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Abstract

The majority of adults in the United States have overweight or obesity which is associated with
significant health and psychological consequences. Behavioral Weight Loss (BWL) is the current
gold-standard weight loss program for adults but recidivism rates continue to be disturbingly high.
Given the health consequences of excess weight and the lack of long-term effectiveness of BWL, it
is important to identify novel weight-loss programs. We developed the ROC (Regulation of Cues)
program to reduce overeating through improvement in sensitivity to appetitive cues and decreased
responsivity to external food cues. This study is a 4-arm randomized control trial designed to
evaluate the efficacy of ROC, ROC combined with BWL, BWL alone and an active comparator
over 24 months. Study recruitment completed in November 2017. Two hundred and seventy-one
participants were randomized (mean age=46.97 years; 82% female, mean BMI1=34.59; 20%
Hispanic) and assessments were conducted at baseline, mid-treatment (6 months) and post-
treatment (12 months). At this time, participants are completing 6- (18 months) and 12-month (24
months) follow-ups. Targeting novel mechanisms is critically important to improve weight loss
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programs. Through this trial, we hope to identify treatments for adults with overweight and obesity
to facilitate long-term weight loss and improved health.
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1. Introduction

Behavioral Weight Loss (BWL) is considered the standard behavioral treatment for weight
loss among adults with overweight and obesity.(1-3) BWL provides a lifestyle intervention
consisting of dietary recommendations, physical activity guidelines, and behavioral
techniques. The ultimate goal of BWL is to lose = 7% of initial body weight.(4) For some
adults, BWL is effective, yielding clinically significant weight loss. On average, participants
in BWL lose 8.6% of their total body weight at the end of a 12-month program, which
equates to approximately 7-10 kilograms of body weight.(5) However, regaining lost weight
after BWL continues to be incredibly common,(6) suggesting that there are underlying
mechanisms unaddressed by BWL which could impact long-term treatment effectiveness.

We have developed a new model for the treatment of obesity called Regulation of Cues
(ROC), which is based on the behavioral susceptibility theory of obesity (BST).(7-9) The
BST states that individual characteristics in appetitive traits are genetically determined and
influencers of how an individual interactions with the current food environment. The BST
highlights the importance of both eating onset (responsiveness to signals to start eating, i.e.
food responsiveness (FR)) and eating offset (responsiveness to signals to stop eating, i.e.
satiety responsiveness (SR)). This dual-susceptibility was first described by Stanley
Schachter in the 1960s whose Externality Theory hypothesized that individuals with
overweight/obesity are more reactive to external cues to eat and less sensitive to internal
satiety signals than their lean counterparts.(10, 11) The ROC program uses psychoeducation
and an experiential learning approach to promote proactive management of external cues for
eating onset and by increasing sensitivity to internal cues for eating offset. Our pilot data
suggest that influencing these appetitive behaviors offers a promising approach for weight-
loss among adults who binge eat(12) as well as for children with overweight and obesity.(13,
14) We believe that by targeting these proposed mechanisms of overeating, we can
potentially develop more durable and long-lasting weight-loss for adults with overweight
and obesity.

2. Study objectives

In the PACIFIC (Providing Adult Collaborative Interventions for Ideal Changes) trial, 271
adults with overweight or obesity were randomly assigned to one of four group-based
conditions: Regulation of Cues (ROC), Behavioral Weight Loss (BWL), a combined
treatment (ROC+), or a structured series of informational sessions (e.g. nutrition, stress
management and social support) that served as an Active Comparator (AC). All treatments
lasted 12 months and planned outcome assessments at 6- and 12-months after treatment are
underway. The primary aim of the study was to evaluate whether interventions led to
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differential changes in body mass index (BMI), and binge eating. Additionally, we included
measurements of the hypothesized mechanisms of change in these programs.

3. Study design
3.1. Trial design

PACIFIC is a parallel group, randomized controlled trial for adults with overweight or
obesity with four arms: ROC, ROC+, BWL and AC. Assessments will be conducted at five
time points: baseline, mid-treatment (month 6), post-treatment (month 12), 6-month follow-
up (month 18) and 12-month follow-up (month 24). The primary outcome measures are
body mass index (BMI), and binge eating over the course of treatment and follow-up
assessments. Secondary outcomes include sensitivity to appetitive cues, reactivity to external
food cues, inhibitory control when exposed to food cues, dietary restraint, energy intake,
overeating, and physical activity.

3.2. Participants

Participants in the study are 271 non-diabetic men and women with overweight or obesity
(mean BMI = 34.59; mean age = 46.97; 82% female; 20% Hispanic) who were recruited,
enrolled, and randomized to one of the four arms.

3.3 Inclusion/Exclusion criteria

Participants were enrolled with the following criteria: Aged 18-65 years; BMI =25 kg/m?
and < 45; English language skills at the 5" grade reading level; willing and able to
participate in assessment visits and treatment sessions; and willing to maintain contact with
the investigators for 24 months. Exclusion criteria included history of bariatric surgery,
recent history of coronary heart disease; recent history of myocardial infarction; recent
symptoms of angina, diabetes, recent stroke, orthopedic problems that would limit activity
during the following 12 months; or any other serious medical condition that would make
physical activity unsafe. Other exclusion criteria included concurrent participation in another
organized weight control program or use of medication for weight loss, planning to move
from the area within the next two years, current suicidal ideation, psychosis, current
substance abuse or dependence, current pregnancy or lactation, hospitalization due to a
psychiatric disorder in the past year, and/or taking medication that may impair physical
activity tolerance or performance. Participants with medical or psychological problems that
could make adherence with the study protocol difficult or dangerous were excluded.

3.4. Recruitment and retention

Participants were recruited from the San Diego Metropolitan area using online
advertisements such as social media ads (e.g., Facebook and Instagram), flyers to
physicians, flyers posted on campus, radio ads, ResearchMatch, and professional referrals to
the center from local physicians. Participants who responded to recruitment efforts
completed an online screen to determine initial eligibility. Participants who met study
inclusion criteria completed a phone screen to further assess eligibility. If participants met
initial screening criteria, they attended an orientation to learn more about the study. If they
were interested in participating after the orientation, participants signed an informed
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consent, had their anthropometrics measured to ensure qualification and completed baseline
assessments. Recruitment occurred between December 2015 and November 2017.

Several strategies were used to maximize participant retention. During treatment, study
interventionists offered make-up sessions when participants were unable to attend, either
over the telephone or in clinic. If a participant missed a session without prior notification,
the study interventionist emailed the materials and called the participant to schedule a make-
up session. We also requested contact information for two close friends or relatives to further
enhance our ability to locate participants.

3.5. Assessment and outcome measures

All measurements along with corresponding time points are listed in Table 1. Participants
complete five assessments: baseline, mid-treatment (month 6), post-treatment (month 12), 6-
month follow-up (month 18) and 12-month follow-up (month 24). Assessments include
anthropometry, self-report questionnaires, tasks and structured clinical interviews. Data
collection is being conducted by trained staff and supervised by licensed clinical
psychologists. Initial baseline assessments began in December 2015 and the final 12-month
follow-up data collection is scheduled to occur in November 2019.

3.6. Measures

3.6.1. Anthropometry

Body Mass Index: Height is measured using a portable Schorr height board (Schorr Inc,
Olney, MD) in triplicate. Height is recorded to the nearest 0.1 cm for all trials, and the
average of the three values will be used for analysis. Body weight in kilograms is measured
on a calibrated Tanita Digital Scale (model WB-110A) and is recorded to the nearest 0.1 kg.
Participants removed their shoes for height or weight measurements. Height and weight are
converted to body mass index (BMI=[kg/m?]).

Body Composition: Body composition was measured with dual-energy x-ray
absorptiometry (DXA). Due to budgetary restrictions, only participants in the first two
waves completed DXA scans and thus will be analyzed in an exploratory manner. Scans
were conducted by experienced technicians certified in the state of California and were
processed using CoreScan/encore Software (GE/Lunar, Madison, W1, USA).

3.6.2. Medical and Psychiatric History (screening only)

Medical history and current medication use: During initial screening, a research staff
member inquired about current medications and the presence of medical conditions that
could interfere with treatment. Participants reported any changes in medical status and
medications throughout treatment and at follow-up. This information is used for eligibility
purposes only, both at screening and throughout enroliment.

Mini International Neuropsychiatric Interview version 6.0 (MINI).(15): The MINI is a
structured clinical interview used to assess psychiatric diagnoses, based on diagnostic
categories from the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR).
Trained interviewers administered the MINI at baseline to determine the presence of a
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psychiatric disorder warranting study exclusion. The MINI has demonstrated adequate
reliability and validity.(15) Interviewers were certified and supervised by a licensed clinical
psychologist.

3.6.3. Binge Eating and Eating Disorder Symptoms

Eating Disorder Examination (EDE version 17.0).(16, 17): The EDE is a structured
clinical interview that assesses disordered attitudes and behaviors related to eating, body-
shape and weight, and eating disorder symptoms defined in the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5). Trained interviewers administer the diagnostic items
from the EDE interview to evaluate eating and compensatory behaviors and patterns of
eating, including binge eating. The EDE is administered at all assessment time points and
was used to exclude adults meeting criteria for bulimia nervosa, and to determine the
presence and number of episodes of binge eating across the study time period. Data support
the reliability and validity of the EDE.(18) Interviewers were certified and supervised by a
licensed clinical psychologist.

Eating Disorder Examination Questionnaire (EDEQ; version 6.0).(19): The EDEQ is a
questionnaire adaptation of the EDE interview and is used to assess eating disorder attitudes
and behaviors at each assessment time point. The EDEQ has strong psychometric properties.
(18, 20) During treatment, the self-report binge eating items and the dietary restraint
subscale were administered monthly to evaluate change over treatment.

Binge Eating Scale (BES).(21): The BES is a 16-item questionnaire that assessed binge
eating severity in a continuous manner. The BES demonstrates significant validity in
identifying loss of control over eating but is less precise at differentiating between large or
small amounts of food.(22)

3.6.4 Sensitivity to Appetitive Cues

The Intuitive Eating Scale— 2 (IES-2).(23): The IES-2 is a 23-item questionnaire that
measures a participant’s tendency to eat in response to physical hunger and their body’s
needs. The measure creates an overall score and four subscales: Unconditional Permission to
Eat, Eating for Physical Rather than Emotional Reasons, Reliance on Hunger and Satiety
Cues, and Body-Food Choice Congruence. The IES-2 has high validity and internal
consistency.(23)

3.6.5 Reactivity to External Food Cues

Power of Food scale (PES): The PFS(24) is a 15-item questionnaire that assessed an
individual’s drive to consume highly palatable foods. The measure creates an overall score
and three subscales: Food Available, Food Present, Food Tasted. The PFS has strong internal
consistency and adequate test-retest reliability.(24, 25)

Heart Rate Variability: We developed a controlled laboratory-based assessment protocol to
evaluate psychophysiological responses to food cues. Participants undergo six minutes of
baseline data collection, then six minutes of exposure to their preferred standardized food,
followed by six minutes of recovery (food is removed). All measurements are taken using a
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BIOPAC MP150 model (BIOPAC Systems, Inc.) with electrophysiological recordings
sampled at 1,000 Hz. HRV was chosen as a measure of Cephalic Phase Response (biological
preparatory responses to food) and has shown sensitivity to conditioning paradigms with
food.(26) Prior to conducting the task, participants are asked to rate a standardized list of
eight foods: Lays Potato Chips, Fritos, Cheez-Its, Chocolate Chip Cookie, Hershey Kisses,
M&Ms, Gummy Bears, Blueberry Muffins. The top-rated food is chosen for the task. During
the exposure, participants are instructed to look at the food for 30 seconds and rate their
craving on a level of 1-5, then smell the food for 30 seconds and rate their craving,
alternating between looking and smelling the food while rating cravings every 30 seconds
for the duration of the six minutes. Heart rate (HR) and heart rate variability (HRV) will be
measured continuously during the food exposure tasks.(27)

3.6.6 Inhibitory control in response to food cues

Stop Signal Task with food stimuli: The stop signal task evaluates motor impulsivity. An
adapted version utilizing food stimuli was used to assess food-specific motor impulsivity.
Participants are shown pictures of highly palatable foods and neutral stimuli. Participants are
instructed to press “C” if the picture was a food and “M” if it was not as quickly as possible.
However, if a border appeared (stop trial; 25% of trials), participants are told that they
should not press anything. The speed at which the stop signal is presented is adjusted based
on the participant’s accuracy. A Stop-Signal Reaction Time (SSRT) using the integration
method will be calculated with slower SSRTs indicating taking more time to stop one’s
response suggesting greater impulsivity.(28, 29)

3.6.7 Dietary Restraint

Three Factor Eating Questionnaire — Restraint subscale (TFEQ) (30): The TFEQ-
Restraint subscale assesses dietary restraint over eating and is 21 items. The TFEQ has been
shown to be psychometrically sound.(30, 31)

3.6.8 Energy Intake

Dietary History Questionnaire—11 (DHQ-11).(32): The DHQ-I1I is a food frequency
questionnaire that assesses consumption of 134 food items and 8 supplements.(33) The
DHQ-II version evaluates food consumption over the past month and assesses portion size.
The DHQ-II will be analyzed using the Diet*Calc software developed by the National
Cancer Institute and provides nutrient and food group estimations including a measure of
energy.(34)

3.6.9 Overeating

Eating in the Absence of Hunger Questionnaire for adults (EAH-A): EAH-A was
adapted from the Eating in the Absence of Hunger Questionnaire for Children and
adolescents (EAH-C).(35) EAH-A is a 14-item questionnaire that measures tendencies to eat
past satiation during a meal and tendencies to start eating despite not being hungry. The
original factor analysis produced three subscales: negative affect, external eating, and
fatigue/boredom eating.(35)
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3.6.10 Physical Activity

Physical Activity Recall (PAR).(36): The 7-Day PAR is a semi-structured interview that
assessed weekly minutes of physical activity. Participants report their time spent in
moderate, hard, and very hard intensity for = 10 minutes continuously.(37) The PAR is
validated and has shown acceptable reliability and sensitivity to change in physical activity
over time.(36-38) Interviewers were trained and supervised by a licensed clinical
psychologist.

Godin L eisure-time exercise guestionnaire.(39): The Godin Leisure-time Exercise
questionnaire assesses the number of times per week individuals participate in strenuous,
moderate or mild exercise for more than 15 minutes during leisure time. The Godin also
assesses whether participants work up a sweat often, sometimes or never/rarely in a week.
This measure is related to objective measures of physical fitness and exercise and is a
reliable and valid measure of leisure-time exercise.(40)

3.6.9. Additional measures of treatment adherence—In addition to pre and post-
treatment assessments, adherence and attendance data were obtained weekly during the
treatment program. Attendance was recorded by group leaders and adherence to self-
monitoring was measured by collecting weekly self-monitoring from participants in the
ROC, BWL and ROC+ treatments.

3.7 Assessment procedures

Baseline assessments were discussed in a weekly consensus and supervision meeting led by
clinical psychologists to determine whether or not individuals met inclusion criteria.
Assessors described findings from the clinical interview that may have warranted study
exclusion (e.g., significant depressive symptoms). When individuals reported symptoms that
could likely interfere with study participation, safety, and engagement (based on study
exclusion criteria), they were excluded from the study after consulting with the PI. Examples
of this included severe depression, current suicidal ideation, or compensatory behaviors (i.e.

purging).

3.8 Intervention

Individuals were randomly assigned to one of four conditions:

ROC, BWL, ROC+ and AC (nutrition, stress management and social support) stratified by
gender and endorsement of loss of control (yes/no) on the EDE. All randomized participants
attended group treatment that included 26, 90-minute visits over 1 year. Groups met weekly
for the first 16 weeks, twice a month for 2 months and monthly for 6 months. All four group
treatments included a mix of didactic teaching, discussion, and activities. Key differences
between the treatment arms are outlined in Table 2 and are described below.

3.8.1 Regulation of Cues (ROC)—As described above, our treatment model, called
Regulation of Cues (ROC), is based on the behavioral susceptibility theory of obesity and
Schachter’s externality theory. We have tested this model in children(13, 14) and adults.(12)
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ROC includes psychoeducation, coping skills, experiential learning, self-monitoring and
physical activity.

Psychoeducation: The ROC program provided psychoeducation at each group visit by
describing a “Tricky Hunger”, which was defined as a way that the environment “tricks” the
body into overeating past nutritional needs. The overall goal of psychoeducation was to
increase participant’s awareness of the situations, thoughts, moods, and environments that
lead to overeating. Psychoeducation was designed to reduce guilt regarding overeating by
helping participants understand the biological and psychological processes by which these
phenomena occur. Rather than avoiding the negative emotions associated with overeating,
understanding the reasons and situations that drive overeating could improve deployment of
self-regulation skills. A model for influencing overeating behavior was introduced that
included the importance of attention/sensitivity to hunger/satiety cues and increased
attention/sensitivity to food cues. Physiological, neurobiological and environmental models
of overeating past nutritional needs were presented in lay language so that participants could
understand how these vulnerabilities may lead to overeating. Participants were provided
information about basic learning theory and how physiological responses to food cues
develop and can be managed.

Coping skills: Coping skills were taught to identify and manage any instances of Tricky
Hunger. Coping skills were presented to assist in mastery and tolerance of food cue
sensitivity. Coping skills included physiological skills (deep breathing, relaxation,
mindfulness), behavioral skills (delay, activity substitution) and cognitive skills (cognitive
restructuring, distraction).

Experiential learning and self-monitoring: In each session, participants completed an
experiential learning exercise. During visits 28, participants were instructed about hunger
and satiety dysregulation. Participants were taught to self-monitor their hunger, either in a
self-monitoring booklet or an app, on a 1-5 scale, with 1="starving” and 5="stuffed”.
Participants were instructed to self-monitor hunger and satiety before, during and after each
meal, as well as 20 minutes after eating for a minimum of two meals/snacks per day.
Participants brought dinner to groups where they ate dinner and monitored their hunger at
the beginning of each group. Conditions were manipulated to simulate eating under different
conditions (boredom, sadness, when full, when hungry).

During visits 9-16, participants learned to assess and rate their cravings (defined as urges to
eat when not physically hungry). Craving was monitored with a 5-point scale, 1= “not
craving it at all” and 5= “craving is overwhelming” and participants rated cravings during
the day (ideally one craving a day at minimum). Participants created a craving hierarchy and
brought their own highly craved foods to group. Using their highly craved foods, they
completed two exposures at each session (starting at session 10; CET-Food) when physically
sated with their preferred foods. If the participant was physically hungry, they ate a snack
before participating in an exposure. During the exposure, participants rated their cravings
while looking at the food, holding the food, smelling the food, after taking two small bites of
the food, and rated their cravings at 30-second intervals for the duration of the exposure.
After 5 minutes, the participants disposed of the food without eating it.
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3.8.2 Behavioral Weight Loss (BWL)—The BWL program included dietary
recommendations, physical activity recommendations, and behavioral change
recommendations.

Dietary recommendations: All participants were instructed to consume a balanced deficit
diet of conventional foods that provided ~15-20% of energy from protein, 30% or less
energy from fat, and the remainder from carbohydrate. Individual goals for energy intake
were based on body weight. Each week participants were provided an ideal range and
encouraged to set an individual goal. The range was calculated by multiplying the
participant’s weight in Ibs x 12 to get the amount of calories needed to maintain current
weight and subtracting 500 and 1000 calories to create a range where anticipated weight loss
would be 1-2 Ibs/week. Nobody was ever instructed to consume less than 1200 calories and
if a participant’s weight increased, he/she maintained the previous week’s range.
Participants were instructed in measuring portion sizes, counting calories (with a calorie
counter provided or on their phone), and self-monitoring food intake.

Behavior change recommendations: Behavior change recommendations include stimulus
control, self-monitoring, goal setting, managing high-risk situations, meal planning, slowing
eating, problem solving, social support, cognitive restructuring relapse prevention skills, and
skills for maintaining weight loss. Participants self-monitored their physical activity, step
counts and food intake daily.

3.8.3. ROC+—BWL and ROC were integrated to capitalize on the strengths of both
treatments. Participants were taught to decrease caloric intake and increase physical activity,
and to use all of the behavioral skills provided in BWL. In addition, the ROC model
featuring roles for hunger and satiety when learning cues for food were introduced along
with skills for managing satiety responsiveness and food cue responsiveness. This arm
included all of the ROC experiential components. Participants in this group also were
provided with standard materials to conduct self-monitoring of food intake, hunger,
cravings, physical activity and daily steps.

3.8.4 Active Comparison (AC)—The timing and number of sessions for the AC was
matched to the other treatments. However, AC treatment components were purposefully
independent of the ROC and BWL components. The prescribed psychoeducation topics
included nutrition, stress management and social support. Participants were provided
information about reading food labels and different “fad” diets. Participants were provided
psychoeducation about how stress leads to weight gain as well as mindfulness-based stress
reduction, sleep hygiene, and time management. Participants were provided with
assertiveness training along with conflict management skills and were encouraged to build
positive support networks. At each session, a mindfulness exercise was provided and
participants were encouraged to practice mindfulness at home.

3.8.5 Physical Activity Across All Groups

Physical activity: Participants in all four groups were provided the same goal of engaging in
at least 150 minutes of moderate or greater intensity physical activity. In the AC, physical
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activity was encouraged to promote general health and stress management. In the ROC and
ROC+ groups, physical activity was recommended to improve the self-regulatory strength
needed for mastering and tolerating physiological and psychological arousal, resisting
cravings and preventing overeating. In the BWL and ROC+ groups, physical activity was
encouraged to burn calories and aid in creating a calorie deficit. Physical activity goals and
strategies were kept consistent across ROC, BWL, and ROC+. Participants in these three
groups were provided a pedometer and encouraged to achieve at least 10,000 steps per day.
Participants used their booklet or app to self-monitor their physical activity and daily step
count each day.

3.9. Treatment fidelity

Group interventionists for the PACIFIC program were registered dieticians, Ph.D. level
postdoctoral fellows, advanced graduate students in clinical psychology and licensed clinical
psychologists. All interventionists completed a day-long training course in their assigned
treatment and attended regular supervision.

4. Statistical analyses

4.1 Sample Size and Power Considerations

We determined sample size for a four-group design to evaluate the primary hypotheses of the
efficacy of ROC and ROC+ when compared with AC (PA1) and ROC and ROC+ when
compared with BWL (PA2). The sample size was selected to ensure that the study would be
expected to detect improvements over AC using effect sizes reflecting a range of
standardized mean (Cohen’s d) decrease in BMI d=-0.52-0.85 for ROC and ROC+, a
moderate and clinically significant change (~5% decrease). Effect estimates for evaluation of
mechanisms of treatment were informed by observed significant changes in binge eating
behavior during pilot treatment with ROC (range of standardized mean difference using
Cohen’s d=-0.66 — 0.70(12)). Those reporting more change in binge eating during ROC
treatment reported greater likelihood (OR=2.14, 95%CI=0.40-11.51) of maintaining or
continuing weight loss after treatment (38% vs 78% maintain/reduce BMI from 3- to 7-
months), supporting the potential indirect effect of ROC on reductions in BMI by impacting
binge eating.

Empirical power estimates were assessed by generating multivariate random samples of four
outcome measurements that were matched to the expected BMI for each condition using the
same correlation structure of assessments over time as observed in our pilot study. The
percentage of datasets with effects that were significantly unlikely to have occurred (p<0.05)
if the null hypothesis were true (i.e. there were no differences in BMI changes for
participants in ROC, ROC+, BWL, and AC), provided a simulation-based estimate of power.
With standardized mean treatment effects of —0.62 (ROC and ROC+ vs BWL

SUeffect parameter= 0.14) and —0.30 (ROC and ROC+ vs AC sdeffect parameter=0.09) across 1000
data sets, the planned design of 70 per group (total n=280) would provide greater than 0.83
power for detecting the planned treatment comparisons with allowance for up to 20% lost to
follow up. Empirical power analyses suggested that this sample also will sustain power
>0.80 when exploring meditational hypotheses with an expected medium to large effect of
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ROC and ROC+ on primary mediators (sensitivity to appetitive cues, reactivity to external
food cues, inhibitory control when exposed to food cues, dietary restraint, overeating and
binge eating) and medium effects of primary mediators on changes in BMI.(41) The
proposed sample will allow moderation analyses (e.g. treatment by baseline binge status)
with moderate to large effects to sustain power >0.81.

4.2 Data analyses

Primary outcomes—Analyses will use linear mixed effects (LME) models and will
include comparison of ROC and ROC+ with AC interventions on changes on BMI and binge
eating at mid-treatment, post-treatment, 6- and 12-month follow-up assessment after
baseline (PA1). These LME models will include contrasts to simultaneously compare ROC
and ROC+ to BWL on these target outcomes (PA2). Analyses of the secondary aim with
LME or generalized LME will evaluate planned treatment group comparisons on changes in
sensitivity to appetitive cues, reactivity to external food cues, inhibitory control when
exposed to food cues, dietary restraint, energy intake, overeating, and physical activity
(moderate/vigorous minutes/week) (SA1). All other study endpoints including behavioral
and psychological outcomes are considered exploratory. Planned covariates will include
gender, baseline binge eating status, and baseline values for assessing corresponding primary
outcomes (PAL, PA2).

Exploratory Analyses: We will use a latent variable framework analysis to estimate
simultaneously the multiple proposed mediators of ROC and ROC+. A series of multiple-
mediator models(42) will provide a test of whether ROC and ROC+ lead to greater changes
than AC or BWL (SA1) on a proposed set of candidate mediators ( ‘a” paths for mid-
treatment and post-treatment increases in sensitivity to appetitive cues & reactivity to food
cues and inhibitory control over food cues; less dietary restraint, binge eating & overeating)
and whether changes in mediators are related to greater change in weight loss (BMI, % body
fat, binge eating) at the end of treatment (‘b’ paths). The product of these sets of coefficients
and associated standard errors will provide effects used to test statistical significance.
Evaluation of moderators will add a set of two interaction effects of dummy-coded treatment
indicators with demographics, baseline BMI, binge eating status, sensitivity to appetitive
cues, reactivity to external food cues, inhibition for LME models evaluating PA1 and PA2.
Significance of moderators will be evaluated with an adjustment for multiple tests using
Benjamini Hochberg procedures.(43) Participant liking, acceptability, and retention (i.e.
attendance) of each treatment will be evaluated with regression models to identify individual
characteristics associated with these outcomes.

4.3 Missing data

The maximum-likelihood (ML) based analysis using the observed data from all cases
assumes missing data is missing at random (MAR) and the missing data is a function of the
observed outcomes and covariates. The plausibility of the MAR assumption with ML can be
improved by using an inclusive analysis strategy that incorporates auxiliary variables as
correlates of missingness. We acknowledge the possibility that data may be missing not at
random (MNAR). Therefore, we propose to perform MNAR sensitivity analyses using
pattern mixture models. For infrequently observed patterns we will apply the Hedeker and
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Gibbons approach(44) that uses a binary variable in the model to denote missing data at one
or more time points.

5. Discussion

The PACIFIC study is an ongoing fully-powered randomized controlled trial comparing our
novel treatment, ROC, as a stand-alone treatment and in combination with BWL, with BWL
and an AC group among adults with overweight and obesity over 24-months. The PACIFIC
study will provide integral knowledge of whether the ROC program and the combined ROC
+ program provide greater decreases in weight (BMI, %weight lost, body fat %) and
decreased binge eating as compared to BWL and AC. Importantly, this study will also
evaluate changes in key hypothesized mechanisms of action, including sensitivity to
appetitive cues, reactivity to external food cues, inhibitory control when exposed to food
cues, dietary restraint, energy intake and overeating. We will also determine whether the
three intervention arms (ROC, ROC+, BWL) promoted increased physical activity relative to
AC. We will explore potential mediators (e.g., sensitivity to appetitive cues, reactivity to
food cues, inhibitory control over food, dietary restraint & overeating) as well as moderators
(e.g., demographics, baseline BMI, binge eating status, sensitivity to appetitive cues,
reactivity to external food cues, inhibitory control over food) of treatment outcomes (BMI,
% body fat, binge eating). Further analysis of PACIFIC data will allow us to evaluate
attrition, adherence and attendance patterns throughout treatment.

The PACIFIC study was designed to evaluate a novel treatment, ROC, as a stand-alone
treatment and in combination with BWL, to improve weight loss and weight loss
maintenance, as well as to target binge eating. By targeting underlying mechanisms, such as
sensitivity to hunger and satiety cues, external food cue responsiveness, and inhibitory
control, we hope to inoculate participants against the ubiquitous food cues in the current
environment. The PACIFIC data set will include a wide array of appetitive traits, which
could be used to identify behavioral phenotypes and responsiveness to the different
treatments, which could lead to precision medicine approaches.

PACIFIC is a tightly controlled trial with one year of treatment and one year of follow-up.
By controlling enrollment, we will be able to directly compare the three active treatments
with the AC with less variability in sample characteristics. The design of the study will allow
us to test ROC as a stand-alone treatment as well as a combined version with BWL resulting
in a cost-effective way to evaluate all the different treatments at once in one study. As in all
studies, the PACIFIC study has limitations. First, it was conducted in a University clinic with
well-trained staff, and the treatments may not translate directly to community-based clinics.
Additionally, the demographics of the PACIFIC study are unique (20% Hispanic) and may
not generalize directly to other racial/ethnic groups (e.g., African Americans and Asians).
Relatedly, although rates of overweight/obesity across men and women are similar (45), the
current sample is predominantly female; however, this is common in many weight loss trials.
(46-48) Despite these limitations, the PACIFIC study will be the first to compare the ROC
and ROC+ models with BWL and AC with a 12-month follow-up and provide data on
appetitive mechanisms and the relationship to weight loss over time.
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Measurement table and assessment time points.
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Time-point
Instrument (references) 1| Trtvisits | 2 | 3| 4| 5

Demographics Age, gender, ethnicity, income X

Barratt Simplified Measure of Social Status X

Height and Weight (BMI) X X X X
Anthropometry

Body composition (DXA) X

MINI X
Medical and Psychiatric History

Medical history questions X X X X

Eating Disorder Examination X X X

Eating Disorder Examination Questionnaire X X X
Binge Eating Binge Eating Scale X X X
Sensitivity to appetitive cues Intuitive Eating Scale X X X|X]|X

Psychophysiological measurements X X X
Reactivity to external food cues

Power of Food Scale X X X | X X
Inhibitory control in response to food cues | Stop Task with food pictures X X | X X
Energy intake Dietary History Questionnaire — 11 (DHQ-11) X X | X X
Overeating Eating in the Absence of Hunger Questionnaire | X X | X | X| X
Dietary restraint Three Factor Eating Questionnaire (Restraint) X X | X | X| X
Physical activity Physical Activity Recall X XX X]|X

GODIN Leisure-time exercise questionnaire X X | X | X | X

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

Note: Timepoints were as follows 1 = baseline, Trt visits = treatment visits (26 sessions over 12 months), 2 = mid-treatment (6-months), 3 = post-
treatment (12-months), 4 = 6-month follow-up (18-months), 5 = 12-month follow-up (24-months).
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Table 2.

Key components and differences between the four arms.
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ROC

BWL

ROC+

AC

Dietary
prescription

No dietary prescription.
Sessions focused on learning
to control physiological and
psychological responding to
food, and to eat less of foods

that are palatable. No
education about portion
control or food labels.

Restricted calories to 1200
or more based on weight
using a low fat, low
calorie diet. Sessions
included problem-solving
barriers to following the
diet, learning about food
labels, food shopping,
cooking and portion

Restricted calories to 1200 or
more based on weight using a
low fat, low calorie diet.
Participants learned to control
physiological and psychological
responding to food, as well as
food labels, shopping, cooking
and portion control

Healthy eating using
choosemyplate.gov.
Participants learned
about food labels,
shopping, cooking and
portion control.

prescription

psychological responding to
food cues. Actual program is
the same as BWL.

to assist in weight loss.

control.
mor?ietlg;'ing Hunger and craving Food intake Food intake, hunger and craving None
Participants brought meals -
and/or palatable foods to each an%?g;cgg?fgfbll)g%gzts rt]g)eg;sch
SS\?;OSI'J:#S?:J ?nngessztilcfr:y session. Hunger and satiety was
Experiential duri | N monitored in session during Mindful Activiti
learning e osurgs”tnc?hr?er?lscraved one meals indfulness Activities
foe)ds were cor?du)éted in Exposures to highly craved
session while cravinas were foods were conducted in session
monitored 9 while cravings were monitored.
Physical activity was Physical activity was prescribed Physical activity was
: prescribed to help regulate : - to burn calories to assist in recommended for
?c]%/ig\)/lict?/l physiological and prezzyi%lggltgcl;mﬁyc;\llg?i es weight loss, as well as to help health and stress

regulate responding to food
cues. Actual program is the
same as BWL.

management. Same
goal of weekly exercise
was recommended.

Focus was on tolerance and
mastery of physiological/

Recommended removing
palatable energy dense
foods from the home, and

Tolerance and master of
physiological and psychological
arousal to food cues, removing

S:éwﬂg:s r egggpaﬂgg;gzl a;al;::l gtl d planning ahead for eating palatable energy dense foods None
not recommend gvoidir{ an in restaurants and parties, from the home, and minimizing
eating situations g any and avoiding high-risk and preparing for high-risk
9 ' eating situations. situations.
Grc:]z:gns;tta(t)trlir:]g f:nc(;Jse;g c(;incisr? If- Goal setting focused on Goal setting focused on self-
Goal settin maste a%d tolcgration 019 self-monitoring, and monitoring (food intake, hunger None
9 h sioI(r)y ical/nsvchological adherence to diet and and cravings) and adherence to
phy gicalpsy 4 physical activity. diet and physical activity
arousal.
Methods for managing Methods for managing
ph‘;sg;gvgé?g;fglr (?Sgal Discussed in terms of how | psychological and physiological
. . ; ; to cope to reduce barriers arousal. Discussed each week
Coping skills rlgglz(?gisrslgdniz:;tr;rv)\/lz% to diet and physical regarding mastery and tolerance None
tolerance of physiological/ activity adherence of phys|o|og|r((:)iléglsycholog|cal
psychological arousal. :
Other health
iSSUES None None None Sleep, stress
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