light on the affect-cognition connection. In: Barret LF, Lewis M, Haviland-Jones JM, editors.
Handbook of Emotions. New York: Guilford Press; 2016:532-546.

Walsh EM, Kiviniemi MT. Changing how | feel about the food: experimentally manipulated affective associations with
fruits change fruit choice behaviors. J Behav Med 2014 Apr;37(2):322-331 [FREE Full text] [doi:
10.1007/s10865-012-9490-5] [Medline: 23299831]

Lempert KM, Speer ME, Delgado MR, PhelpsEA. Positive autobiographical memory retrieval reducestemporal discounting.
Soc Cogn Affect Neurosci 2017 Oct 1;12(10):1584-1593 [ FREE Full text] [doi: 10.1093/scan/nsx086] [Medline: 28655195]
Jallo N, Ruiz RJ, Elswick Jr RK, French E. Guided imagery for stress and symptom management in pregnant african
american women. Evid Based Complement Alternat Med 2014;2014:840923 [FREE Full text] [doi: 10.1155/2014/840923]
[Medline: 24719646]

Weigensberg MJ, Lane CJ, AvilaQ, Konersman K, VenturaE, Adam T, et a. Imagine HEALTH: results from arandomized
pilot lifestyle intervention for obese Latino adolescents using I nteractive Guided ImagerySM. BMC Complement Altern
Med 2014 Jan 17;14:28 [FREE Full text] [doi: 10.1186/1472-6882-14-28] [Medline: 24433565]

United States Census Bureau. 2017. Charlotte city, North Carolina URL : https://www.census.gov/quickfacts/fact/table/
charlottecitynorthcarolina/PST 04521 7#viewtop[ WebCite Cache ID 72L 1wz527l]

Gollner LM, Balhausen N, Kliegel M, Forstmeier S. Delay of gratification, delay discounting and their associations with
age, episodic future thinking, and future time perspective. Front Psychol 2017 Jan 25;8:2304 [FREE Full text] [doi:
10.3389/fpsyq.2017.02304] [Medline: 29422875]

Halfmann K, Hedgcock W, Denburg NL. Age-related differencesin discounting future gains and losses. JNeurosci Psychol
Econ 2013 Mar;6(1):42-54 [EREE Full text] [Medline: 24976878]

Lindbergh CA, Puente AN, Gray JC, Mackillop J, Miller LS. Delay and probability discounting as candidate markers for
dementia: aninitial investigation. Arch Clin Neuropsychol 2014 Nov;29(7):651-662 [FREE Full text] [doi:
10.1093/arclin/acu043] [Medline: 25236720]

ThomaMV, Maercker A, Forstmeier S. Evidence for different trajectories of delay discounting in older adults with mild
cognitive impairment and mild Alzheimer's disease. J Gerontol B Psychol Sci Soc Sci 2017 Oct 1;72(6):956-965. [doi:
10.1093/geronb/gbw010] [Medline: 26896423]

Cooperman NA, Kassianos AP, Mdege ND, Martin LE, Trucco EM, Baldwin AS, et a. Developing a guided imagery
intervention to influence food choice-related episodic future thinking and positive affect. 2018 Presented at: 7th Annual
Catalyst Symposium; March 23, 2018; NC Research Campus, Kannapolis, NC.

https://www.researchprotocols.org/2019/3/e12265/ JMIR Res Protoc 2019 | vol. 8 | iss. 3| €12265 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.appet.2008.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18513828&dopt=Abstract
http://europepmc.org/abstract/MED/27256685
http://dx.doi.org/10.1111/obr.12431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27256685&dopt=Abstract
http://www.sciencemag.org/cgi/pmidlookup?view=long&pmid=15486304
http://dx.doi.org/10.1126/science.1100907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15486304&dopt=Abstract
http://dx.doi.org/10.1007/s10865-017-9857-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28508382&dopt=Abstract
http://europepmc.org/abstract/MED/29130061
http://dx.doi.org/10.1016/j.cobeha.2017.06.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29130061&dopt=Abstract
http://europepmc.org/abstract/MED/28966885
http://dx.doi.org/10.1177/2167702617696511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28966885&dopt=Abstract
http://dx.doi.org/10.1016/j.eatbeh.2015.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26562686&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2015.09.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26431684&dopt=Abstract
http://europepmc.org/abstract/MED/24022653
http://dx.doi.org/10.1177/0956797613488780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24022653&dopt=Abstract
http://europepmc.org/abstract/MED/23332529
http://dx.doi.org/10.1016/j.jpsychores.2012.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23332529&dopt=Abstract
http://dx.doi.org/10.1007/s10902-016-9749-6
http://dx.doi.org/10.1111/bjhp.12021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23347122&dopt=Abstract
http://europepmc.org/abstract/MED/23299831
http://dx.doi.org/10.1007/s10865-012-9490-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23299831&dopt=Abstract
http://europepmc.org/abstract/MED/28655195
http://dx.doi.org/10.1093/scan/nsx086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28655195&dopt=Abstract
https://dx.doi.org/10.1155/2014/840923
http://dx.doi.org/10.1155/2014/840923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24719646&dopt=Abstract
https://bmccomplementalternmed.biomedcentral.com/articles/10.1186/1472-6882-14-28
http://dx.doi.org/10.1186/1472-6882-14-28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24433565&dopt=Abstract
https://www.census.gov/quickfacts/fact/table/charlottecitynorthcarolina/PST045217#viewtop
https://www.census.gov/quickfacts/fact/table/charlottecitynorthcarolina/PST045217#viewtop
http://www.webcitation.org/

                                            72L1wz5zl
https://dx.doi.org/10.3389/fpsyg.2017.02304
http://dx.doi.org/10.3389/fpsyg.2017.02304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29422875&dopt=Abstract
http://europepmc.org/abstract/MED/24976878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24976878&dopt=Abstract
http://europepmc.org/abstract/MED/25236720
http://dx.doi.org/10.1093/arclin/acu043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25236720&dopt=Abstract
http://dx.doi.org/10.1093/geronb/gbw010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26896423&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Levenset a

40.

41.

42.

43.

Epstein LH, Dearing KK, RobaL G. A questionnaire approach to measuring the rel ative reinforcing efficacy of snack foods.
Eat Behav 2010 Apr;11(2):67-73 [FREE Full text] [doi: 10.1016/].eatbeh.2009.09.006] [Medline: 20188288]
Paffenbarger Jr RS, Blair SN, Lee IM, Hyde RT. Measurement of physical activity to assess health effectsin free-living
populations. Med Sci Sports Exerc 1993 Jan;25(1):60-70. [Medline: 8423758]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. JHealth Soc Behav 1983 Dec;24(4):385-396.
[Medline: 6668417]

Watson D, Clark LA, Tellegen A. Devel opment and validation of brief measures of positive and negative affect: the PANAS
scales. J Pers Soc Psychol 1988 Jun;54(6):1063-1070. [Medline: 3397865]

Radloff LS. The CES-D scale: aself-report depression scale for research in the general population. Appl Psychol Meas
1977 Jun 1;1(3):385-401. [doi: 10.1177/014662167700100306]

Abbreviations

ANOVA: analysis of variance

BMI: body massindex

CESD: Center for Epidemiology Studies of Depression
EFT: episodic future thinking

ERT: episodic recent thinking

PANAS: Positive and Negative Affect Scale

PosA: positive affect

PSS: Perceived Stress Scale

TD: temporal discounting

Edited by N Kuter, G Eysenbach; submitted 23.09.18; peer-reviewed by C Mueller, T Conner; comments to author 28.10.18; revised
version received 16.11.18; accepted 10.12.18; published 20.03.19

Please cite as:

Levens SV, Sagui-Henson SJ, Padro M, Martin LE, Trucco EM, Cooperman NA, Baldwin AS, Kassianos AP, Mdege ND

The Effects of Positive Affect and Episodic Future Thinking on Temporal Discounting and Healthy Food Demand and Choice Among
Overweight and Obese Individuals: Protocol for a Pilot 2x2 Factorial Randomized Controlled Study

JMIR Res Protoc 2019;8(3):€12265

URL.: https://www.researchprotocols.org/2019/3/e12265/

doi: 10.2196/12265

PMID: 30892273

©SaraM Levens, Sara J Sagui-Henson, Meagan Padro, Laura E Martin, ElisaM Trucco, Nina A Cooperman, Austin S Baldwin,
Angelos P Kassianos, Noreen D Mdege. Originally published in IMIR Research Protocols (http://www.researchprotocol s.org),
20.03.2019. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Research Protocols, is properly cited. The complete bibliographicinformation,
alink to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

https://www.researchprotocols.org/2019/3/e12265/ JMIR Res Protoc 2019 | vol. 8 | iss. 3| €12265 | p. 13

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/20188288
http://dx.doi.org/10.1016/j.eatbeh.2009.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20188288&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8423758&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6668417&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3397865&dopt=Abstract
http://dx.doi.org/10.1177/014662167700100306
https://www.researchprotocols.org/2019/3/e12265/
http://dx.doi.org/10.2196/12265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30892273&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

