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Abstract

Obesity is a global epidemic, yet successful interventions are rare. Up to 60% of people fail to 

achieve clinically meaningful, short-term weight loss (5–10% of start weight), whereas up to 72% 

are unsuccessful at achieving long-term weight loss (5–10% loss for ≥ 5 years). Understanding 

how biological, cognitive, and self-regulatory factors work together to promote or to impede 

weight loss is clearly needed to optimize obesity treatment. This paper describes the methodology 

of the Cognitive and Self-regulatory Mechanisms of Obesity Study (the COSMOS trial). 

COSMOS is the first randomized controlled trial to investigate how changes in multiple 

biopsychosocial and cognitive factors relate to weight loss and one another across two weight loss 

treatments. The specific aims are to: 1) Confirm that baseline obesity-related physiological 

dysregulation is linked to cognitive deficits and poorer self-regulation, 2) Evaluate pre- to post-

treatment change across time to assess individual differences in biomarkers, cognition, and self-

regulation, and 3) Evaluate whether the acceptance-based treatment (ABT) group has greater 

improvements in outcomes (e.g., greater weight loss and less weight regain, improvements in 

biomarkers, cognition, and self-regulation), than the standard behavioral treatment group (SBT) 

from pre- to post-treatment and 1-year follow-up. The results of COSMOS will provide critical 

information about how dysregulation in biomarkers, cognition, and/or self-regulation is related to 

weight loss and whether weight loss treatments are differentially associated with these factors. 

This information will be used to identify promising treatment targets that are informed by 

biological, cognitive, and self-regulatory factors in order to advance obesity treatment.

1. Introduction

Obesity has been named a global epidemic by the World Health Organization.1 Nearly 40% 

of U.S. adults are obese2 and at risk for more than 250 comorbid medical conditions.3 

Obesity-attributable U.S. medical spending has been estimated as high as $147 billion 

annually.4,5 Despite this global crisis, successful interventions are rare, with up to 72% of 

individuals unsuccessful at achieving weight loss for five years or more.6 Consequently, 

there is still an urgent need to identify the factors impeding successful weight loss and to 

intervene. These factors may include a complex array of obesity-related physiological 

dysregulation, cognitive deficits, and self-regulation failure, as described below.

Obesity is a complex, cyclical disease in which excess adiposity causes physiological 

changes (see Figure 1, Path A)7 that impair cognitive functions (Path B).8–11 In turn, these 

cognitive deficits may contribute to reduced self-regulation (Path C), resulting in unhealthy 

behaviors (Path D) that promote or maintain obesity (Path E).7 Unfortunately, no studies to 

date have examined all of the above factors concurrently across different weight loss 

programs. Such a study is in order to identify potential differences in biopsychosocial and 

cognitive response patterns that may ultimately prove to be important predictors of weight 

loss or weight loss maintenance.
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Comparing the biopsychosocial and cognitive impacts of acceptance-based behavioral 

treatments (ABTs) versus standard behavioral treatments (SBTs) may be especially valuable 

given recent evidence that ABTs are superior to SBTs. Specifically, studies have previously 

shown that ABTs result in greater weight loss at both post-treatment and follow-up 

appointments than is typical for standard lifestyle interventions.12,13 The superior 

performance of ABTs may be due their ability to differentially improve biomarkers, 

cognitive function, and/or self-regulation. For instance, ABTs differ from SBTs in their 

promotion of self-regulation skills such as tolerating states of distress/discomfort, defusing 

thoughts from actions, committing to behaviors in line with defined values, and practicing 

mindful self-awareness of decisions.14–16 These focused skills are hallmarks of treatments 

like Acceptance and Commitment Therapy (ACT)17 and Dialectical Behavioral Therapy 

(DBT)18 but are not a focus of the cognitive restructuring commonly used in SBTs for 

weight loss.19–21 Thus, ABT may foster enhanced self-regulation skills, which have, in turn, 

been shown to reduce physiological reactivity22 and to enhance cognitive function and 

behavioral regulation.13,14 However, this possibility has yet to be empirically examined, and 

the current literature would greatly benefit from the explicit examination of ABT for weight 

loss and its potential impact on biomarkers and cognition in relation to SBT program 

outcomes.

Accordingly, Aim 1 of the proposed Cognitive and Self-regulatory Mechanisms of Obesity 

Study (COSMOS) trial is to examine the relationships between baseline obesity-related 

physiological dysregulation, cognitive deficits, and poor self-regulation. Aim 2 will extend 

these descriptive findings by evaluating change within individuals in biomarkers, cognitions, 

and self-regulation behaviors from pre- to post-treatment. Aim 3 will examine whether ABT 

yields greater improvements in outcomes (e.g., weight loss, biomarkers, cognition, etc.) than 

the SBT group across the duration of the study.

2. Methods

2.1 Conceptual Framework

The above aims are driven by the recent results that ABT may be superior to SBT for weight 

loss12,13 and the clear conceptual and theoretical differences between ABT and SBT16 that 

may be driving the different effects – though it is unknown by which biological, cognitive, 

or self-regulatory mechanisms. For instance, SBTs such as the Diabetes Prevention 

Program23 or LEARN program24 use cognitive restructuring as a core skill. In cognitive 

restructuring, an individual typically identifies a cognitive error or distorted thought (e.g., I 
need that candy bar), weighs evidence for and against the thought (e.g., I just ate a full lunch 
20 minutes ago), and generates a more accurate or helpful thought to replace the old thought 

(e.g. I want the candy bar but eating it is not in line with my health goals). In direct contrast, 

ABTs focus on a nonjudgmental awareness of internal experiences (e.g., I’m having the 
thought that I want that candy bar), acceptance of these experiences (e.g., I am willing to 
accept this urge to eat), and mindful decisions to engage in committed actions (e.g., Even 
with this urge, I can put the candy back and go for a walk which is line with my value of 
being healthy for my grandchildren).25,26
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Therefore, ABT strategies may promote weight loss via cognitive and emotional pathways, 

including: 1) enhanced awareness of physiological hunger and satiety cues,27 2) promotion 

of effective, flexible coping in response to non-nutritive cues (i.e., stress),28–30 and (3) 

inhibition of eating impulses.31 Indeed, mindfulness (a key ABT strategy) has been shown to 

promote cognitive function14,15,32 and distress-tolerance,29,30 broadly, and not just in 

relation to food.27,28,31 Studies support these findings by showing that those who have 

participated in ABTs are less likely to engage in overeating, especially if they have a greater 

responsivity to the food environment.12,33 Thus, ABTs may be especially efficacious for 

weight loss for several interrelated reasons: 1) they help combat the propensity for34 and 

high access to high calorie foods35 by increasing awareness of these states, 2) they may 

improve distress tolerance and therefore reduce stress and stress-related eating,28–30 3) they 

may enhance awareness of satiety cues, and 4) they remove the added mental effort of 

cognitive restructuring (i.e., changing thoughts) present within SBT approaches.

2.2 Trial Design Overview

The COSMOS trial (Clinical Trials.gov Identifier: NCT02786238) is multi-year trial with 

multiple cohorts and will compare a maximum of 108 obese adults (21–65 years old) 

randomized to one of two treatment groups of interest – acceptance-based behavioral 

treatment (ABT) or standard behavioral treatment (SBT). The impact of the two 

interventions on physical, cognitive, and self-regulation factors will be assessed from 

baseline to post-treatment (6 months) and from baseline to follow-up (1 year). Given the 

complexity of assessments, we have included a summary table of the timing of assessments 

across the trial periods (see Table 1). Using this assessments, we propose to test whether a 

program like ABT promotes greater weight loss and less weight regain compared to SBT as 

well as directly examine whether treatment-related changes in physiological, cognitive, and 

self-regulatory factors differ by program and/or are associated with one another. Recruitment 

has been completed, so basic data on participant demographics are included (see Figure 2 for 

initial CONSORT flow diagram36 and Table 2 for participant characteristics). Importantly, 

randomization was effective, as there were no observed differences in any demographic or 

weight variable between SBT and ABT treatment arms.

2.3 Eligibility and exclusions

COSMOS participants had to meet the following inclusion criteria: (a) aged 21–65 years, (b) 

English-speaking, (c) baseline BMI ≥ 27.0 and ≤ 52 kg/m2, and (d) attended a study 

information session. Exclusion criteria are: (a) age or BMI out of stated range, (b) non-

English speaking, (c) currently pregnant or breastfeeding or planning to become pregnant in 

next 12 months, (d) history of bariatric surgery or planning to get surgery within next 12 

months, (e) history of neurological disorder or injury (e.g. stroke, or seizures; loss of 

consciousness > 10 minutes), (f) current major medical condition (e.g., cancer, liver or 

kidney disease), (g) impaired sensory function (e.g., visually impaired), (h) history of or 

current serious psychological disorder (i.e., severe depression or anxiety, substance use, 

psychotic, bipolar, or eating disorder), (i) recent significant weight loss (> 10% of body 

weight), (j) taking medications that impact weight (e.g., mirtazapine, prednisone), (k) 

physical activity contraindicated, or (l) enrolled in another weight loss program (e.g., 

WeightWatchers®). Inclusion/exclusion were selected to maximize safety and/or to ensure 
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validity of the treatment effects or cognitive testing. We aimed to recruit 60% (n = 61) 

female and 30% non-white (n = 31) participants, and our actual enrollment of 108 

participants was 72% female (n = 78) and 24% non-white (n = 26). Equal numbers of 

participants were randomized to each group (SBT vs. ABT) (n = 54) (see Figure 2).

2.3 Recruitment

Participants were recruited from the local university and community in four cohorts. 

Multiple cohorts were used to keep the weekly treatment group sizes to 5–10 people. The 

primary recruitment strategies used were mailings, emails, and phone calls as well as 

promotional materials placed in high-traffic areas (e.g., restaurants, hospitals, YMCAs). 

These recruitment materials directed interested parties to an online screening form, which 

assessed the various inclusion/exclusion criteria as well as ability to engage in physical 

activity using the Physical Activity Readiness Questionnaire (PARQ+, see description 

below).37 Persons interested in enrolling in COSMOS were required to either to meet the 

appropriate threshold on the PARQ+ or to have written approval from their medical provider 

prior to beginning COSMOS in order to ensure their safety.

Once cleared per their PARQ+ score or by a signed clearance form from a medical provider 

as well as meeting all other screening criteria, eligible participants were invited to attend a 1-

hour information session that was required for enrollment. In this session, study details were 

presented using a motivational interviewing technique to promote retention38 should the 

person decide to enroll. Participants attending the information session could enroll in 

COSMOS and, if they chose to do so, were asked to provide written informed consent and 

schedule a baseline fasting blood draw at the campus health center. Once our team received 

a participant’s blood specimen for analysis, a team member contacted him or her to schedule 

the 2-hour baseline visit for psychosocial assessments. After baseline blood and 

psychosocial assessments were complete, the participant was randomized to either SBT or 

ABT.

2.4 Randomization

The randomization to SBT or ABT was conducted using block randomization with random 

computer-generated block sizes stratified by sex to ensure equal representation of males and 

females between treatment arms.

2.5 Treatment Conditions

The two treatments offered (ABT and SBT) are modified versions of the protocols used in 

the previously successful Mind Your Health (MYH) trial.13 In the MYH protocol, 25 

sessions were conducted over 1 year, with session 1–16 offered weekly, sessions 17–21 

offered biweekly, sessions 22–23 offered monthly, and sessions 24–25 offered bimonthly. In 

the COSMOS trial, treatments will be condensed to 6 months, and we will drop sessions 

from the MYH protocol that involved transitioning participants from weekly sessions to 

longer duration between sessions. Thus, for COSMOS, 23 sessions will be delivered weekly 

over 6 months.

Hawkins et al. Page 5

Contemp Clin Trials. Author manuscript; available in PMC 2019 September 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



As summarized in the MYH results trial paper,13 both SBT and ABT share certain 

intervention components, including: 1) nutritional education (e.g., recommended servings 

across diverse food groups), 2) prescriptions for a balanced-deficit diet (~1200–2000 

kcal/day depending on weight) and physical activity (i.e., gradual increase to 250 min/week 

of brisk walking or the equivalent by week 18), 3) expectations for daily self-monitoring of 

calorie intake and activity, 4) stimulus control, behavior shaping, behavior analysis, and 

relapse prevention strategies, and 5) social support. Key differences between SBT and ABT 

are detailed below.

Standard Behavioral Treatment—The SBT condition will utilize unique standard 

behavioral weight loss treatment strategies based on existing obesity treatments. These 

features include all of the shared features listed above as well as the following unique 

features: 1) changing the content of one’s thoughts, 2) cognitive restructuring, 3) building 

self-efficacy and positive self-esteem, and 4) learning to cope with food cravings by 

distracting from and psychologically confronting cravings.

Acceptance-Based Behavioral Treatment—ABT for weight loss is a manualized 

protocol that has been empirically tested in the MYH RCT (R01 DK095069)13 and has been 

recently published as a treatment manual for use by providers.26 It contains all of the shared 

features listed above as well as unique ABT training designed to help individuals increase 

awareness of their perceptual, cognitive, and affective experiences, and the following 

exercises: 1) identifying weight-related goals from personal life values (e.g., health) and 

connecting these values to day-to-day eating, 2) increasing awareness of moment-by-

moment behavior choices, 3) tolerating aversive internal states that include eating-related 

states as well as affective states such as stress, sadness, and anxiety (i.e., “urge-surfing”). 

Details about these techniques can be found in the treatment manual.26

2.6 Participant Timeline and Reimbursement

In addition to the 23 treatment groups over 6 months, participants attend three 1.5 to 2-hour 

assessment sessions: baseline, post-treatment (6 months), and 1-year follow-up (1 year after 

baseline). Participants receive $75 reimbursement for each of these assessment visits, 

totaling $225 if all sessions are attended. The timeline for specific study procedures is 

presented in Figure 3. Assessments are conducted by individuals blind to the participants’ 

treatment conditions.

2.7 Primary Outcome

The primary outcome is change in measured total weight (kg) from baseline to post-

treatment and from baseline to follow-up. We will also collect measured fat mass (kg) and 

waist circumference (cm). These adiposity indicators will be examined in sensitivity 

analyses to determine if the pattern of results observed for total weight is consistent when 

using different adiposity indicators (i.e., fat mass or waist circumference). Body weight and 

fat mass are both measured in the laboratory using a bioelectrical impedance device (Model 

TBF 310GS; Tanita Corporation: Arlington Heights, IL USA). Measurements are taken to 

the nearest 0.1 of the kg. Participants are weighed without shoes and wearing casual clothes. 

Waist circumference is assessed with measuring tape at a level parallel to the floor and 
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placed snugly midway between the bottom of the ribcage and at the highest point of the iliac 

crest according to World Health Organization protocols.39

2.8 Other Key Measures

Secondary outcomes include multiple biomarkers, cognitive function tests, and self-

regulation indices. Each of these outcomes is categorized and described below.

2.8.1 Biomarkers

Metabolic Indicators: At baseline, post-treatment, and follow-up, blood samples for the 

assessment of fasting glucose, hemoglobin A1C (HgA1C), and insulin are obtained and used 

to examine glucoregulation and insulin resistance. These samples are collected from whole 

blood or plasma specimens in sterile tubes and frozen until the time of assay. Samples are 

analyzed at the medical center laboratory. Fasting glucose and insulin values are used to 

calculate the homeostasis model assessment of insulin resistance (HOMA-IR).

Vascular Indicators: Following guidelines from the American Heart Association,40 five 

seated blood pressure readings are taken at 2-min intervals by a trained research assistant 

using a standard sphygmomanometer at baseline, post-treatment, and follow-up. Systolic 

(SBP) and diastolic (DBP) values are computed as the average of the last three readings.

Inflammatory Processes: At baseline and follow-up, three markers of inflammation (tumor 

necrosis factor; TNF-α, interleukin; IL-6 and high-sensitivity c-reactive protein; hsCRP) are 

measured using whole blood, serum, or plasma specimens. Samples are stored until the time 

of assay. Assays for serum TNF-α and IL-6 are performed using commercially available kits 

and conducted at the Oklahoma State Metabolic and Nutrition Phenotyping Core Facility 

while hsCRP is analyzed at the medical center laboratory.

2.8.2 Cognitive Function—At baseline, post-treatment, and follow-up, participants 

complete the NIH Toolbox Cognition Battery (NIHTB-CB);41 a comprehensive, 

computerized neuropsychological battery that assesses the following domains: attention, 

executive function, memory, processing speed, and language. The NIHTB-CB was created 

by the NIH for participants aged 3 to 85 years and can be administered in 30 minutes. This 

battery was chosen for the COSMOS trial because it is time-efficient, ensures that the trial 

results can be compared across existing NIHTB-CB studies, and allows us to measure 

cognitive indices over time in relation to the SBT and ABT interventions. The specific tests 

in the battery are: Flanker Inhibitory Control and Attention, Dimensional Change Card Sort, 

List Sorting, Picture Sequence Memory, Pattern Comparison Processing, Picture Vocabulary, 

Oral Reading Recognition. All tests in the battery have been validated against gold-standard 

instruments and normed for use in the age ranges for the COSMOS trial.41 As supplemental 

measures of executive function, participants also completed the Go/No-Go and Stroop from 

the Automated Neuropsychological Assessment Metrics-IV.42

2.8.3 Self-Regulation—At baseline, post-treatment, and follow-up, participants will 

complete two self-report questionnaires and two behavioral tasks assessing self-regulation, 

specifically, the ability to persist at and to refrain from certain behaviors. First, the Brief 
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Self-Control Scale43 is a 10-item self-report questionnaire that assesses trait levels of self-

control, with a focus on a person’s ability to override an inner urge and refrain from acting 

on it. It is rated from 1 (“not at all like me”) to 5 (“very much like me”) and has high internal 

consistency, test-retest reliability, and construct validity.43 Second, the Effortful Control 

Scale,44 which assesses both the ability to persist and the ability to inhibit impulses, also has 

good reliability and validity. In addition to these self-report measures of self-regulation, we 

also included two behavioral indices. The first behavioral task is the Handgrip Strength Test,
45 in which participants grip a dynamometer and are timed. The second behavioral task is an 

unsolvable puzzle, in which participants are asked to solve a puzzle that has no solution and 

are timed;46 longer time (seconds) on both tasks is associated with greater persistence.

2.8.4 Demographic Factors and Key Covariates—Participants completed baseline 

self-report questionnaires assessing the following factors: (1) demographic: age (years), 

gender, race-ethnicity (Caucasian, African American, American Indian/Native American/

Alaskan Native, Asian/Pacific Islander, Hispanic/Latino), education level (middle school, 

high school, some college, associate’s, bachelor’s, graduate or professional); (2) Weight and 

Lifestyle Inventory;47 and (3) psychosocial: Adverse Childhood Experiences Survey,48 Beck 

Depression Inventory-II,49 Emotional Eating Questionnaire Revised,50 International 

Physical Activity Questionnaire,51 Philadelphia Mindfulness Scale,52 and the Power of Food 

Scale.53

3. Data Analyses & Hypotheses

Before examining the primary aims of the study, requisite checks for missingness, outliers, 

skewness, kurtosis, and multicollinearity will be performed. Missing data will be imputed 

within person, within subscale when possible and using maximum likelihood estimation for 

mixed-effects model analysis. Transformations and corrections for non-linearity or 

multicollinearity will be performed as needed (e.g., square root or logarithmic 

transformations; removing or aggregating redundant items, etc.) Treatment groups will be 

compared on characteristics at baseline using t- tests or χ2 tests for continuous or categorical 

variables, respectively.

3.1 Aim 1 Analyses: Cross-sectional Relationships between Obesity, Biomarkers, 
Cognition, and Self-regulation

The first hypothesis for Aim 1 is that greater obesity will be associated with poorer glycemic 

control (higher fasting glucose, insulin, HbA1c and HOMA-IR levels), poorer 

cardiovascular function (elevated SBP and DBP), and elevated inflammatory markers (TNF-

α, IL-6, CRP).

To determine the relationship between obesity level and biomarkers, a series of hierarchical 

regression analyses will be conducted for each biomarker (glucose, insulin, HbA1c, HOMA-

IR, SBP, DBP, TNF-α, IL-6, and hs-CRP). Analyses will be identical and in the following 

form: Block one: Demographic variables and covariates, and Block two: BMI, waist 

circumference, or body fat mass.
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The second hypothesis for Aim 1 is that higher levels of these physiological variables will be 

associated with relatively poorer performance on neuropsychological tests. Thus, a series of 

hierarchical regression analyses will be conducted for each domain of cognitive functioning 

(i.e., cognitive test scores), such that: Block one: Demographic and covariates and Block 

two: glucose, insulin, HbA1c, HOMA-IR, SBP, DBP, TNF-α, IL-6, or hs-CRP.

The final hypothesis for Aim 1 is that poorer performance on neuropsychological tests will 

predict lower scores on self-reported and behavioral indicators of self-regulation (e.g., Self-

Control Scale, persistence at an unsolvable task). A series of hierarchical regressions will be 

conducted for each measure of self-regulation: Block one: Demographic variables and 

covariates, and Block two: Cognitive test scores.

3.2 Aim 2 & 3 Analyses: Within- and Between-Person Changes in Weight across 
Treatments

In order to evaluate within-person change and inter-individual differences across ABT and 

SBT in weight outcome variables, we will employ multilevel mixed-effects models of 

repeated adiposity measures (i.e., total weight, fat, or waist circumference) at baseline (Time 

0), 3 months (Time 3), 6 months (Time 6), and 12 months (Time 12). Each adiposity 

indicator will be examined in a separate model. Advantages of mixed-effects models are 

their ability to simultaneously address within-person and between-person changes in weight 

while accounting for fixed and random effects and employing estimation techniques that 

avoid listwise deletion of cases with missing values.54 The level-1 submodel will consist of 

each participants’ weight (or waist circumference or fat mass) trajectory across time (i.e., [0, 

3, 6, 12]) and corresponds to Aim 2. These repeated measures will be nested within the 

projected 96 participants (level 2 model). We expect to find substantial heterogeneity in the 

trajectories across individuals and will test whether treatment type (ABT vs. SBT) and other 

hypothesized predictors (biomarker levels, cognitive function, self-regulation) contribute 

meaningfully to the individual differences in the obesity indicator trajectories (Aim 3). We 

will include a first order autoregression component in order to account for the likelihood that 

obesity indicators at any two time points depend on the correlation between indicators at the 

previous time point. The hypothesis for Aim 2 is that – while most individuals will 

experience weight loss from baseline to post-treatment and follow-up – there will be 

variability in the slopes of weight loss and change in the secondary outcome variables. The 

hypothesis for Aim 3 is that the ABT group will show greater improvements outcomes 

variables (e.g., weight loss, biomarkers, cognition, etc.) than the SBT group.

3.3 Power Analysis & Sample Size Justification

Previous reports comparing ABT versus SBT effects on weight loss suggest a medium-to-

strong effect of treatment type (d = .43–67).12,13 Sample size for a two-level mixed-effects 

model of repeated weight measures across two groups was estimated using the following 

input parameters: power = 0.80, alpha = 0.05 (two-tailed), four weight time points [Times 0, 

3 6, 12], effect size = 0.5, expected minimum correlation between weight time point ρ = 0.7, 

and total attrition of 30%.55 According to Hedeker and colleagues,55 estimates using the 

above parameters indicated that a sample of 102 participants will be required at baseline (51 

for each group) to test for a constant effect of group across time accounting for attrition.
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4. Discussion

This paper describes the trial methodology for the COSMOS project and presents our 

screening, enrollment, and allocation to treatment rates as well as basic demographic data of 

enrolled participants. To our knowledge, COSMOS will be the first trial to examine 

concurrently how changes in physiological, cognitive, and self-regulatory factors are related 

to weight loss and also to one another before and after two different weight loss treatments: 

SBT vs. ABT. Understanding how these factors work together is clearly needed to optimize 

effective obesity treatment. In so doing, COSMOS will offer three significant innovations 

over previous work.

First, no study has examined multiple indices of biomarkers, cognitive function, and self-

regulation in a comprehensive two-arm study (SBT vs. ABT). We seek to demonstrate that 

baseline obesity-related physiological dysregulation across multiple systems (higher 

glucose, insulin, HbA1c and HOMA-IR levels, elevated SBP and DBP, TNF-α, IL-6, and 

CRP) is linked to cognitive deficits and poor self-regulation by testing multiple physiologic 

indices, measures of cognitive function, and self-report and behavioral measures of self-

regulation (Aim 1).

Second, no RCT has examined whether changes in these factors differ across individuals or 

whether the differential changes are related to one another. We will examine differential 

improvements in biomarkers, cognition, and self-regulation from pre- to post-treatment 

across individuals (Aim 2). These data will provide a better understanding of how physical, 

cognitive, and self-regulatory factors predict success and failure in obesity treatments across 

individuals.

Third, no study has comprehensively examined the potential physiological, cognitive, or 

self-regulatory mechanisms by which ABT promotes greater weight loss than standard 

behavioral therapies (i.e., SBT). Thus, we will evaluate whether the ABT group has greater 

improvements in biomarkers, cognition, self-regulation as well as greater weight loss and 

less weight regain than SBT from baseline to post-treatment and from baseline to follow-up 

(Aim 3).

As described above, the idea of accepting thoughts and urges about food and sedentary 

behaviors instead of using mental energy in trying to change or alter them is one of the 

fundamental differences between ABT and SBTs, particularly because ABTs operate under 

the explicit assumption that persistent efforts to get rid of or change certain internal 

experiences can exacerbate or create additional symptoms or maladaptive behaviors.56 This 

paradoxical effect is empirically supported and well-illustrated using the classic article57 of 

the “white bear effect,” in which participants’ attempts to suppress thoughts about a white 

bear ultimately led to the opposite outcome. This experimental finding has been replicated 

and expanded in the clinical literature, with treatment modalities such as ACT moving away 

from thought restructuring (which favors suppressing an old maladaptive thought in favor of 

a new one) and instead focusing on thought/urge acceptance. These different approaches to 

interacting with thoughts/urges may differentially impact cognitive function and, ultimately, 

self-control. Self-control has long been viewed as a limited resource43,55 that is related to 
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glucose availability or allocation56 and cognitive load. However, recently an alternative view 

suggests that self-control acts more like an aversive emotion state,58,59 which emotional 

regulation strategies in ABTs are well-suited to target. Either view of self-control would 

predict that ABTs and SBTs may have different impacts on physiological, cognitive, and 

self-regulatory domains as they relate to weight loss.

In examining the above questions, COSMOS reflects an initiative to better understand the 

broader construct of behavioral dyscontrol (i.e., poor inhibition and/or behavioral initiation), 

particularly as it relates to eating and physical activity. A parallel literature from the 

substance abuse field suggests that behavioral dyscontrol results from poor regulation of the 

limbic system by the prefrontal cortex and/or potential impaired communication between 

these two regions.60,61 In the case of weight control, the brain’s reward circuitry (e.g., 

motivational drive to eat in the moment) tends to act independently of long-term, goal-

oriented self-regulation (e.g., desire to lose weight and gain health).62 This dual process 

theory suggests that System 1 (automatic, limbic) often supersedes System 2 (rational, 

prefrontal).63

In obesity management, this behavioral dyscontrol and reduced inability of the prefrontal 

cortex to override limbic drives is likely related to the metabolic adaptation that occurs for 

individuals in weight-reduced state.64,65 Specifically, as individuals lose weight, their body 

begins to enact physiological changes to defend their weight set point, such as increases in 

subjective appetite and appetite stimulating hormones (e.g., ghrelin) as well as decreases in 

subjective and hormonal satiety signals (e.g., leptin), energy expenditure, and sympathetic 

tone.64 Thus, the individual who is losing weight is entering a biological state of trying to 

regain weight.65 These biological drives to consume food and conserve energy are occurring 

in an environment where calorie dense foods are still highly accessible and sedentary 

behavior is the norm rather than the exception. Despite this combination of factors that 

promote weight gain, some individuals are able to persist and succeed at long-term weight 

loss.6

One potential reason for long-term weight loss success may be a person’s ability to 

persistently engage in some healthful behaviors (e.g., exercise) and avoid unhealthful 

behavior (e.g., overeating) despite the acute experience of discomfort or reduction in 

pleasure and/or bodily urges/thoughts to do the opposite. As described above, these tenets of 

self-regulation are at the core of the theory underlying ABT for weight loss programs, which 

promote distress/discomfort tolerance, separating a person’s behaviors from automatic 

thoughts or urges, and mindfully focusing on long-term goals. Empirically, ABT’s superior 

performance to SBT on weight loss outcomes in some studies has been shown to be 

mediated through ABT’s promotion of psychological acceptance of food cravings and 

autonomous regulation of health behaviors.12 The COSMOS trial will address whether 

ABTs for weight loss also differentially impact physiological, cognitive, and other self-

regulatory indicators.

In brief summary, our results will provide important data about how impaired physiology, 

cognitive function, and/or self-regulation promote obesity and how different weight loss 

treatments may differentially impact these factors. This information will be used to identify 
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promising cognitive and self-regulatory treatment targets for preventing further obesity 

development and for maintaining weight loss.
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Figure 1. 
The cyclical model of obesity and cognitive function. Adapted from “Body weight and 

neurocognitive function,” by M. A. W. Hawkins and J. Gunstad, 2016, in Eating Disorders 
and Obesity: A Comprehensive Handbook, 3rd edition. New York, NY: Guilford Press. 

Copyright 2017 by The Guilford Press. Adapted with permission.
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Figure 2. 
CONSORT Flow Diagram
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Figure 3. 
Participant timeline for procedures.
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Table 1

Timing of Assessments

Variable Category Specific Measures Baseline
Time 0

Post-Tx
Time 6

Follow-up
Time 12

Demographics or Medical History Age, gender, race, education, WALI • -- --

Obesity Indicator Weight (kg) • • •

Fat mass (kg) • • •

Body fat % • • •

Waist circumference (cm) • • •

Biomarkers Glucose • • •

Insulin • • •

HOMA-IR • • •

Hemoglobin A1C • • •

SBP • • •

DBP • • •

High-sensitivity CRP • • •

TNF-α • -- •

IL-6 • -- •

Cognitive Function NIH Toolbox Cognition Battery (NIHTB-CB) • • •

Self-regulation Brief Self-Control Scale • • •

Effortful Control Scale • • •

Grip strength • • •

Unsolvable puzzle • -- --

Psychosocial Factors ACES, BDI-II, EES, IPAQ, PHMS, PFS • • •

Note. ACES = Adverse Childhood Experience Survey; BDI-II = Beck Depression Inventory-II; DBP = diastolic blood pressure; EES = Emotional 
Eating Questionnaire; HOMA-IR = homeostatic model of insulin resistance; IPAQ = International Physical Activity Questionnaire; PHMS = 
Philadelphia Mindfulness Survey; PFS = Power of Food Scale; SBP = systolic blood pressure; WALI = Weight and Lifestyle Inventory.

Contemp Clin Trials. Author manuscript; available in PMC 2019 September 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hawkins et al. Page 20

Table 2

Baseline Demographics and Adiposity Indices of Enrolled COSMOS Participants

Total Sample
(N = 108)

ABT
(n = 54)

SBT
(n = 54)

Group
Difference

p-value

Age (years) 45.6 ± 11.4 45.6 ± 11.9 45.5 ± 11.0 .987

Gender (Female) 78 (72.2) 39 (72.2) 39 (72.2) 1.0

Race (Non-white) 23 (21.9) 14 (25.9) 9 (17.6) .664

Education (≥ Bachelor’s) 81 (76.4) 40 (74.1) 41 (78.8) .351

BMI (kg/m2) 35.7 ± 5.9 36.2 ± 6.2 35.2 ± 5.6 .404

Weight (kg) 100.6 ± 20.8 101.8 ± 20.7 99.3 ± 21.0 .545

Fat Mass (kg) 41.9 ± 12.5 42.8 ± 13.1 41.0 ± 11.9 .659

Percent Body Fat (%) 41.5 ± 7.2 41.8 ± 7.7 41.2 ± 6.7 .659

Waist Circumference (cm) 107.6 ± 13.1 108.4 ± 12.7 106.7 ±13.5 .495

Note: Continuous variables are reported as mean ± standard deviation and were compared with t-test. Categorical variables are presented as n (%) 
and were compared with Chi-Square Test of Independence. BMI = Body Mass Index.
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