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Abstract

Obesity is associated with a multitude of negative health sequalae. Behavioral weight loss (BWL) 

is currently the recommended behavioral treatment for obesity; however, it is not effective for 

approximately half of the individuals who participate. BWL requires individuals to carry out many 

tasks requiring executive function (EF; i.e., higher order cognitive functions such as planning 

and problem solving) in order to be successful. Growing research supports that lower EF may 

be associated with attenuated weight loss following BWL, and targeting EF in treatment could 

improve outcomes. This paper aims to describe the rationale for the development of Novel 

Executive Function Training for Obesity (NEXT), which adapts Compensatory Cognitive Training 

to be delivered in conjunction with BWL. We summarize evidence relating EF to obesity and 

reduced weight loss following BWL, as well as the past success of cognitive training on EF. Then 

we describe the treatment model for NEXT followed by initial data suggesting that NEXT is 

feasible and acceptable and may impact EF and weight. Obesity treatments incorporating cognitive 

training, especially those that train compensatory strategies, may improve weight-loss outcomes 

and provide a more durable treatment than traditional interventions, but larger randomized control 

trials are necessary.
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1. Introduction

Obesity is a national and global public health crisis: approximately 70% of adults in 

the United States have overweight or obesity and rates continue to rise worldwide.1,2 

Obesity increases risk for >250 comorbidities and associated health consequences, including 

cardiovascular disease, type 2 diabetes, cancer, depression, and poor quality of life.3,4 

Healthcare expenditures for obesity and obesity-related conditions in the United States total 

over $200 billion annually,5 and these costs are projected to rise $48–$66 billion per year 

by 2030.6 Most adults with overweight or obesity in the United States have tried to lose 

weight,7 but few are successful and 80% are unable to maintain weight lost over time.8 

Improvements to current behavioral treatments are imperative to address the widespread 

prevalence, associated comorbidities and economic burden of overweight and obesity.

Currently, the most successful behavioral treatment for obesity is behavioral weight loss 

(BWL), a comprehensive lifestyle-modification treatment aimed at improving nutrition and 

increasing physical activity (PA).9–15 Important tenets of BWL include calorie reduction and 

increased PA, as well as behavioral skills such as self-monitoring, goal setting and stimulus 

control.16 However, BWL is only effective in approximately 50% of adults, and most initial 

responders do not maintain a clinically significant weight loss over time.12–15 This lack of 

clinical response and maintenance suggests that most individuals are unable to implement 

BWL skills and effectively maintain them. Understanding mechanisms related to attenuated 

weight loss following BWL is necessary to identify potential treatment targets that may 

improve outcomes.

Adherence to BWL recommendations requires significant planning, decision making and 

problem solving, all which are executive function-related constructs.17 Executive function 

(EF) broadly refers to cognitive control processes that dictate goal-oriented behavior.18 

There is a growing body of literature supporting an association between EF deficits and 

overweight and obesity, although there still remain gaps in understanding the nature and 

directionality of this relationship and if associations apply to EF broadly or are domain-

specific.19,20 EF is important for implementing BWL skills, including self-monitoring, 

planning ahead, suppressing undesirable behavior and creating alternatives, all of which 

are implicated in maintaining a healthy weight.21–23 Thus, it is logical that lower EF may 

contribute to reduced weight loss in BWL and represents a potential mechanism to target in 

treatment.

Currently the role of EF in weight loss is emerging in the literature. This paper describes 

the development of a new treatment that aims to improve EF, which has the potential to 

result in better weight-loss outcomes. The goal of this paper is to describe the rationale for 

the development of Novel Executive Function Training for Obesity (NEXT), an adaptation 

of Compensatory Cognitive Training24,25 delivered in conjunction with BWL, and provide 

initial pilot data from NEXT. To do so, we examine the literature on the relationships 

between EF and other cognitive mechanisms with obesity and obesity-related behaviors. We 

also summarize the literature that evaluates the role of EF on weight-related outcomes in 

the context of weight-loss interventions. Additionally, we summarize treatments designed 

to target EF and other cognitive functions, including preliminary research on use of these 
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treatments to modify eating behavior and/or weight. As several meta-analyses and reviews 

already exist,19–21 the purpose of this paper is not to duplicate these efforts, but rather to 

summarize these findings to demonstrate the research that influenced the development of our 

treatment model. Accordingly, we briefly discuss our model for incorporating strategies for 

compensating for cognitive limitations as part of BWL to improve weight-loss outcomes. 

Finally, we provide preliminary feasibility and acceptability data from the initial pilot 

study of NEXT, our treatment targeting EF as a mechanism for weight loss, and discuss 

implications for future research.

2. Theoretical Basis and Associations Between Executive Function, 

Obesity & Obesity-Related Behaviors

2.1 Self-Regulation, Executive Function, and Obesity

According to the dual-process theory of behavior, self-regulation is carried out by balancing 

two competing systems: the executive and the impulsive.26,27 Bottom-up, reward-driven 

impulses (i.e., the consumption of palatable foods) are in conflict with top-down cognitive 

control processes (planning ahead, delaying gratification, etc.). Both strong internal drives 

and external obesogenic factors must be overcome by self-regulatory mechanisms to 

balance the competing systems and remain persistent in long-term health goals.26,28,29 

Many conclude that EF underlies successful self-regulation and is also responsible for the 

failure of self-regulation in tempting environments.23 Thus, when hedonic impulses are not 

sufficiently regulated or suppressed by EF, overeating and ultimately weight gain result.23,28

There is a broad consensus in the literature that the three major domains of EF are 

working memory (WM), inhibition, and cognitive flexibility (see Table 1 for definitions 

of EF domains and EF-related constructs), all of which play important roles in energy 

balance-related behaviors.18,23,30–34 From the three core EFs, higher-order EFs are built, 

which include reasoning, problem solving and planning, which also play important roles in 

self-regulation through learning, decision-making, and adaptation (see Table 1 for examples 

of relation to weight management).35,36 From a dual-systems perspective, it follows that 

strengthening EF skills and therefore self-regulatory abilities would increase capacity to 

override impulsive and automatic behavior to tip the balance between the two competing 

systems and generate weight loss.26,28

EF skills are required for successful adherence to BWL program recommendations (see 

Table 1). For example, the self-monitoring component alone requires: 1) remembering to 

self-monitor; 2) being able to obtain the information (i.e., look up the calorie information or 

make estimates from information available); 3) recording the information in a consistent 

manner. To self-monitor consistently involves the use of memory, organization, and 

planning. Reducing calories involves self-monitoring as well as planning meals in advance, 

problem solving challenging situations, and resisting temptations; these behaviors involve 

the EF skills of planning, problem solving and inhibition. Contextual factors such as 

socioeconomic status (SES) can impact one’s ability to engage in self-regulatory behavior 

when financial resources and time are constrained.37 Given that individuals with lower 

SES may be at greater risk for overweight or obesity,38,39 it is important that these factors 
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are taken into consideration. Taken together, BWL programs require well-developed facets 

of EF and constrained resources may further impact one’s ability to adhere to program 

recommendations.

2.2 Cross-Sectional Associations between Executive Function, Obesity & Obesity-
Related Behaviors

Several review papers and meta-analyses suggest growing support for associations between 

lower EF and obesity.17,19,20,43–45 The relationship between lower EF and obesity is 

evident throughout the lifespan with findings stemming from research conducted among 

children through older adults.17,20,43 A review of primarily cross-sectional studies between 

cognitive function and obesity across the lifespan shows a strong negative association 

between EF and obesity from childhood through old age, independent of other factors.17 

Research suggests that individuals with obesity demonstrate difficulties across numerous 

EF-related constructs, including worse performance on measures of decision-making,46–48 

set-shifting,49,50 planning,44 inhibition,17,28 fluency,17 and WM.51 Altogether, evidence 

suggests there is a strong relation between EF and weight status with lower EF found 

among individuals with higher weight. It is important to note that while EF is lower among 

individuals with overweight or obesity and clinically impacts behaviors, the deficiency 

is subtle enough and likely modifiable in comparison to the severe impairment found in 

neurological disorders such as Alzheimer’s Disease.52

There is also evidence that EF is associated with energy balance-related behaviors such 

as eating and PA, which underlie weight status. A review of EF and eating behavior 

shows that facets of EF (WM, inhibitory control, and cognitive flexibility) are related to 

successful self-regulation of eating behavior.21 Several studies show that lower EF is related 

to overeating,33,53 increased consumption of high-fat foods,54,55 increased snacking,56 and 

poorer diet.23,57 Conversely, several studies, including one meta-analysis, show that stronger 

EF is positively related to fruit and vegetable consumption56 and greater consumption 

of low energy-dense foods in the lab.58 Relatedly, increased self-reported levels of PA 

are associated cross-sectionally with stronger EF among university students59,60 and older 

adults.61,62 In sum, cross-sectional studies demonstrate an association between EF and 

obesity and obesity-related behaviors. This evidence suggests even mildly lower levels of EF 

can limit one’s ability to make healthy choices, resulting in overeating, weight gain and the 

maintenance of unhealthy lifestyle behaviors.52

2.3 Longitudinal Associations between Executive Function, Obesity & Obesity-Related 
Behaviors

Although fewer studies have examined the longitudinal relationship between EF and obesity, 

data suggest initial performance on measures of EF predicts weight-loss treatment outcomes 

in both children and adults.28,63,64 In adults with obesity, WM and inhibitory control 

predict greater weight loss in both a multidisciplinary weight-loss program28 and a pre-

operative bariatric surgery sample.65 In a separate bariatric surgery sample, baseline scores 

of attention and EF predicted weight loss at 12-month follow-up in adults with obesity who 

underwent bariatric surgery,64 and these improvements on measures of EF were seen and 

persisted for up to 36 months post-surgery.66 Baseline levels of EF predicted weight loss and 
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PA in a lifestyle modification treatment, suggesting that EF is a determining factor in how 

difficult or feasible it is for adults to change their behavior.67 Among parents participating in 

a family-based behavioral weight loss program, there was a reciprocal relationship between 

BMI and EF as time-varying effects of EF predicted change in parent BMI and vice 

versa.68 Relatedly, a few studies also found poorer EF resulted in less weight-loss following 

intervention among children participating in an 8-week BWL program,69 adults in both 

BWL and an acceptance-based behavioral weight-loss program70 and adults enrolled in a 

medically supervised weight loss program.71 Accordingly, this body of literature supports 

the concept that EF skills are important for weight loss and maintenance.

Although the literature suggests EF skills are important for weight loss, it is also possible 

that weight loss is related to changes in EF, as demonstrated in the bariatric surgery 

sample.66 Furthermore, a meta-analysis of weight-loss interventions shows associations 

between weight loss and significant improvements across cognitive domains including 

attention and memory.72 Recent reviews of the relationship between obesity and EF suggest 

the relationship between the two could be bidirectional, as there is evidence for both poor EF 

leading to increased weight and increased weight resulting in poorer EF.17,20,73 Similarly, 

the literature supports a bi-directional relationship between diet and PA and EF.17,62,73–78 

It is theorized that a positive feedback loop exists between EF and obesogenic behaviors, 

so that behavior change-induced improvements in EF influence the frequency of future 

health-promotion behaviors, which in turn sustain both a high level of EF and good health.73 

Taken together, these findings suggest not only that EF skills are helpful in maximizing 

weight-loss outcomes, but also that EF skills are not static and can possibly be improved.

In summary, individuals with overweight or obesity are more likely to have lower EF, and 

EF plays an important role in carrying out and maintaining healthy lifestyle behaviors such 

as healthy eating and PA. Impaired neurocognitive mechanisms involved in EF may make it 

difficult for individuals to adhere to a treatment regimen, carry out the recommendations of 

BWL, and maintain behavior changes over time. For individuals who have lower EF, calling 

upon their own EF abilities is not sufficient, and they may need support in remembering 

what they need to do to adhere to the program, to be more organized, and/or to plan ahead 

more effectively. Thus, EF is a promising target in weight-loss treatment that could improve 

treatment adherence, success, and maintenance.

3. Cognitive Training

Cognitive training is a psychosocial intervention that teaches theoretically derived skills 

to optimize cognitive functioning.79 Cognitive training is employed as a stand-alone 

intervention or in conjunction with other psychiatric rehabilitation components such as 

in several cognitive remediation programs.80 Interventions may address one domain of 

cognition, such as WM training, or EF more broadly by addressing multiple domains. The 

majority of cognitive training programs, including cognitive remediation programs and drill 

and practice models, aim to improve cognitive performance directly, while Compensatory 

Cognitive Training programs aim to teach skills to compensate for and work around the 

deficits (like using a support to aid walking). Cognitive training was first developed to 

rehabilitate individuals with neurological injury or disease, with a goal of restoring previous 
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neurological functioning.81 Computerized cognitive training programs typically employ a 

drill and practice model where tasks or exercises are repeated at a prescribed frequency 

to train specific cognitive functions. For example, inhibitory control is typically trained 

through a go/no-go task where individuals practice inhibiting their response to certain 

stimuli by pressing or not pressing a key on a keyboard.82 Computerized cognitive training 

approaches improve cognitive function across healthy aging adults,83 individuals with 

schizophrenia,84–86 and older adults with mild cognitive impairment;87 however, functional 

gains are limited with computerized cognitive training alone.88 In-person cognitive trainings 

such as cognitive remediation, a form of cognitive training with the goal of durability and 

generalization, improve cognitive functioning and quality of life in both healthy populations 

and populations with cognitive impairment.80,89–93

3.1 Computerized Cognitive Training for Eating and Weight Change

Computerized cognitive training programs typically target inhibitory control or attention 

to change behavior. Inhibitory control training (ICT) programs have been applied to 

populations with overweight and obesity with the goal of improving inhibitory control 

capacity to suppress reward-driven behavior.94,95 ICT paradigms reduce food intake, 

facilitate short-term weight loss, and reduce impulsive eating.96–100 Attentional Bias 

Modification Programs (ABM) have been developed to train attention away from unhealthy 

food cues and towards healthy food cues or neutral non-food cues.101 ABM reduces 

food intake,102,103 increases healthier snack choices,104 and shows potential for decreasing 

weight and reducing binge eating.101However, some more recent studies fail to demonstrate 

an effect.105,106 Approach and avoidance training (AAT) is a bias training that shows 

promise in the domain of alcohol dependency that has been applied to eating behavior 

with mixed success.107–110 AAT has been compared to ICT and both had the same 

effects on influencing food choices.111 Daily WM training reduced emotional eating and 

eating psychopathology thoughts, although no changes in weight occurred.112 One study 

found improvements in WM, meta-cognition and weight loss maintenance outcomes in 

children,113 while another found improvements in WM and short-term eating behavior in 

adults, but no longer-term effects on BMI.114 In sum, even though many computerized 

cognitive trainings demonstrate effects on eating behavior in lab-based tasks, reviews and 

meta-analyses suggest few studies examine behavior change outside of the lab, most fail to 

include a control group, and many focus on healthy weight samples, calling into question the 

generalizability of findings.94,109,110

3.2 Cognitive Remediation Therapy for Eating and Weight Change

Emerging research suggests cognitive training can be applied in a longer form non-

computerized intervention to change eating behavior. Cognitive remediation as described 

above was adapted manualized to form Cognitive Remediation Therapy for Obesity (CRT-

O), which focuses on changing thinking styles and relationships with food to improve EF 

and adherence to a weight-loss program. In this study, participants received three sessions of 

BWL and then were randomized to 4–6 weeks of CRT-O or a no-treatment control group.115 

Results from the study suggest CRT-O delivered after BWL, compared to no additional 

treatment after BWL, improved performance on measures of cognitive flexibility, resulted 
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in greater weight loss and decreased binge eating. Further, cognitive flexibility mediated the 

effect of CRT-O on reduction of unhealthy eating and sedentary behavior habits.116

In summary, cognitive training has demonstrated efficacy in improving domains of EF 

and has shown preliminary efficacy in changing eating and weight behaviors. Although 

findings in the lab are promising, computerized cognitive training approaches may be less 

generalizable to real world settings to influence long-term weight change than manualized 

trainings delivered in-person.

3.3 Compensatory Cognitive Training in Non-Eating/Weight Contexts

In contrast to the drill and practice model of training, Compensatory Cognitive Training 

(CCT) is a form of cognitive training delivered in-person that teaches skills to compensate 

for and work around cognitive deficits.90,117 CCT and Cognitive Symptom Management and 

Rehabilitation Therapy (CogSMART) are manualized interventions teaching compensatory 

strategies to improve EF and other cognitive domains, and are effective for individuals with 

a history of TBI or serious mental illness.91,92,118,119 These interventions teach internal 

strategies, such as organization of information through categorization, or external strategies, 

such as developing associations with environmental cues, and relying on tools such as 

calendars, agendas, and notebooks.117 The sessions incorporate both skill learning and 

practice, with an emphasis on practice time and the goal of turning skills into habits that 

can be applied in the real world. In between sessions, homework is assigned to encourage 

skill use in daily life.117 CCT focuses on habit learning related to these new cognitive 

strategies (e.g., calendar use). Training helps participants develop these cognitive habits by 

using internal and external cues and routine, such as linking a new behavior to a routine 

behavior to form new cues and associations. For example, pairing checking the calendar 

with eating breakfast allows eating breakfast to become a cue for checking the calendar. 

Initially, additional supports such as sticky notes and alarms are encouraged to cue the new 

behavior until the habit is established. Furthermore, strategies on how to more effectively 

use the calendar are taught (e.g., breaking up larger tasks into smaller individual tasks) such 

that they rely less on EF to be accomplished successfully. The interventions are practical and 

deliverable in a variety of settings without requiring extensive clinician training.92 Besides 

improving EF, functional outcomes such as quality of life and psychosocial functioning are 

improved in individuals with schizophrenia and TBI.80,92,118 Although these populations 

have more severe impairments in EF than do adults with obesity, these data suggest that 

cognitive training can target EF as a mechanism during treatment, supporting its adaptation 

for adults with obesity. Past research suggests teaching strategies to compensate for more 

subtle EF deficiencies may be an effective approach to improve weight-loss outcomes.52 

Thus, modifying and applying CCT/CogSMART to circumvent EF difficulties found in 

individuals with overweight or obesity in conjunction with a BWL program is a novel 

approach that could improve treatment adherence, weight loss, and maintenance outcomes.
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4. A Novel Approach Teaching Compensatory Strategies to Improve 

Eating and Decrease Weight

Given the lack of generalizability of behavior change from drill-and-training models and 

the success of CCT at modifying EF among other populations, we developed a Novel 

Executive Function Training (NEXT) for weight loss by adapting CCT/CogSMART to 

be delivered to treatment-seeking adults with overweight or obesity and EF deficits in 

conjunction with BWL. Given the difficulty of consistent adherence to BWL programs, we 

felt the evidence-based strategies from CCT/CogSMART could be applied to increase the 

habitual nature of behaviors required for success in BWL. The model for the treatment 

posits that success in BWL is tied to 1) attending treatment; 2) self-monitoring or tracking 

behaviors; 3) healthy eating; 4) PA; 5) maintaining a healthy home. Additionally, EF/EF-

related domains essential for success in these areas include 1) prospective memory; 2) 

cognitive flexibility; 3) organization; 4) planning; 5) problem solving and 6) decision 

making. NEXT adapts skills from evidence-based CCT/CogSMART programs, applies 

them to BWL tenets, and trains these skills in weekly group sessions in conjunction with 

standard BWL. While some of the cognitive skills and strategies from CCT/CogSMART 

may overlap with those discussed in BWL, greater detail surrounding how to use these 

skills is provided in NEXT. A major difference is that NEXT teaches and provides much 

greater focus on how to use the skills and strategies that support the BWL tenets like 

calorie restriction. Additionally, time during each session is dedicated toward practicing 

and planning to incorporate these cognitive strategies. Accordingly, there is much more 

focus on experiential learning in session. For example, a typical BWL program might 

suggest participants schedule in PA to increase likelihood of exercising, and they must figure 

out how to effectively schedule in PA on their own. For individuals with lower EF, the 

suggestion alone to schedule in PA is often not sufficient and does not lead to the creation 

of routines and long-lasting habits. In contrast, during NEXT, these CCT strategies are 

routinely taught as part of the manualized curriculum so participants understand the most 

effective ways to use the strategy. Dedicated time during sessions is allocated to having 

participants practice implementing these strategies so participants are confident in their 

ability to use the strategies outside of group. For example, in NEXT participants are taught 

the benefits of calendar use as well as tips about how to increase the effectiveness of using 

a calendar. In the first week, participants are encouraged to select a calendar they are willing 

to carry with them daily. Time during each session is then dedicated to utilizing the calendar 

to schedule in time to practice strategies or schedule activities to help achieve weight loss 

goals (like scheduling in PA for the upcoming week). Participants are also taught to use their 

calendar to support all of the steps required to complete the PA. For example, they may put 

a note in their calendar the day before to put workout clothes in their car the night before. 

Table 2 shows additional details of how the CCT strategies support the BWL elements.

NEXT combines CCT with BWL. The CCT elements focus more on providing specific 

strategies that are designed help increase the frequency of desired behaviors and decrease 

the frequency of undesired behaviors for weight loss. The strategies help participants take 

the maximum advantage of the BWL content and provide the support needed to use the 

skills taught in BWL. There is a strong emphasis in the sessions on skill practice to increase 
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the likelihood of implementation and to facilitate habit formation. NEXT supports the 

development of habits and routines for the behaviors needed to be maintained for success in 

BWL by working to automate these routines, reducing the cognitive load on the individual.

5. Feasibility and Acceptability of NEXT

We conducted an open-label pilot trial of NEXT (CCT+BWL), combining the cognitive 

skills most relevant for adhering to a weight-loss program with the traditional lifestyle 

modification recommendations of BWL. The purpose of the open-label pilot was to ensure 

the feasibility and acceptability of NEXT and to obtain stakeholder feedback to help refine 

treatment development.

5.1 Methods of Pilot Trial

5.1.1 Participants—Participants were recruited from a variety of sources including 

physician referrals, ResearchMatch (researchmatch.org; a recruitment tool that connects 

volunteers with researchers), and emails to listservs (e.g., university staff). Inclusion criteria 

were: 1) adults aged 18–60 years; 2) body mass index (BMI) >25 and ≤45 kg/m2; 3) able 

to read English at a 6th grade level and 4) self-reported EF difficulties on a questionnaire 

created for the study. Exclusion criteria were: 1) medical condition that requires physician 

monitoring to participate in a weight control program or prohibits safely participating in 

recommended PA; 2) psychiatric condition that could interfere with program participation 

(e.g., acute suicidality; active psychosis); 3) pregnant or lactating; 4) enrolled in another 

organized weight control program; 5) change in medication that could influence weight 

in the previous three months; 6) history of bariatric surgery; and 7) history of a learning 

disorder, neurological condition or brain injury resulting in loss of consciousness for >30 

minutes.

5.1.2 Procedures—Participants completed baseline assessments to verify inclusion 

criteria and provide baseline measurements. Following the final treatment group, participants 

completed a post-treatment assessment. Assessments included anthropometric data, surveys 

(including acceptability at post-treatment), and EF tasks. Height was taken in triplicate 

using a wall-mounted Seca 222 stadiometer by trained research assistants with the average 

of all three values used as height throughout the study. Weight was taken in duplicate 

on a digital Tanita scale at each assessment by trained research assistants. EF was 

assessed by the NIH Examiner,120 an evidence-based battery across multiple EF domains, 

four subtests of the Delis-Kaplan Executive Function System (D-KEFS;121 Color Word 

Interference [Inhibition], Trail Making Test [working memory; cognitive flexibility], Tower 

Test [planning & problem solving], and Design Fluency [fluency]), and via self-report 

by the Behavior Rating Inventory of Executive Function (BRIEF).122 Participants were 

compensated $25 for completion of the baseline assessment and $50 for completion of the 

post-treatment assessment. All participants provided informed consent and the University of 

California San Diego Institutional Review Board approved all procedures.

5.1.3 Treatment—NEXT treatment consisted of 12, 75-minute group sessions over 

12 weeks. Each group session started with conducting individual weekly weighing of 
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participants followed by a weekly check-in to answer any questions about the previous 

week’s materials, evaluate skill usage, and facilitate overcoming barriers to skill usage. 

For the remainder of each session, new BWL content and adapted CCT skills were taught 

and time during group was allotted to complete exercises to practice new skills. NEXT 

taught CCT skills concurrently with BWL content in each session so that the cognitive 

skills would help participants carry out the standard BWL program recommendations. 

The BWL content was based on empirically supported BWL programs focused on calorie 

reduction and increasing physical and lifestyle activity.9–11,16 Participants were encouraged 

to self-monitor their food intake and PA daily. Participants were encouraged to self-monitor 

with the method they would use most frequently. Participants were provided a paper diary. 

For those interested in using an app, Myfitnesspal was recommended by the study team but 

participants were able to use any app they wished if they preferred a different one. Unlike 

in a standard BWL program, to improve rates of self-monitoring and encourage mastery, 

participants were encouraged to increase their tracking throughout the program. For the first 

cohort, participants were encouraged to add a meal each week to their tracking (start with 

dinner, then lunch & dinner) and then slowly start aiming for specific calorie ranges at each 

meal. Following feedback to introduce calories earlier, for the second cohort, participants 

were encouraged to track dinner the first week, then track dinner and aim for a specific 

calorie range at dinner, while also introducing tracking lunch the second week, slowly 

adding more meals and calorie goals each week. Each week, participants were provided 

their calorie range for weight loss, which was derived by multiplying their current weight in 

pounds by 12 and subtracting 500 and 1000. Males were instructed never to go below 1500 

calories and females never to go below 1200 calories. Participants were instructed to use this 

daily range to set a specific target for each meal and snack.

5.2 Participant Characteristics

The sample included 19 participants from two cohorts of 10 and 9 participants. The sample 

was mostly female (n = 17; 89.5% female). Race/Ethnicity was self-reported and a slight 

majority of the sample identified as non-Hispanic White (n = 11; 57.9% non-Hispanic 

White, n = 5; 26.3% Hispanic). Participants ranged in age from 18–60 years (M = 48.11; SD 

= 11.54) and 14 (73.7%) had a starting BMI in the obesity range (>30kg/m2; M = 33.2; SD = 

5.1). Just over half the sample reported an income >$60,000 (n=11; 57.9%).

5.3 Feasibility & Acceptability of NEXT+BWL

Feasibility was assessed by the number of participants who were retained for the post-

treatment assessment as well as attendance rates in treatment. Sixteen participants (84%) 

completed the post-treatment assessment. Nearly 75% of participants completed at least 

50% of treatment sessions (n = 14; 74%) and over half completed at least 75% of the 

sessions (n = 11; 58%). The average number of sessions attended by all participants was 8 

sessions (SD = 3.4).

Acceptability was assessed as part of a survey administered at the post-treatment assessment. 

Participants responded to several questions on a Likert scale with responses ranging from 

strongly disagree to strongly agree. Most participants (13/16; 81%) agreed or strongly 

agreed that they “enjoyed the NEXT program overall”. Most participants (11/15; 73%) 
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agreed or strongly agreed that they would likely “refer someone to the NEXT program”. 

Most participants (12/16; 75%) agreed or strongly agreed that “the cognitive strategies 

taught in the NEXT program were useful for weight loss success.”

5.4 Preliminary Efficacy

We also explored preliminary efficacy of the treatment by descriptively evaluating the 

change in BMI and percent weight change for participants from baseline to post-treatment. 

Change in BMI ranged from −2.5 to +1.0 (M = −0.54; SD = 1.18) and percent weight 

change ranged from −8% to 3% (M = −1%; SD = 3%). Additionally, we descriptively 

evaluated the changes of the scores on EF measures (see Table 2). Effect sizes for several 

tasks suggested a small effect on EF. Change in BMI was not correlated with change in EF 

(p’s>.05; see Table 3)

6. Summary and Conclusions

Taken together, a breadth of research suggests that executive dysfunction can contribute 

to attenuated weight loss following BWL among individuals with overweight or obesity. 

Cognitive training approaches have been successfully applied to improve or compensate 

for lower EF in other conditions. Preliminary efforts to apply cognitive training to weight 

and eating behavior have been successful although the majority using drill-and-training 

approaches do not appear to generalize outside of the laboratory. We have created NEXT 

by adapting CCT/CogSMART and combining it with BWL. In our initial piloting of a brief 

12-week intervention, as hypothesized our data show NEXT is feasible and acceptable. 

We descriptively explored change in weight and EF; however, given that these results are 

from an open-label pilot without a control group, these findings should be interpreted with 

caution. On average, BMI decreased and EF improved. Although weight change was lower 

than that reported in previous research following 12 weeks of lifestyle intervention,123,124 

NEXT takes a slower approach to initial weight loss and aims to break down the intervention 

to help encourage mastery of one step at a time. For example, in typical BWL programs, 

a calorie deficit range is provided at the second session. In NEXT, the full day calorie 

range wasn’t introduced until session 9 in cohort 1 and session 5 in cohort 2. Thus, it 

was expected weight loss would be lower than other 12 week BWL approaches. The slow 

approach to weight loss in NEXT was intentional to avoid the rebound effect typically seen 

in BWL approaches.9,123,125–128 It is difficult to know whether the expected change in EF 

is above that expected from repeated assessment without a true randomized control trial; 

but the findings are promising as some of the effect sizes are in the medium range and are 

comparable to a previous 12-week CogSMART program.91 Our effect sizes were smaller 

than the CRT-O study that had 11 sessions in 7–9 weeks and found large effect sizes for 

the two reported measures of EF.115 However, EF measures have a lot of heterogeneity 

and all studies utilized different measures so it hard to make direct comparisons. NEXT 

demonstrated feasibility and acceptability, meeting the recommendations of what is to 

be explored in a pilot study.129 No follow-up was conducted in our pilot study but it 

is hypothesized that the slow and steady approach of NEXT may improve weight-loss 

maintenance. Further, considering NEXT was only 12 weeks long when most treatments last 

at least 6 months, NEXT warrants further study through longer randomized controlled trials 
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with follow-ups to understand long-term weight and EF impact and to properly evaluate 

efficacy. Future research should continue to evaluate the ability of cognitive training to 

improve weight-loss outcomes and overall executive function.
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Highlights

• Executive function (EF) may be associated with lower weight loss

• Compensatory Cognitive Training (CCT) teaches compensatory skills for EF 

deficits

• We developed Novel Executive Function Training for Obesity (NEXT) from a 

CCT

• NEXT (CCT + behavioral weight loss) is acceptable and feasible and may 

improve outcomes

• Incorporating CCT with obesity treatment may improve weight loss.
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Table 1.

EF and EF-related constructs and their relation to weight management and BWL skills

Construct Description Example of relation to weight management

Core Executive Functions

Working memory The ability to hold information in mind and manipulate 
it35

Keeping long term health goals in working memory when 
selecting foods to eat in the moment (so that you are more 
likely to make healthier choices)

Inhibition The ability to control impulses/thoughts/behaviors to 
override habits or internal dispositions to do what is more 
appropriate in the given situation35

Inhibiting the urge to eat donuts that are in the break room

Cognitive 
flexibility

The ability to change perspectives and consider alternate 
solutions to a problem35 (also known as set-shifting)

Thinking flexibly about solutions for high-risk eating 
situations

Related Executive Functions

Reasoning The ability to think logically and solve novel problems; 
decision-making40

Evaluating and choosing which solution will work best for 
a given high-risk situation

Problem solving The ability to describe the parameters of a situation, call 
upon relevant experience, select a solution, and plan a 
sequence of behavior41

Identifying solutions that will work in future high-risk 
situations; anticipating and dealing with barriers

Planning The ability to devise a sequence of behaviors needed to 
meet a goal19

Meal planning; planning PA in advance; planning ahead for 
future high-risk situations

Prospective 
Memory

The ability to remember to do things in the future Remembering to self-monitor, weigh weekly, and schedule 
in PA

Organization The ability to maintain order both physically in your 
surroundings and cognitively to help achieve goal-
directed action

Organizing the kitchen to promote eating more fruits and 
vegetables; system to store meal plans

Attention The ability of certain stimuli to capture attention42 Attending to healthy food choices rather than the high-
calorie food cues in the environment

Fluency The ability to generate a variety of ideas or responses Generate a variety of ideas to use while planning for high-
risk situations
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Table 2:

CCT Strategies that Support BWL in NEXT

BWL Tenet CCT Supportive Strategies and Formalized 
Didactics

In-Session Practice

Attending Group 
Treatment

Calendar use starting with tips on how to effectively 
use and regularly check calendar, alarms, developing 
routines, prioritization and time management

Writing Sessions in Calendar on Day 1; Identifying barriers and 
coming up with plans to allow for attendance; time spent in 
session identifying priorities related to weight loss and plans to 
limit time wasters

Self-Monitoring Routines, alarms, calendar use, SMART goals, 
benefits of daily and weekly planning sessions to 
evaluate progress

Setting alarms and reminders; scheduling time in calendar to 
track; setting SMART goals around frequency of tracking

Healthy Eating/
Calorie Restriction

Set calorie goal for each meal, holding a weekly 
planning session and linking meal planning with 
weekly planning session, creating lists, calendar use 
to incorporate grocery shopping & meal prep time, 
planning ahead and problem solving, using self-talk 
while problem solving, routine formation around 
meal planning and preparation

Time to develop personalized goal for calories at each meal and 
snack each week; practice meal planning in session; calendar 
exercise to schedule in grocery shopping and meal prep time; 
in-session activity to create routines around meal prepping and 
planning

Increasing 
Physical Activity

Calendar use, the benefits of routines and how 
to establish them, problem solving barriers, 
prioritization

Time spent scheduling PA in calendar; scheduling & planning 
reminders to stick to schedule; problem solving exercise to look 
at barriers; exercise to develop routines around PA

Maintaining a 
Healthy Home/
Stimulus Control

Calendar use, creating lists, linking tasks, self-talk, 
organizing environment to facilitate healthy habits

Time spent in session planning on how to organize 
environment; scheduling in time to make grocery lists during 
weekly planning and sticking to list while shopping (using self-
talk)
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Table 3:

Change in EF Measures following NEXT treatment

Executive Function Outcome
Change in EF 
outcome

SD of Change 
Score Effect Size

Pearson Correlation with 
BMI Change

NIH EXAMINER

Executive Composite Score 0.09 0.26 0.34 −0.05; p=0.86

Fluency Factor Score 0.11 0.35 0.33 0.18; p=0.49

Cognitive Control Factor Score 0.18 0.26 0.70 0.11; p=0.70

BRIEF 
a 

Global Executive Composite −0.94 7.57 −0.12 0.18; p=0.50

Behavioral Regulation Index 0.00 8.18 0.00 0.20; p=0.46

Metacognition Index −1.50 6.82 −0.22 0.16; p=0.55

Inhibit Scale −0.13 5.74 −0.02 0.39; p=0.15

Shift Scale 0.13 9.67 0.01 −0.08; p=0.75

Emotional Control Scale 0.94 8.24 0.11 0.13; p=0.62

Self-Monitor Scale −1.38 7.33 −0.19 0.38; p=0.15

Initiate Scale −1.63 7.00 −0.23 0.19; p=0.48

Working Memory Scale −0.63 9.22 −0.07 −0.01; p=0.97

Plan/Organize Scale −0.13 9.69 −0.01 0.25; p=0.35

Task Monitor Scale −2.75 9.33 −0.29 −0.11; p=0.68

Organization of Materials Scale −1.69 5.57 −0.30 0.08; p=0.76

D-KEFS

Trail Making Test – Condition 4: Number-
Letter Switching Scaled Score −0.27 1.28 −0.21 −0.26; p=0.34

Design Fluency Composite Scaled Score 0.80 2.81 0.28 −0.09; p=0.74

Color Word Interference – Condition 4: 
Inhibition/Switching 0.53 1.19 0.45 0.39; p=0.15

Tower Test Total Achievement Scaled Score 1.86 2.60 0.71 0.44; p=0.12

Note: BRIEF = Behavior Rating Inventory of Executive Function; D-KEFS = Delis-Kaplan Executive Function System.

a
Higher scores on the BRIEF represent greater impairment so negative numbers indicate improvement in EF
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