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Abstract

Obesity and its health sequelae affect a significant portion of children in the United States. Yet,
the current gold-standard family-based behavioral weight-loss treatments are only effective for
one-third of children long-term. Therefore, we developed iROC (Intervention for Regulation of
Cues) to specifically target a method to decrease overeating in overweight children, based on
learning theory, to inform and enhance interventions targeting diet and obesity in youth. This
study will rigorously test extinction processes as a method of decreasing physiological and
psychological responses to food cues in overweight and obese children. Through exposing
children to their highly craved foods, and ‘training the brain and body’ to decrease overeating, we
are hoping to produce longer-lasting weight loss or weight-gain prevention over time.
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1. Introduction

Childhood obesity is prevalent! and eating past nutritional needs is the proximal cause of
rising obesity rates over the past three decades.? Food intake in humans is a complex process
that originates and is maintained by basic learning and conditioning processes.3-> Obese
individuals, compared to lean, have been shown to differentially respond to external food
cues, with increases in both subjective ratings (increased desire to eat) and physiological
responses (increased cephalic phase responses-biological preparations to eat).6” Evidence
from neuroimaging shows that obese adults and adolescents, compared to lean, exhibit a
greater increase in fronto-striatal circuitry activation during anticipation of high-caloric
foods.89 Additionally, obese children compared to lean children have higher activation in
neural circuitry involved in reward, motivation, and cognitive control when shown pictures
of food1011 and activation in areas associated with learning, memory, and reward when
given a taste of food.12 This project focuses on Pavlovian conditioning because it is the most
basic principle of learning and there are extinction processes that can be used to weaken the
relationships that lead to overeating. To date, it is unknown whether physiological reflexes
to food cues and subjective experiences of food craving can be altered via extinction
learning.

Basic science research in extinction has highlighted challenges in the long-term retention of
extinction learning. It is now understood that extinction involves new learning and the
original learning remains available under the right circumstances.1314 The context (cues in
the environment) in which extinction takes place also influences subsequent long-term
retention of extinction learning.1315 There are two general strategies that can be employed to
optimize extinction.1® The first is to strengthen the extinction learning. The second is to
bridge two or more contexts to promote extinction in the new context. Research suggests
that extinction can be optimized/strengthened by manipulating trial spacing and frequency of
extinction trials16-19 by the inclusion of a partial reinforcement schedule, which slows the
rate of reacquisition of old learning.132921 Furthermore, extinction may be bridged across
two or more contexts by increasing the number of contexts in which extinction occurs'6 and
the use of extinction cues.2223

Cue Exposure Treatments (CET-Food) utilize extinction processes by providing repeated
non-reinforced exposures to food associated with overeating to extinguish the individual’s
conditioned response (i.e. cravings or physiological responses) in addition to training the
individual to habituate to (tolerate) the cravings associated with the cue. We have tested
CET-Food in two published projects to date.242% In our studies, CET-Food was delivered
once a week utilizing exposures to a different single food each week based on the
individual’s hierarchy of highly craved foods. However, the evaluation of the above
variables from basic extinction learning may enhance the effects of CET-Food. At this point,
the optimal frequency, format, partial reinforcement schedule, and context of the CET-Food
intervention has not been identified.

Understanding the processes of extinction as it relates to food cues has the potential to
significantly enhance and target interventions for overeating. This study, entitled
Intervention for Regulation of Cues (iROC), will advance scientific knowledge by
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employing principles of extinction in CET-Food to impact cephalic phase responses (CPRS)
and self-reported cravings, to ultimately decrease overeating.

2. Objectives for iROC study

The iROC study is funded by a grant from NIDDK (R01). This study builds upon our pilot
studies that were funded by a University of Minnesota Faculty Development Grant and
which demonstrated the feasibility and acceptability of CET-Food for overweight and obese
children and their families.242> The primary aim of the current project is to evaluate the
most salient factors from basic learning literature that could potentially improve CET-Food
for children. There are numerous studies within this project, and each will build on the
previous study. We will present our plan of research here, however, we recognize that it may
change during the course of the study. During the first two studies in iROC, we will test four
concepts related to extinction focusing on strengthening extinction learning and bridging
extinction to multiple contexts. Finally, we will combine the most effective factors in a
proof of concept study. At the conclusion of this project, we will have a well-defined
protocol and a procedures manual for CET-Food, estimates of variability and levels of
response in overweight children, and preliminary information about the efficacy of this
intervention in overweight children in preparation for future studies. The secondary aim of
the current project is to explore changes in aspects of food cue reactivity (subjective and
physiological responses to the food cues) that could be associated with the effectiveness of
CET-Food in the reduction of overeating.

3. Study Design

3.1 Overview

The extinction concepts that will be tested in the iROC study will be evaluated in two 2 x 2
studies, and then we will test the most effective methods in a proof of concept study. During
Study 1 and Study 2, we will test 4 concepts related to Pavlovian extinction literature that
are salient to human food intake: 1) number of extinction trials, 2) single vs. multiple foods
in exposures, 3) extinction training in multiple contexts and 4) the use of an enhanced partial
reinforcement schedule. (See Figure 1) All of the trials will incorporate extinction cues2223
(bracelets) to remind the children of their new learning and thus help to bridge extinction
between contexts. Following an exposure learning session, the children will verbalize what
they have learned as a result of the session to enhance inhibitory processes.28 Study 3 will
be a proof of concept study, which develops the intervention based on the results of Studies
1 and 2 and evaluates initial efficacy and acceptability.

3.2 Participants

Participants in all studies will be overweight and obese 8-13 year old children, and their
parent. We chose the 8-13 year-old age period for theoretical, biological and developmental
reasons. From a learning theory perspective, children have shorter and less ingrained
learning histories than adults and interventions targeting extinction have a potentially greater
influence with children. There is considerable evidence suggesting that the preteen age range
is a risk period for weight gain.27-2930 Additionally, working with children just prior to their
adolescent years has added benefit as the children have developed some abstract thinking
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but have not yet entered in the process of differentiating and separating themselves from
their families and therefore may be more likely to participate in the process with their
parent.

3.3. Inclusion/Exclusion criteria

The inclusion criteria for all the studies in this project include: 1) An overweight or obese
child (BMI = 85t percentile for age and gender) in the family who is between the ages of 8
and 13 years; 2) Child who can read at a minimum of a 2" grade level in English; 3) Parent
who can read at a minimum of a 51 grade level in English; 4) Parent and child willing to
commit to attendance and assessments; 5) Child overeating (as demonstrated in laboratory
paradigm (see measures section) and parent report).

The exclusion criteria for all the studies in this project include: 1) Major child or parent
psychiatric disorder, including eating disorder (as diagnosed by interview); 2) An obese
child with a BMI > 99.9t" percentile; 3) Child or parent diagnosis of serious medical
condition which could significantly decrease their ability to participate in the intervention,
requires supervision or limitations of their diet; 4) Child taking a medication that can affect
mental status, eating or weight; 5) Family with restrictions on types of food that can be
eaten, such as food allergies, or religious or ethnic practices that limit the foods available in
the home.

3.4 Recruitment and retention

Families in the San Diego Metropolitan area with an overweight child will be recruited
through online advertisements, flyers, pediatricians and other health care providers, and
direct mailings or emails to families. All families who call and are interested will be
contacted by the research staff to describe the study and screened over the phone for
eligibility. If participants meet initial criteria, they will be scheduled to attend a study
orientation that describes the purpose of the study. If families are still interested after the
orientation, they will be scheduled to complete initial baseline assessments.

After families have enrolled in the study, their attendance will be tracked weekly and efforts
will be made by staff and interventionists to reasonably accommodate families’ schedules
and barriers to participation that may arise, such as illness and scheduling conflicts with
after-school activities. Participants will be informed that they can not miss more than 2 out
of 16 sessions in the 16-session condition or 1 out of 8 sessions in the 8-session condition.
Staff and interventionists will emphasize building rapport with the families to increase
treatment adherence. In addition, families will receive incentives for attending treatment
sessions and assessment visits. Families will be compensated with a $10 gift card for each
treatment session they attend. Families will also receive a $10 gift card for completing both
the second and third baseline assessment visits, and a $50 gift card for completing both the
post-treatment and 3-months post-treatment assessment visits. Additionally, as part of this
study, we will offer all families who complete the iROC study a free 8-week traditional
family-based pediatric obesity group following the experimental treatment as an added
incentive.
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3.5 Assessment and outcome measures

Measurements along with the time points that they will be administered are listed in Table 1.
At the beginning of the assessments, children will create and rank order an individualized
list of highly craved foods with the assessment staff. Children will then be asked to rank
order two pre-set lists of foods — eight foods used in the Eating in the Absence of Hunger
paradigm (described below), as well as a list of eight standardized foods chosen by the
experimenters (includes cinnamon rolls, Kraft® Macaroni and Cheese, brownies, Pringles®,
vanilla cupcake, cheese pizza, McDonald’s® French fries, and glazed donut). The selection
and rank ordering of these foods will be used to determine which foods will be presented to
the child during the exposure visits.

Screening for inclusion/exclusion criteria—The child inclusion/exclusion criteria
will be assessed at the first assessment visit, and is determined by self-report by the parent,
anthropometry, EAH paradigm (see description below) and interview (Mini International
Neuropsychiatric Interview for Children and Adolescents3! and Eating Disorders
Examination, Child Version).32 Additionally, we will evaluate parent reading level (Wide-
Range Achievement Test — Fourth Edition, Word Reading Subtest)33 and parent
psychopathology (Mini International Neuropsychiatric Interview)3! at baseline only as
exclusion criteria. Anthropometry and EAH will also be measured at each time point as
outcome variables.

Primary measures—Primary outcome measures in this study are eating in the absence of
hunger and BMI change. Data obtained from these measures will help determine the most
optimal format for CET-Food.

Eating in the Absence of Hunger (Child only): Eating in the absence of hunger (EAH) is a
lab-based measurement of how much children eat when physiologically satiated. The
assessment measure of EAH has been described by Birch and colleagues®#3® and has been
used in our pilot studies.?42°> To measure EAH, each child will be provided with a standard
ad libitum pizza dinner plus apples or carrots and fruit punch during the baseline assessment.
Children are instructed to eat as much of the dinner as they like. After the meal, children will
then complete a self-report post-meal satiety-rating questionnaire using a cartoon
representation of three levels of fullness.38 If children do not mark half full or full, they will
be encouraged to eat until they are full.

Ten minutes following the completion of the pizza dinner, children will be provided with
eight bowls of pre-weighed snack foods (gummy bears, chocolate chip cookies, Oreo®
cookies, M & M’s®, Skittles®, Doritos®, popcorn, and Cheetos®) and toys. Children will
taste and rate their liking of each of the foods with the research assistant. After the liking
ratings, the children will be told that the research assistant has to set up for the next activity,
and that they are welcome to eat the food or play with games. After 10 minutes of free
access to the snack foods and toys, the remaining food items are weighed, and total calories
consumed by each child is calculated by food and in total and translated to percent of calorie
needs consumed using age and gender-specific formulas for calculating energy
requirements.3’
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Anthropometry: Child and parent height will be measured in triplicate. Height will be
recorded on a Tanita HR-200 stadiometer to the nearest 0.1 cm, and the average of the three
values will be used for analysis. Body weight will be measured twice using a Tanita
BWB-800 series scale. Weight will be recorded in kilograms to the nearest 0.1 kg and the
average of the 2 values will be used for analysis. Height and weight will be converted to
body mass index (BMI=[kg/m?]). Since children are growing, BMI will be translated to

BMI for age percentile score using the CDC growth charts38 and to standardized BMI (BMI-
7 )'39

Secondary measures—The following measures explore the impact of CET-Food on
cognitive and physiological measures of food cue reactivity, including attentional bias to
food cues, memory for food cues, motor impulsivity to food cues, food reward, food cue
interference and physiological responses to food cues.

Attentional bias to food cues: Attentional bias will be measured by a task developed by our
group.?%41 The purpose of this task is to examine attentional biases for food cues as
compared to non-food cues. Participants will be presented with 48 trials comprised from six
food/neutral word pairs matched for length and readability. The assessment consisted of
equal number of trials for probe type (“E” or “F”), location of probe (top or bottom), and
location of food word (top or bottom). Different word sets will be used for assessments
before and after CET-Food. Response latencies will be recorded from the onset of the probe
(“E” or “F”) to the button press. A food bias score will be computed by subtracting the
response latency for probes following food words from the response latency for probes that
followed neutral words. Larger positive bias scores will indicate an attentional bias toward
food related words, while larger negative bias scores will indicate an attentional bias away
from food related words.

Memory for food: Children’s memory for food words will be measured using the VLTF-C
(Verbal Learning Test for Children — Food version), an adaptation of the CVLT-C
(California Verbal Learning Test — Children’s version).#2 The purpose of this modified test
is to examine whether there are attention, learning, and memory differences in calorically-
dense food words versus low-calorie foods and non-food words. The examiner will read a
list of 15 words containing 3 categories of words (fruits, toys, and calorically-dense foods)
to the child. After the list is read, the child will be asked to recall as many of the words on
the list as they can. The child will be given five trials of hearing and recalling this list. After
this initial free recall, a different list of interference (distraction words) will be read to the
child, followed by short-delay free recall and cued recall trials. Free recall, cued recall (child
given prompts to recall semantic categories of words), and a word recognition trial will also
be administered after a 20-minute delay. Children who are more food cue sensitive, will
store food cues in their memory longer, and are expected to exhibit a greater recall of food
relative to non-food words.

Food motor impulsivity: Food-specific motor impulsivity will be measured using an
adapted version of the Food Stop Task.#3 The original stop task#44° assesses global and
motor impulsivity, above and beyond the contribution of reaction time. Participants will

Contemp Clin Trials. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Boutelle et al.

Page 7

complete both the go task and the stop task. Participants will be presented with pictures of
eight highly palatable foods and eight attractive toy pictures (neutral condition). In the go
task trials (75% of the trials), participants will first discriminate between food and a toy on a
computer screen, and will be instructed to press the correct corresponding letter on the
keyboard as quickly as they can. However, in the stop task trials (25% of the trials), a thick
border around the food or toy will be presented, which signals to the participant to inhibit
their go response and not push a letter on the keyboard. The speed at which the stimuli are
presented will be adjusted dynamically depending on the participants’ response time.
Children who are more impulsive around foods are expected to have more errors when
responding to food cues when they should be inhibiting responses, as compared to non-food
cues.

Food reinforcement: The food reinforcement task is a behavioral choice computer task to
measure the reinforcing/rewarding value of food.46 The food reinforcement task is an
operant task with a fixed ratio schedule of reinforcement. The children will be told that they
will be playing a computer game to earn points toward a reward (their first most highly
craved food from the initial food selection). Children will be rewarded with 50 calories of
their most highly craved food after 50 mouse clicks in response to the prompts in the game
until they state that they are finished. Children who value food more are expected to
continue working towards food for a longer time period (for more total calories).

Food attentional control and interference: Food-specific attentional control and
interference will be measured using a computerized Stroop task using food cues similar to
that used by Braet and colleagues.*”8 Words will be shown, one at a time, on a computer
screen in either blue, red, green, or yellow colored text. The child will be asked to respond to
the stimulus by pressing the corresponding color key on the keyboard, as quickly and
accurately as they can. Children will be first asked to complete a practice trial consisting of
20 non-food (neutral) words as the stimuli. After the practice trial, the child will be
presented with 20 highly palatable food words, followed by 20 neutral words. This trial will
be repeated once. Longer latencies to respond will represent increased attentional
interference of food cues compared to non-food cues.

Psychophysiological Reactivity to food cues: Responsivity to food cues is developed
through Pavlovian and operant conditioning processes and can be demonstrated by changes
in physiology in response to food cues that are normally invoked in response to the food
itself (e.g. cephalic phase responses, CPRs). All of the psychophysiological measures in
iROC were chosen as measures of cephalic phase responses (biological preparatory
responses to food) and have shown sensitivity to conditioning paradigms with food.49%0
Electrophysiological recordings will all be sampled at 250 Hz and recordings of 6-minute
blocks will be made. Psychophysiological measures, including heart rate variability (ECG),
skin conductance (GSR), and swallowing (EMG) will be taken during a food exposure
session using a BIOPAC MP150 model (BIOPAC Systems, Inc.).

Each session will involve six minutes of baseline data collection, followed by seven minutes
of exposure (six minutes for the food, one minute for the toy), six minutes of recovery
immediately following the exposure, and then six additional minutes of data collection post
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recovery. After a thirty-minute delay, a long-delay post recovery data collection period will
commence for a final six-minute interval. The child’s second most highly craved food (see
food selection) will be presented in front of the child during the food exposure period. The
examiner will ask the child to look at the food for 30 seconds and rate their craving level to
the food on a scale of 1-5. Then the child will be asked to smell the food for 30 seconds and
rate their craving to the food. The child will be prompted to either look at or smell the food
and rate their craving levels every thirty seconds during the five minutes of food exposure.
The child will also be presented with a standardized toy (used as the control object) during
the session for one minute either before or after the food exposure. The order of the
presentation of food and toy will be counterbalanced among participants.

Heart rate and heart rate variability will be measured using two Ag+AgCl electrodes, one
attached on the left side of the subject, the other attached under the right collarbone.>! R-
waves will be detected off-line with a template matching procedure, and inter-beat intervals
will be calculated. Skin conductance will be measured with two Ag+AgCl electrodes, placed
on the thenar and hypothenar eminences of the palm of the non-dominant hand. Salivation
will be measured using swallows recorded by electromyography. The EMG signal will be
recorded with three Ag+AgCl electrodes, two electrodes will be attached under the left jaw,
in the length of the anterior part of the musculus digastricus and a reference electrode will be
placed on the left mastoid process. The definition of a swallowing response will be
determined as a response of the integrated signal above a five mV threshold.>2

Self-report questionnaires (Parent and child): A battery of psychometrically reliable and
valid measures of eating, craving levels, psychological issues, physical activity, and social
desirability will also be administered to parents and children as part of the assessment for the
study. Parents will complete demographics, motivation, and medical history questionnaires.
Please see Table 1 for a detailed list of the self-report measures and their references.

Treatment acceptability: At the post-treatment assessment, parents will be asked to
complete a treatment acceptability and preference questionnaire designed by the study team
to better understand the families’ perceptions of the various treatment aspects, including
time commitment, treatment feasibility, and estimation of benefits and progress.

3.6. Details on Specific Studies in iROC

3.61 Overall design issues related to Studies 1 and 2—The aim of Study 1 and
Study 2 is to evaluate four factors from learning theory that can inform the content, structure
and frequency of CET-Food for overweight and obese children. There are a number of
similarities in Studies 1 and 2; Similar components are described first and then specifics
regarding each study follow.

Study design: Both Study 1 and Study 2 utilize 2 between-subjects factors, each with two
levels (2 x 2 design), and a repeated measures factor with three timepoints (pre-treatment,
post-treatment, and 3-month follow-up).

Assessments: Assessments will be completed pre-exposure treatment, post-exposure
treatment and 3-month follow-up.
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Outcomes: The primary outcomes include EAH and BMI change. Secondary outcomes
include cognitive and psychophysiological variables related to food cue reactivity, as well as
questionnaires on eating behaviors and cravings. All outcomes are described in the
measurement section.

3.62 Specific design of Study 1

Design: The purpose of this study is to evaluate the impact of the number of foods and the
number of CET-Food exposure trials. This study utilizes two between-subjects factors
((number of foods (single vs. multiple) and number of extinction trials (8 vs. 16)), each with
two levels, and a repeated measures factor with three levels (pre, post, follow-up; see Figure
1). In the single food sessions, the child and parent will be exposed to the same set of four
foods in weekly sessions. Two of the four foods will come from the child-generated list of
highly craved foods. These foods will be generated during a food selection process in which
the child identifies his/her most highly craved foods, with the examiner and child’s parent’s
assistance if needed, and rank orders them from most highly craved to least craved. The
other two foods will be the child’s most highly rated craved foods from the list of
standardized foods and EAH foods. In other words, the four foods in the single food
condition will consist of two child-generated foods, one standardized food, and one EAH
food. In the multiple food exposure sessions, a different set of four foods will be presented
in each weekly session, including two foods that the participant chooses, one standardized
food, and one EAH food. In the multiple food eight-week condition, participants will be
exposed to 32 of their top craved foods (16 they selected, 8 from the standardized food list
and 8 from the EAH food list). In the multiple food sixteen-week condition, participants will
be exposed to the same make-up of 32 foods, but will repeat the foods halfway through
treatment (in a different order and combination), thus being exposed to each food twice over
the sixteen weeks.

Participants and randomization: Forty-eight overweight and obese children and their
parent will be randomized to one of four possible treatment arms: 8 sessions/single food, 8
sessions/multiple food, 16 sessions/single food, 16 sessions/multiple foods.

3.63 Specific design of Study 2

Design: The purpose of this study is to evaluate the provision of CET-Food in different
contexts and the use of an enhanced partial reinforcement schedule. This study utilizes two
between-subjects factors, context (single context vs. multiple context) and partial
reinforcement schedule (standard vs. enhanced), each with two levels, and a repeated
measures factor with three levels (pre, post, follow-up; see Figure 1). The context condition
will consist of two levels — single context, in which participants will be randomized to
complete treatment in only one of three settings (laboratory, home, or food court), or
multiple contexts, in which participants attend treatment sessions in all three of the contexts.
In the standard partial reinforcement group, participants take a “small taste” of the food
during each CET-Food visit. In the enhanced partial reinforcement group, during 25% of the
sessions, the child will eat % of the food, and in the other 75% of the sessions, the child will
have a “small taste” as in the standard group.
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Participants and randomization: Forty-eight overweight and obese children and their
parents will be randomized to one of four possible treatment arms: Single context/standard
partial reinforcement, multiple context/standard partial reinforcement, single context/
enhanced partial reinforcement, and multiple context/enhanced partial reinforcement.

3.64 Specific design of Study 3

Design: The purpose of this study is to manualize and test CET-Food based on the findings
from Studies 1 and 2 and to evaluate the efficacy and acceptability of CET-Food with
overweight and obese children and their parents, using a quasi-experimental one-group
treatment design, as a proof of concept study. Studies 1 and 2 will be used to inform
treatment design, such as number of extinction trials, number of foods presented, context
(location) of treatment, and the use of an enhanced partial reinforcement. For instance, if the
findings from Study 1 and Study 2 indicate that 8 weekly sessions using multiple foods in a
single context without enhanced partial reinforcement produces the best outcomes for
participants, then Study 3 will be conceptualized utilizing those conditions. We will collect
data pre-treatment, post-treatment and three months post-treatment.

Participants: Twenty 8-13 year old overweight and obese children and their parents.

Outcomes: In addition to pertinent assessments determined in Study 1 and 2, we will also
collect acceptability, liking (from both parents and children) and adherence and retention
data.

4. Intervention

4.1 Interventionists

All interventionists will be clinical psychologists, advanced graduate students or
postdoctoral fellows in clinical psychology. All interventionists will follow a treatment
manual and protocol and participate in trainings with the study director. All interventionists
will conduct mock treatment cases that will be videotaped and scored for adherence to the
protocol by the study director before treating study cases. Treatment sessions will be
videotaped to allow the investigator to assess each interventionist’s performance and
protocol adherence. Investigators will rate 10% of the recorded sessions for treatment
fidelity. Interventionists will attend weekly supervision sessions with the investigator and
study director to review each parent and child’s progress and make necessary adjustments to
the protocol.

4.2 CET-Food intervention

All families will attend a one-hour initial psychoeducation session describing the
background, purpose, and expectations of the treatment before beginning the exposure
sessions. All parents/adults who may attend treatments with the child will be required to
attend the psychoeducation session. The psychoeducation session includes information
about how the obesogenic environment, food cue sensitivity, and learning mechanisms
conditioning contribute to overeating and being overweight. The interventionist describes
learning theory, the rationale for cue exposure treatment as a potential treatment for
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managing cravings to food in the presence of food, and the importance of learning
behavioral skills to reduce overeating. Parent and child are also provided specific details
about the treatment process and upcoming exposure sessions. Between the psychoeducation
session and the first exposure session, parent and child will be asked to complete hunger and
craving logs, with the purpose of introducing appetite awareness, learning the differences
between hunger and cravings, and triggers and patterns for cravings, and the types of foods
they crave.

In each treatment visit, parent and child will meet with the interventionist together, will
discuss psychoeducational material, review homework and craving logs, participate in a
CET-Food session, and participate in post-processing to consolidate learnings from the
exposure experience. Each session will include a review of skills that will enhance treatment
(e.g. self-monitoring of cravings, parenting skills). Parents will participate alongside their
child, even if they are not struggling with overeating and will be asked to model appropriate
responding to food cues and cravings. The child (with parent’s assistance as needed) will be
asked to track their cravings in between exposure sessions. All treatment sessions will be
approximately one hour in duration.

Each treatment visit will begin by a review of the craving self-monitoring journals. Families
are also asked whether they have had any of the previous exposure session’s food since their
last session. This is done to track whether there were opportunities for re-pairing of previous
foods used in exposures with consumption.

The treatment sessions will use the metaphor of a craving volcano as a way of discussing
and assessing cravings. Parent and child will track their cravings on a 1-5 scale. During the
CET-Food sessions, the interventionist will place the exposure food on plates in front of the
parent and child. Children and parents will be told to hold, smell, or taste the food and notice
and track their self-reported cravings on a craving sheet every thirty seconds. After three
minutes, the interventionist will prompt the parent and child to again hold, smell, or taste the
food, with thirty seconds elapsing between each prompt. In addition to these action prompts,
children and parents are also directed to notice and/or describe their physiological
responding to the food (e.g., salivation), sensory perceptions of the food, and cognitions
about the food. After five minutes, children and parents will be asked to throw away the
food. The next food is brought into the room and the above procedures are followed until
exposures to all four foods are complete.

Treatment sessions also include psychoeducation on various topics and skills related to
CET-Food. Each child and parent will be given handouts each week that focus on each of
the topics in Table 2. Psychoeducational content and materials will be titrated to the number
of sessions. Parenting skills (modeling, teamwork, praise, stimulus control, daily check-ins
about progress) are provided to reinforce the learning of skills learned in treatment sessions
and increase generalizability of skills outside of treatment sessions. Participants will not be
prescribed a diet as part of the iROC program; however, handouts denoting foods that are
likely to decrease hunger/increase satiety and reduce cravings will be provided. Moreover,
the parent will be encouraged to use stimulus control around the child’s highly craved foods,
and recommendations will be made to limit the access to these foods until they feel that the
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child can manage their cravings successfully. Additionally, a motivation system will be
implemented to increase session attendance. Children will receive points that can be
exchanged for toy incentives in the lab.

During the post-exposure verbal processing section, positive reinforcement will be used to
reinforce the child’s ability to resist the foods and recognize their craving levels throughout
the exposure. The interventionist will process challenges during the exposure with the child
and will discuss how the child overcame them. The child’s self-competency in managing
their cravings to food outside of the treatment sessions will also be discussed. If the child’s
cravings are still high at the end of the session, the interventionist will help the child
understand that cravings are normal and that an important skill the child is demonstrating is
that he or she can experience a craving, but still not eat the food.

5.1 Data collection and management

All data will be collected at the UCSD Center for Healthy Eating and Activity Research
(CHEAR) by trained and certified assessment staff. Children and parents will directly enter
de-identified data using a participant number in a secure, web-based survey system. All
assessment staff will be supervised on a weekly basis. All data will be checked following
participant assessments. All non-web-based data will be scored and double entered, and
checked for missing data and outliers. Necessary firewall and password protections are
implemented, and nightly backups will be conducted by the IT division in the Pediatrics
Department at UCSD. The Data Manager, under the supervision of the Pl and the
statistician, will be responsible for developing and maintaining the database.

5.2 Statistical analyses

Analyses will be based on generalized linear mixed models®#-56 implemented in SAS®
version 9.2.%7 Continuous outcomes will be modeled with a normal distribution and identity
link function and count outcomes with a Poisson distribution and a log link function. For the
experimental studies (Studies 1 and 2), fixed effects will include coefficients for time, factor
(i.e., between-subjects treatment), and time by factor interactions. For each outcome,
selection of a covariance structure for the residuals will be based on fitting four structures
(compound symmetry, first order autoregressive, Toeplitz, and an unstructured covariance
matrix) and selecting the one with the lowest sample size adjusted Akaike’s Information
Criterion.®3 Standard errors for fixed effects will be based on empirical standard errors
estimated with the root sandwich estimator, which make the standard errors less sensitive to
misspecification of the covariance structure and has less bias than the classical sandwich
estimator when used with small samples.>* For count outcomes, an additional
overdispersion parameter will be incorporated into the model. Significance tests will focus
on the treatment by time interactions. Follow-up contrasts will be used to test comparisons
of interest. For contrasts a correction to the p-value will be applied based on a simulated
Holm’s procedure.5® All significance tests will use a nominal alpha of .05.

In order to assess the extent to which cue exposure training generalizes to other foods we
will compare calories eaten of the target food to the average of calories eaten of all other
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foods in a particular food category. Repeated measures t-tests will be used to evaluate these
hypotheses. To assess whether time to extinction decreases over exposure sessions, we will
use generalized linear mixed models, in which we will fit a non-normal error distributions
(e.g., gamma), given the likelihood of a positively skewed distribution. In these analyses
neither censored observations nor missing data are anticipated.

6. Discussion

The iROC study evaluates four factors from the extinction and learning literature to
strengthen CET-Food and to translate the learnings to multiple contexts, and then uses the
data from these studies to conduct a proof of concept study. To date, there are very few
studies on translating basic behavioral concepts, including extinction, to interventions for
overeating. The studies in iROC draw upon Bouton’s conceptualization of conditioning and
appetite®8 and expands these concepts by adding the translation to human studies using cue
exposure treatments. This study will provide data to support the design of a CET-Food
intervention to decrease overeating in overweight and obese children. Furthermore, this
study extends the basic science literature on conditioning and extinction, and will provide in
depth knowledge regarding how these concepts translate to humans, and how they can be
most effectively utilized.

Our approach is novel in that we assess overeating in the laboratory using a well-established
paradigm (eating in the absence of hunger)343% as well as a multi-modal assessment battery
testing multiple components of food cravings, from physiological assessments to subjective
perception. The knowledge gained by the psychophysiological markers could greatly
enhance our knowledge of physiological responding, and decreasing responding to food. It
will contribute to the knowledge base regarding extinction of food cue reactivity in humans.
The psychophysiological markers could be useful in laboratory studies, as outcomes in
larger clinical trials, as well as targets in future treatments. Furthermore, our assessment
battery includes measures f cognitive and physiological measures of food cue reactivity,
including attentional bias to food cues, memory for food cues, motor impulsivity to food
cues, food reward, food cue interference and physiological responses to food cues. Some of
these measures were created by the authors, and once validated, will add substantially to the
field in understanding the behavioral and brain processes in relation to food intake behaviors
and weight. Combined with self-report questionnaires and interviews, the addition of several
behavioral laboratory experimental paradigms will provide a more comprehensive picture of
a child’s relationship with food, and may provide insight into weight-loss treatment
modalities best suited for individuals with high levels of eating in the absence of hunger.

Current models of family-based treatment for childhood obesity>78 include “stimulus
control techniques,” or methods to avoid being exposed to tempting food cues. It is
impossible in today’s environment to attempt to avoid all potential cues for overeating,
especially for children who have less control over their own environments than adults.
Rather than elimination, teaching mastery of psychological and physiological food cue
responsivity may have profound implications for overweight children in managing the
omnipresent food cues in their environment. However, embarking down a substantially
different path is not without its challenges, and we may need to make refinements
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throughout this trial as we gain more experience with these methods. Additionally, although
we utilize a laboratory based measure of overeating, we recognize the biases inherent in
these methods and attempt to identify behavioral tasks and measures that can serve as
intermediary assessments in developing treatments that target cue reactivity.

There are potential important challenges that may arise during the iROC study. It is possible,
but not probable, that conducting CET-Food with one food each week for eight weeks will
have the largest effect on outcome measures, similar to our previous studies. We will
analyze data in between studies to understand the impact of CET-Food on outcome
measures, and will adjust the next studies accordingly. Additionally, it is possible, that our
measures may not show consistent results in each treatment arm. In this case, it will be
important to consider the basic research, and the conceptual reasons behind the outcome
measures, in order to determine which line of outcomes to follow. Finally, it is possible that
we will have challenges with recruiting overweight and obese children and their parents for
such a study. However, at the time of the writing of this manuscript, we have completed
Study 1 with very little attrition (7%).

By the end of this series of studies, we will have a method for providing CET-Food to obese
children and their parents, as well as proof of concept data on CET-Food, in preparation for
randomized clinical trials that may utilize CET-Food as an enhancement or potentially as a
stand-alone treatment. We will also have information on the translation of extinction
processes to food cue reactivity. These studies have the opportunity to introduce a new
paradigm for the treatment of childhood obesity, targeting reduction of food cue reactivity
and tolerance.

7. Conclusions

Very little research in obesity utilizes knowledge from basic behavioral sciences to develop
interventions in a methodical manner. The iROC study will use a hierarchical approach to
utilize information from conditioning and extinction literature to improve CET-Food.
Although in its infancy, these studies have the opportunity to introduce a new paradigm for
the treatment of childhood obesity. It is possible that this treatment could be delivered to a
specific behavioral phenotype of overweight children who are most responsive to this
treatment, or more broadly, tailoring interventions to subtypes of children that will respond
best to particular treatment modes. The psychophysiological data could also launch a series
of other studies evaluating different types of interventions (e.g. medications) to decrease
physiological responding to food.
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Figure 1.
Study design for Study 1 and Study 2.
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Table 1

Table of self-report measures in the iROC study

Domain Instrument Child or Parent
Demographics Age, gender, ethnicity, grade in school (for child) C,P
Barratt Simplified Measure of Social Status (Hollingshead Modified)>° P
Medical History Medical history P
Parental Feeding Child Feeding Questionnaire® C.P
Disinhibited Eating Binge Eating Scale®! P
Eating in the Absence of Hunger- Adult, Parent®2 P
Eating in the Absence of Hunger- Child®3 C
Child Eating Behavior Questionnaire®* cp
Eating Disorder Examination Questionnaire® P
Craving Food Cravings Questionnaire-trait (adapted for children)5® CpP
Power of Food Scale (adapted for children)s” C,P
Psychopathology Center for Epidemiologic Studies Depression Scale for Children58 C
Multidimensional Anxiety Scale for Children®® C
State Trait Anxiety Inventory — child version’® C
State Trait Anxiety Inventory’® P
Child Behavior Checklist’? P
Physical Activity GODIN Leisure-time exercise questionnaire’ P
Social Desirability Social Desirability Questionnaire’™ c
Treatment Acceptability | Treatment Acceptability and Preference P
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Table 2

List of psychoeducational handouts for the iROC treatment.

Session #
1

© 0o N o g B~ W N

e L e
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16

Topic

Food exposures and cravings, self-monitoring, daily meetings
What causes cravings?

The environment and cravings

Stimulus and portion control

Parenting skills

Child coping skills

Hunger, satiety, and cravings

Diet/nutrition related to hunger, satiety and cravings
Pavlovian conditioning review

Exposures review

Cravings review

Self-monitoring review

Stimulus and portion control review

Parenting, child coping skills review

Diet/nutrition related to hunger, satiety and cravings review

Congratulations, reflect on successes

Note: The schedule of topics above is for the 16-week condition. The 8-week condition will include two topics at each session.
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