
REGULAR ARTICLE

Executive Functioning as a Predictor of Weight Loss and Physical 
Activity Outcomes

Meghan L. Butryn, PhD • Mary K. Martinelli, MA • Jocelyn E. Remmert, MS • Savannah R. Roberts, BS •  
Fengqing Zhang, PhD • Evan M. Forman, PhD • Stephanie M. Manasse, PhD

Published online: 25 January 2019
© Society of Behavioral Medicine 2019. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Abstract
Background Executive functioning, which is fundamental 
for carrying out goal-directed behaviors, may be an 
underappreciated predictor of outcomes in lifestyle 
modification programs for adults with obesity.
Purpose This study tested the hypotheses that higher 
levels of baseline executive functioning would predict 
greater weight loss and physical activity after 6 months 
of behavioral treatment.
Methods Participants (N = 320) were recruited from the 
community and provided with 16 treatment sessions. 
Executive functioning was measured with the tower task 
component of the Delis-Kaplan Executive Function 
System (D-KEFS). At months 0 and 6, weight was 
measured in the clinic and physical activity was measured 
with tri-axial accelerometers.
Results Baseline D-KEFS achievement score, rule 
violations, and completion time significantly predicted 
weight loss at 6  months. For example, among 
participants without any rule violations (n = 162), weight 
loss averaged 11.0%, while those with rule violations 
(n  =  158) averaged 8.7% weight loss. Rule violations 
also significantly predicted physical activity at 6 months. 
Among participants without any rule violations, physical 
activity at 6  months averaged 169.8  min/week, versus 
127.2 min/week among those with rule violations.
Conclusions Particular aspects of executive functioning 
may predict the relative ease or difficulty of changing 
eating and exercise-related behaviors, albeit with small 
effect sizes. This study is the first to our knowledge to 
detect a predictive relationship between components of 
executive functioning and objectively measured physical 
activity in adult lifestyle modification, and one of the 

first to predict weight loss in adults using an objective 
measure of executive functioning.
ClinicalTrials.gov registration number NCT02363010

Keywords  Obesity • Behavioral weight loss • Executive 
function • Neuropsychology

Introduction

Lifestyle modification is recommended as a first line of 
intervention for individuals with obesity, but changing 
diet and exercise behaviors is quite challenging [1, 2]. 
More research is needed to identify factors that facilitate 
or hinder weight-related behavior change. A  growing 
body of literature suggests that a subset of top–down 
cognitive processes, known as executive functions, 
are implicated in the development and maintenance 
of obesity. These higher-level cognitive processes are 
critical for regulating behavior [3], and include planning, 
working memory, attention, and inhibitory control [4, 5]. 
In the modern environment, highly palatable foods are 
omnipresent and sedentary lifestyles are common (i.e., 
transportation, occupation, leisure, and food acquisition 
typically require little physical activity). As such, weight 
regulation may be challenging if  an individual has 
weaknesses in executive functioning. For example, to 
limit calorie intake, an individual may need to regularly 
enact inhibitory control by refraining from eating good-
tasting foods that are available. To achieve adequate 
energy expenditure, an individual may regularly need 
to create opportunities (e.g., plan) for physical activity. 
Attention and working memory are likely required to 
keep one’s eating and physical activity goals in mind.

Cross-sectional findings suggest that, compared 
to normal weight controls, individuals with obesity 
demonstrate poorer performance on a range of executive 
functioning tasks [6–9]. Longitudinal studies have 
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detected a bidirectional relationship between obesity 
and executive functioning, with poor executive function 
representing both a risk factor and a consequence 
of obesity [10]. There also is evidence that executive 
functioning improves following weight loss [11], 
suggesting that weight loss may have cognitive benefits.

Executive functioning facilitates self-control and 
is fundamental for planning and carrying out goal-
directed behaviors [12]. As such, it is likely that 
executive functioning is a key factor in determining 
how challenging or feasible it is to make changes in diet 
or physical activity. Lifestyle modification programs 
typically recommend that participants self-monitor their 
food intake (requiring attention and working memory), 
select and prepare healthy foods that are consistent with a 
calorie goal (requiring planning and inhibitory control), 
and make time to engage in aerobic exercise (requiring 
planning and problem solving).

A growing body of  literature has examined executive 
functioning as a prospective predictor of  weight loss 
outcomes, but important gaps in this research remain. 
Some of  this research has been conducted with children 
and adolescents [13–15], who may differ from adults in 
developmentally important ways. In adults, research 
has tended to focus on food-specific measurement 
of  inhibitory control. For example, in a behavioral 
treatment study, baseline inhibitory control, measured 
by a food-specific Go-No-Go task, interacted with 
hedonic liking of  food to predict weight loss outcomes 
(but did not independently predict 13-week or 52-week 
weight loss) [16]. In another study of  adults entering 
behavioral weight loss, baseline inhibitory control 
was measured by a food-specific Stop Signal task 
and was found to predict weight loss at 12  months 
[17]. More research is needed to examine executive 
processes that are related to other facets of  executive 
functioning, rather than food-specific inhibition of 
behavior. One such study did measure multiple facets 
of  executive functioning in adults with obesity, and 
found that baseline set-shifting and inhibitory control, 
but not planning or working memory, predicted post-
treatment weight losses [18]. However, participants 
in that study were provided with meal replacements 
to achieve weight loss; it is unclear how the role of 
executive functioning might differ when eating a diet 
of  self-selected foods.

While experimental studies have established that 
engaging in physical activity can improve executive 
functioning [19, 20], it is less clear to what extent 
executive functioning facilitates the adoption and 
maintenance of physical activity among adults with 
obesity. Planning and inhibitory control may be critical 
for following a physical activity prescription, in order to 
successfully integrate this behavior into one’s lifestyle 

and follow through on intentions to exercise even when 
there is a temptation to engage in an alternate behavior 
that is perceived as more enjoyable [21, 22]. In several 
studies of older adults (i.e., age 60 and older), executive 
functioning components such as inhibitory control, 
mental set-shifting, attentional flexibility, and overall 
cognitive ability have positively predicted the acquisition 
of physical activity [23–27]. However, individuals with 
obesity who attempt lifestyle modification may differ 
from these samples of older adults in important ways 
beyond age, including mobility, physical functioning, 
and cognitive health.

In summary, conceptual models of lifestyle 
modification highlight the important role of executive 
functioning in inhibiting and initiating key weight-
related behaviors [21, 22, 28, 29]. Prospective research 
is needed to examine how executive functioning might 
predict treatment outcomes in adults with obesity. 
Identifying pre-treatment predictors of weight loss 
and physical activity may lead to the development of 
personalized interventions for individuals who are at 
risk for suboptimal outcomes. The primary aim of 
the present study was to test the hypotheses that in a 
sample of overweight or obese adults entering a lifestyle 
modification program, better executive functioning at 
baseline would predict greater weight loss and physical 
activity after 6 months of treatment. The study methods 
were designed to make a unique contribution to the 
literature by (a) using a baseline measure of executive 
functioning that was standardized, objective, and multi-
faceted (as opposed to only measuring food-related 
inhibitory control) and (b) objectively measuring changes 
in weight and physical activity.

Method

Participants

This project was conducted as a sub-study, collecting 
data from participants recruited from the community 
for a clinical trial of weight loss treatment. The study is 
registered with ClinicalTrials.gov (NCT02363010). This 
research was approved by the Institutional Review Board 
and informed consent was obtained from all participants 
enrolled in the study. Eligible participants had a body mass 
index (BMI) between 27 and 45 kg/m2, were 18–70 years 
old, had no medical contraindications to participating 
and were physically able to begin exercising. A history of 
bariatric surgery, the use of weight-affecting medication, 
substantial (>5%) weight loss in the past 6 months, and 
a diagnosis of major medical or psychiatric condition 
that would interfere with participation were all exclusion 
criteria. Women who were currently nursing, pregnant, 
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or planning to become pregnant over the course of the 
study were also ineligible.

Intervention

Over the course of 6 months, all participants were provided 
with 16 sessions of group-based, standard behavioral 
treatment designed to induce a 10% weight loss (as the 
parent clinical trial was focused on experimentally testing 
strategies for weight loss maintenance, intervention 
content was uniform during this period of weight 
loss induction). The treatment protocol was adapted 
from Look AHEAD [30] and the Diabetes Prevention 
Program [31]. The program emphasized self-monitoring 
of calorie intake as a core skill. Participants also learned 
stimulus control, problem solving, goal setting, and 
social support skills. A  progression was prescribed for 
gradually increasing days and minutes of moderate-to-
vigorous physical activity (i.e., aerobic exercise), with 
the ultimate goal of 250  min of moderate-to-vigorous 
physical activity per week.

Measures

Participant characteristics

Participants reported age, gender, race, and ethnicity at 
baseline.

Weight

Blinded research staff  used a Tanita model WB-3000 
digital scale to weigh participants (measured in street 
clothes) at baseline and 6 months.

Moderate-to-vigorous physical activity

Moderate-to-vigorous physical activity was measured 
using ActiGraph GT3X tri-axial, solid state 
accelerometers. Accelerometers were distributed at 
baseline and 6 months to participants, with the instruction 
to wear them for the following seven consecutive days for 
all waking hours; participants who wore the devices for a 
minimum of 4 days were included in analyses. Moderate-
to-vigorous physical activity in bouts of at least 10 min 
was extracted using ActiLife software and analyzed 
using established cut-points [32].

Executive functioning

Participants completed the tower task component of the 
Delis-Kaplan Executive Function System (D-KEFS) 
[33] during their baseline assessment. We chose this 
task because it captures facets of planning, inhibitory 
control, and flexibility, and because successful weight 
control likely requires multiple interacting facets of 

executive functioning. Participants were instructed to 
build a designated tower using disks of various sizes in 
as few moves as possible across three pegs, with the rules 
that (a) they may only move one disk at a time and (b) 
they may never place a larger disk over a smaller disk. 
Participants were given an opportunity to build nine 
towers that increased in difficulty and time limit as the 
participant progressed. The task was discontinued after 
three consecutive tower failures. Each tower was given 
an achievement score based on the number of moves 
used to complete it, such that failed towers earn 0 points 
and towers that are correct within the time limit earn 
more points with fewer moves. The achievement score 
represents overall executive functioning. Prior research 
has shown that process measures from the tower task, 
such as rule violations, may be useful for distinguishing 
groups based on neurocognitive deficits [34, 35]. Thus, 
several process measures also were calculated: mean first-
move time (representing impulsive initial responding), 
time-per-move ratio (representing deliberateness of 
behavioral responses), move accuracy ratio (representing 
planning ability), and total rule violations (representing 
the ability to keep a rule set in mind and behave 
consistently with it).

Data Analysis Plan

Baseline relationships between D-KEFS scores and age, 
BMI, and moderate-to-vigorous physical activity were 
examined with Pearson’s correlations. Nonparametric 
correlation analysis (Kendall’s tau) was used when 
assumptions were violated. Multiple linear regression 
was used to evaluate whether baseline D-KEFS scores 
predicted weight loss after 6  months of treatment 
controlling for baseline BMI, age, and baseline moderate-
to-vigorous physical activity. Each of the D-KEFS 
scores was examined separately. Due to the zero-inflated 
distribution of moderate-to-vigorous physical activity, 
compound Poisson linear model was chosen to examine 
whether baseline D-KEFS scores predicted moderate-
to-vigorous physical activity at 6 months, controlling for 
baseline moderate-to-vigorous physical activity, baseline 
BMI, age, and 6-month weight loss [36]. The compound 
Poisson linear model has been applied in many different 
areas including actuarial science, animal studies, rainfall 
modeling and fishery research to handle continuous 
data with extra zeros. The R add-on package cplm was 
used to implement the compound Poisson linear model 
[33]. Additionally, a set of analyses was run without 
controlling for physical activity in weight prediction 
and without controlling for weight in physical activity 
prediction. Men and women significantly differed in 
6-month weight loss and moderate-to-vigorous physical 
activity outcomes, and thus models also were run, where 
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noted, with gender as a covariate. African American and 
non-Hispanic white participants differed significantly 
in 6-month weight loss but not in 6-month moderate-
to-vigorous physical activity, thus where noted race 
was included as a covariate for predicting weight loss 
at 6  months (Other race categories were not examined 
as covariates because they accounted for less than 5% 
of the data.). Post-hoc exploratory mediation analysis 
was used to examine whether moderate-to-vigorous 
physical activity at 6  months mediated the effect of 
baseline D-KEFS scores on weight loss after 6 months 
of treatment. Retention at the 6-month assessment 
was 90%. All analyses were based on an intent-to-
treat approach. Multiple imputation was conducted to 
handle missing data using MCMC algorithms known 
as chained equations imputation available in SPSS [37]. 
Results from multiply imputed data were combined 
using Rubin’s rules [38, 39]. Effect sizes were reported as 
Cohen’s f2 in regression analysis and Cohen’s d in t-tests. 
Influential points and residual plots were examined in 
all the analyses. The residuals were randomly scattered 
around zero, which suggested that assumptions (e.g., 
equal variance and linearity) were satisfied.

Results

Sample Characteristics at Baseline

Participants (N = 320) were 78% female with a mean age of 
52.6 years (SD = 10.74) and an average BMI of 35.1 kg/m2  
(SD  =  4.63) at baseline. Racial composition of the 
sample was 70.0% White, 25.0% Black, 1.6% Asian, 0.6% 
American Indian/Alaskan Native, and 2.8% multi-racial. 
Four percent of participants were Hispanic or Latino. At 
baseline, participants engaged in an average of 62.20 min 

per week of moderate-to-vigorous physical activity 
(SD = 89.83). As shown in Table 1, baseline moderate-to-
vigorous physical activity was negatively associated with 
D-KEFS time per move; no other D-KEFS scores were 
associated with baseline moderate-to-vigorous physical 
activity or BMI. Age was significantly associated with 
mean first-move time, time per move, and move accuracy 
ratio. There were no significant differences between men 
and women for any D-KEFS scores.

D-KEFS as a Predictor of Weight Loss

Total achievement score (f2  =  0.015, p  =  .043,), rule 
violations (f2 = 0.031, p = .002), and total completion time 
(f2 = 0.028, p = .005) significantly predicted weight loss at 
6 months, controlling for baseline moderate-to-vigorous 
physical activity, baseline BMI, age, and 6-month 
moderate-to-vigorous physical activity. These analyses 
were re-run without controlling for physical activity. 
The same three predictors were found to be statistically 
significant. When gender was added as a covariate, total 
achievement score (p = .031), rule violations (p = .005), 
and total completion time (p  =  .0096) remained 
significant predictors of weight loss at 6 months. When 
race was added as a covariate (African American vs. 
non-Hispanic white), rule violations (p = .01) and total 
completion time (p = .01) remained significant predictors 
of weight loss at 6 months.

To illustrate the clinical significance of the observed 
relationships, rule violations and completion time 
were examined categorically in post-hoc analysis. The 
distribution of rule violations was positively skewed with 
a median of 0. We chose to split the sample categorically 
based on whether participants committed any greater than 
zero rule violations so that the number of participants 
without any rule violations was about the same as the 

Table 1  D-KEFS Descriptive Statistics and Baseline Associations Between D-KEFS Performance, MVPA, BMI, and Age

 Correlations with D-KEFS at baseline

 MVPA min/week BMI Age

D-KEFS scores M SD r p r p r p

Total achievement score 16.59 4.02 0.03 .48 −0.06 .16 −0.04 .35

Mean first-move time 5.66 3.32 −0.05 .19 0.04 .28 0.08* .03

Time per move 4.32 2.19 −0.09* .02 0.04 .28 0.09** .01

Total rule violations 1.11 1.73 −0.01 .77 0.01 .76 0.08 .08

Move accuracy ratio 1.59 0.47 0.07 .08 0.01 .89 −0.12*** .00

Total completion time (s) 531.89 158.39 0.00 .99 0.04 .27 −0.01 .81

D-KEFS Delis-Kaplan Executive Function System; MVPA moderate-to-vigorous physical activity; BMI body mass index; min/week 
minutes per week. Associations were examined using Pearson’s correlation (or nonparametric correlation analysis [Kendall’s tau] when 
appropriate).

*p < .05, **p < .01, ***p < .001.
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number of participants with at least one rule violation. 
This is consistent with evidence that 44.4% of a normed 
sample committed no rule violations on the tower task 
[33]. As shown in Fig. 1, among participants without any 
rule violations (n  =  162), weight loss averaged 11.0%, 
while those with rule violations (n = 158) averaged 8.7% 
weight loss (t(313) = −3.78, p < .001, d = 0.43). Among 
participants in the lowest quartile of total completion 
time (n = 80), weight loss at 6 months averaged 11.0%, 
while those in the highest quartile (n=80) averaged 9.0% 
weight loss (t(153) = −2.32, p = .022, d = 0.37), as shown 
in Fig. 2. Mean first-move time (p = .717), time per move 
(p = .388), and move accuracy ratio (p = .165) were not 
significant predictors of weight loss.

D-KEFS as a Predictor of Moderate-to-Vigorous 
Physical Activity

Rule violations (f2  =  0.002, p  =  .036) significantly 
predicted moderate-to-vigorous physical activity at 
6 months, controlling for baseline moderate-to-vigorous 

physical activity, baseline BMI, age, and 6-month weight 
loss. As shown in Fig. 3, among participants without any 
rule violations (n = 162), 6-month moderate-to-vigorous 
physical activity averaged 169.8  min/week, while those 
with rule violations (n = 158) averaged 127.2 min/week 
of moderate-to-vigorous physical activity (t(313) = 2.15, 
p = .032, d = 0.33). Total completion time (p = .055) was 
a marginally significant predictor of 6-month moderate-
to-vigorous physical activity. Total achievement score 
(p  =  .255), mean first-move time (p  =  .822), time per 
move (p  =  .489), and move accuracy ratio (p  =  .373) 
were not significant predictors of 6-month moderate-
to-vigorous physical activity. Rule violations remained 
the only significant predictor of 6-month moderate-to-
vigorous physical activity when the analyses were re-run 
without controlling for weight. Rule violations remained 
a significant predictor of 6-month moderate-to-vigorous 
physical activity when gender was added as a covariate 
(p = .036).

As an exploratory aim, a mediation model also 
was tested. Mediation analysis showed that 6-month 
physical activity significantly mediated the effect of rule 
violations on weight loss at 6 months (effect size = .11, 
bootstrap confidence intervals [0.04, 0.25]). This suggests 
participants with fewer rule violations on average were 
more physically active at 6 months, which in turn had a 
positive effect on 6-month weight loss.

Discussion

This study was designed to prospectively examine 
baseline executive functioning as a predictor of weight 
loss and physical activity among adults with overweight 
or obese BMIs who were entering a lifestyle modification 
program. Pre-treatment performance on several aspects 
of an executive functioning task significantly predicted 
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these outcomes at 6 months, providing further evidence 
that particular executive functioning abilities may 
influence the relative ease or difficulty with which an 
individual changes his or her eating and exercise-related 
behaviors. This study is the first to our knowledge to detect 
a predictive relationship between any aspect of executive 
functioning and objectively measured physical activity in 
a sample of adults seeking weight loss treatment, and it 
is one of the first to predict weight loss in adults using 
an objective measure of executive functioning that was 
broader than inhibitory control.

Weight loss at 6 months was significantly predicted by 
total achievement score, which can be interpreted as a 
representation of overall executive functioning. However, 
when race was added as a covariate to the model, this 
prediction became nonsignificant; additional research is 
needed to understand the complex relationships between 
executive functioning, race, and behavior change. Weight 
loss also was significantly predicted by two of the 
four process measures that were examined (total rule 
violations and total completion time), and exploratory 
analyses indicated that the size of this effect was clinically 
notable. These results build on previous research that has 
shown that aspects of objectively measured executive 
function predict weight loss outcomes in adults [17, 18]. 
These data are consistent with the theory that limiting 
calorie intake in the modern food environment requires 
strong planning and inhibitory control skills [40, 41]. 
The finding that rule violations were associated with less 
weight loss suggests that individuals with weaknesses in 
planning and inhibitory control at the start of treatment 
may find it more challenging to override impulsive eating 
and initiate eating related changes. It is possible that 
individuals with weaker executive functioning are more 
prone to dietary lapses or overeating episodes because of 
deficits in inhibitory control [42, 43]. Because executive 
functioning is also critical for initiating behaviors, 
individuals with poorer executive functioning might have 
lower utilization of skills that are designed to facilitate 
dietary restraint, such as following a regular schedule of 
eating, weighing and measuring foods, self-monitoring 
of calorie intake, eliminating tempting food cues in 
the environment, and ensuring that healthy snacks and 
meals are readily available. It is less clear why longer total 
completion time was associated with lower weight loss. 
Previous research in patients with prefrontal cortex (i.e., 
the brain region associated with executive functioning) 
lesions indicated that prefrontal cortex damage was 
associated with slower tower task performance compared 
to healthy controls [34]. Thus, it is possible that slow 
performance is indicative of global executive functioning 
weaknesses.

Effect sizes reported in this study were small, but 
still clinically meaningful as evidenced by the size of 

the differences in weight loss observed categorically. 
Similar previous literature has not reported effect 
sizes. Therefore, direct comparisons of effect sizes 
observed in other studies are not possible [17, 18]. The 
relative importance of executive function may depend 
on an individual’s environment, other psychological 
or neurocognitive factors, or biology [44, 45]. Future 
research utilizing models that examine such interactions 
may provide additional insight into how the relationship 
between executive function and weight loss may be 
moderated by other factors [44, 45].

Moderate-to-vigorous physical activity at 6  months, 
controlling for moderate-to-vigorous physical activity 
at baseline, also was significantly predicted by total rule 
violations. The size of this effect was small but appeared 
clinically meaningful (i.e., a difference of approximately 
40 min/week in 6-month moderate-to-vigorous physical 
activity for those with vs. without rule violations at 
baseline). Physical activity significantly mediated the 
effect of rule violations on weight loss at 6  months. 
These results are consistent with previous research 
demonstrating that individuals with poorer executive 
functioning are less likely to adhere to physical activity 
intentions or prescriptions [27, 46, 47]. Weaknesses 
in executive functioning may be an underappreciated 
barrier to the adoption and maintenance of moderate-to-
vigorous physical activity among adults with overweight 
or obese BMIs. The rule violations process measure of the 
tower task is thought to reflect poorer self-monitoring, 
inhibition, and planning abilities [34, 35]. Previous 
research supports the link between these abilities and 
physical activity outcomes. Many individuals with obesity 
also report relatively low enjoyment of exercise [48], and 
thus they may frequently experience the temptation to 
engage in other behaviors rather than exercise. Inhibitory 
control may be necessary to overcome these temptations 
[24]. Engagement in physical activity requires prioritizing 
long-term benefits of the behavior, such as weight loss 
and fitness, over short-term desires, such as preferring to 
engage in an alternate activity (e.g., watching television 
or sleeping) rather than exercising [24, 45]. In the modern 
environment, it typically takes purposeful effort to 
engage in moderate-to-vigorous physical activity, given 
that the defaults for transportation, leisure, and labor 
are sedentary [49]. Thus planning, a core component of 
executive functioning, may be necessary in order to form 
intentions to engage in exercise and to determine what 
sequence of behaviors is necessary to carry out those 
intentions [24]. In this environment, remaining mindful 
of physical activity goals also may be critical for success, 
tapping into a working memory component of executive 
functioning [4].

Notably, total achievement score was not a significant 
predictor of 6-month moderate-to-vigorous physical 
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activity. It is possible that some of the abilities that 
influence total achievement score are unrelated to ability 
to adopt and maintain physical activity, and that the 
predictive relationship between executive functioning 
and physical activity can most readily be detected with 
process measures that tap into particular executive 
functioning domains, such as those represented by rule 
violations on the D-KEFS. Rule violations are thought to 
reflect self-monitoring, inhibition, and planning abilities, 
while achievement scores also can be influenced by visual 
attention, visual-spatial skills, and spatial planning [34, 
35]. Additionally, rule violations can be thought of as a 
marker of inflexibility, that is, difficulties with breaking 
out of certain behavioral patterns even when the rules 
specify to do so (In the case of the tower task, the rules 
involve specifications such as never placing a bigger disc 
on top of a smaller disc, and never moving more than 
one disc at a time). Executive functioning ability may 
determine how flexibly individuals are able to incorporate 
new ideas and strategies while striving to meet goals [50]. 
Despite being given a new set of rules to follow (e.g., a 
prescription for moderate-to-vigorous physical activity), 
an individual who has difficulty flexibly applying new 
rules may also have difficulty breaking out of habitual 
behavioral patterns (e.g., watching TV after dinner).

Other null results were observed in this study. As a 
preliminary analysis, baseline relationships between 
D-KEFS scores and weight and moderate-to-vigorous 
physical activity were examined. All but one of these 
relationships were nonsignificant (baseline moderate-to-
vigorous physical activity was negatively associated with 
D-KEFS time per move). It is possible that the restricted 
range of weight (all participants had a BMI over 27 kg/m2) 
and moderate-to-vigorous physical activity (participants 
generally were engaging in modest amounts of exercise) 
at baseline limited the ability to detect relationships that 
might be observed in a more representative sample of 
the population, as opposed to those seeking weight loss 
treatment. It also is possible that executive functioning 
is less important in explaining natural variability in 
BMI and moderate-to-vigorous physical activity than in 
predicting response to behavioral interventions. In other 
words, it is possible that executive functioning is more 
influential in predicting how one eats and exercises when 
attempting to change these weight-related behaviors than 
in explaining how one behaves when not in a lifestyle 
modification program.

Experimental research is warranted to explore the 
clinical implications of these findings. For example, in 
obesity treatment programs, weight loss and physical 
activity outcomes might be improved by providing 
cognitive training to directly bolster executive functioning 
abilities among individuals who exhibit deficits at baseline 
[12, 51]. It also is possible that treatment protocols 

might be more efficacious if  they include strategies for 
managing weaknesses in domains such as planning 
or inhibitory control, or teach behavioral skills that 
are designed to compensate for or accommodate such 
weaknesses. For instance, it is possible that individuals 
with weaker executive functioning might benefit more 
from interventions that rely on habit-learning (i.e., to 
make eating and exercise behaviors more automatic), 
thus requiring fewer executive resources [50]. On the 
other hand, it is important to note that the size of the 
observed effects in the present study was generally small, 
and thus modest effect may ultimately be observed for 
such intervention adaptations. The modest size of the 
observed effects suggests that physical activity and 
weight loss outcomes are predominantly determined by 
factors other than the aspects of executive functioning 
measured in this study.

This study had several key strengths that increase 
the impact of the findings. Whereas much of the 
previous research examining executive functioning has 
been conducted with children and older adults, this 
sample was predominantly comprised of participants 
in young adulthood or middle age. The sample had 
a moderate amount of racial diversity. On average, 
participants made clinically significant improvements 
in their weight and physical activity over the 6-month 
observation period, which provided a rich context in 
which to examine executive functioning as a predictor 
of change. Data on age and baseline and 6-month 
weight and moderate-to-vigorous physical activity were 
available to include as covariates, which increased the 
rigor of the statistical analyses. The ability to examine 
weight loss and adoption of physical activity in the 
same sample was especially important, to establish 
that aspects of executive functioning independently 
predicted both of these outcomes. Moderate-to-vigorous 
physical activity, weight, and executive functioning were 
measured objectively, rather than relying on self-report. 
There is evidence that executive function has distinct 
components corresponding to initiatory and inhibitory 
behaviors [52]; the D-KEFS was chosen as a measure of 
executive functioning because it taps into both of those 
components, rather than only one of them.

This study has several limitations that should be 
addressed with future research. The D-KEFS measure 
does not provide an exhaustive or domain-specific 
assessment of executive functioning, and some aspects 
of executive functioning, such as sustained attention, 
may not have been adequately captured by performance 
on this task. This study was limited by the use of only 
one measure of executive functioning, and future studies 
should include multiple, alternate measures. Executive 
functioning also can be confounded with other variables 
that were not measured or controlled for in this study, 
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such as general cognitive ability or other aspects of 
physical health. Ideally, future research would measure 
and covary global cognitive functioning and years of 
education to better interpret the specificity of results. 
Finally, because research examining the relationship 
between executive functioning and lifestyle modification 
is relatively new, a p-value of .05 was chosen for analyses 
to reduce risk of failing to detect potentially important 
findings. As a result, given that multiple comparisons 
were conducted, it is possible that one or more findings 
were the result of type II error. Replication of results will 
be necessary to address this possibility.

For many years, it has been clear that individuals 
with overweight or obese BMIs attempting lifestyle 
modification have a very difficult time adopting and 
maintaining changes in their eating and exercise 
behaviors. This study adds to a growing body of research 
suggesting that particular facets of executive functioning 
may be modest but novel predictors of the relative success 
or failure an individual experiences when attempting 
lifestyle modification. Because individuals who have 
obesity and are physically inactive are more likely than 
healthy adults to have poor executive functioning [6–9], 
the efficacy of treatments that target or account for 
weaknesses in these abilities should be explored.

Acknowledgments  This research was funded by the National 
Institute of Diabetes and Digestive Kidney Diseases (Grant 
R01DK100345) (to Meghan L. Butryn).

Compliance with Ethical Standards

Authors’ Statement of Conflict of Interest and Adherence to Ethical 
Standards  Authors Meghan L.  Butryn, Mary K.  Martinelli, 
Jocelyn E.  Remmert, Savannah R.  Roberts, Fengqing Zhang, 
Evan M.  Forman, and Stephanie M.  Manasse declare that they 
have no conflict of interest. All procedures, including the informed 
consent process, were conducted in accordance with the ethical 
standards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2000.

Primary Data  Primary data were collected as part of clinical trial 
NCT02363010.

Authors’ Contributions  Meghan L. Butryn designed the research 
and directed the project, Fengqing Zhang conducted statistical 
analyses, and all authors contributed to the primary aims, 
interpretation of results, and drafting and critically revising the 
manuscript.

Ethical Approval  All procedures performed in studies involving 
human participants were in accordance with the ethical standards 
of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards.

Informed Consent  Informed consent was obtained from all 
individual participants included in the study.

References

1.	 Jensen  MD, Ryan  DH, Apovian  CM, et  al.; American 
College of Cardiology/American Heart Association Task 
Force on Practice Guidelines; Obesity Society. 2013 AHA/
ACC/TOS guideline for the management of overweight 
and obesity in adults: a report of the American College of 
Cardiology/American Heart Association Task Force on 
Practice Guidelines and The Obesity Society. J Am Coll 
Cardiol. 2014;63:2985–3023.

2.	 Christian  JG, Tsai  AG, Bessesen  DH. Interpreting weight 
losses from lifestyle modification trials: using categorical 
data. Int J Obes (Lond). 2010;34:207–209.

3.	 Gilbert  SJ, Burgess  PW. Executive function. Curr Biol. 
2008;18:R110–R114.

4.	 Miyake  A, Friedman  NP, Emerson  MJ, Witzki  AH, 
Howerter A, Wager TD. The unity and diversity of executive 
functions and their contributions to complex “Frontal 
Lobe” tasks: a latent variable analysis. Cogn Psychol. 
2000;41:49–100.

5.	 Lezak  MD. Neuropsychological Assessment. 3rd ed. New 
York, NY: Oxford University Press; 1995.

6.	 Fitzpatrick  S, Gilbert  S, Serpell  L. Systematic review: are 
overweight and obese individuals impaired on behavioural tasks 
of executive functioning? Neuropsychol Rev. 2013;23:138–156.

7.	 Lavagnino  L, Arnone  D, Cao  B, Soares  JC, Selvaraj  S. 
Inhibitory control in obesity and binge eating disorder: 
a systematic review and meta-analysis of neurocognitive 
and neuroimaging studies. Neurosci Biobehav Rev. 
2016;68:714–726.

8.	 Yang  Y, Shields  GS, Guo  C, Liu  Y. Executive function 
performance in obesity and overweight individuals: a meta-
analysis and review. Neurosci Biobehav Rev. 2018;84:225–244.

9.	 Martin AA, Davidson TL. Human cognitive function and the 
obesogenic environment. Physiol Behav. 2014;136:185–193.

10.	 Smith  E, Hay  P, Campbell  L, Trollor  JN. A review of the 
association between obesity and cognitive function across the 
lifespan: implications for novel approaches to prevention and 
treatment. Obes Rev. 2011;12:740–755.

11.	 Veronese  N, Facchini  S, Stubbs  B, et  al. Weight loss is 
associated with improvements in cognitive function among 
overweight and obese people: A systematic review and meta-
analysis. Neurosci Biobehav Rev. 2017;72:87–94.

12.	 Hofmann  W, Schmeichel  BJ, Baddeley  AD. Executive 
functions and self-regulation. Trends Cogn Sci. 
2012;16:174–180.

13.	 Naar-King S, Ellis DA, Idalski Carcone A, et al. Sequential 
Multiple Assignment Randomized Trial (SMART) to 
construct weight loss interventions for African American 
Adolescents. J Clin Child Adolesc Psychol. 2016;45:428–441.

14.	 Nederkoorn C, Jansen E, Mulkens S, Jansen A. Impulsivity 
predicts treatment outcome in obese children. Behav Res 
Ther. 2007;45:1071–1075.

15.	 Xu X, Deng ZY, Huang Q, Zhang WX, Qi CZ, Huang JA. 
Prefrontal cortex-mediated executive function as assessed by 
Stroop task performance associates with weight loss among 
overweight and obese adolescents and young adults. Behav 
Brain Res. 2017;321:240–248.

16.	 Brockmeyer T, Hamze Sinno M, Skunde M, et al. Inhibitory 
control and hedonic response towards food interactively 
predict success in a weight loss programme for adults with 
obesity. Obes Facts. 2016;9:299–309.

17.	 Manasse  SM, Flack  D, Dochat  C, Zhang  F, Butryn  ML, 
Forman EM. Not so fast: the impact of impulsivity on weight 
loss varies by treatment type. Appetite. 2017;113:193–199.

916� ann. behav. med. (2019) 53:909–917



18.	 Galioto  R, Bond  D, Gunstad  J, Pera  V, Rathier  L, 
Tremont  G. Executive functions predict weight loss in a 
medically supervised weight loss programme. Obes Sci Pract. 
2016;2:334–340.

19.	 Northey JM, Cherbuin N, Pumpa KL, Smee DJ, Rattray B. 
Exercise interventions for cognitive function in adults older 
than 50: a systematic review with meta-analysis. Br J Sports 
Med. 2018;52:154–160.

20.	 Guiney H, Machado L. Benefits of regular aerobic exercise 
for executive functioning in healthy populations. Psychon Bull 
Rev. 2013;20:73–86.

21.	 Gettens  KM, Gorin  AA. Executive function in weight loss 
and weight loss maintenance: a conceptual review and novel 
neuropsychological model of weight control. J Behav Med. 
2017;40:687–701.

22.	 Buckley J, Cohen JD, Kramer AF, McAuley E, Mullen SP. 
Cognitive control in the self-regulation of physical activity 
and sedentary behavior. Front Hum Neurosci. 2014;8:747.

23.	 Aartolahti  E, Tolppanen  AM, Lönnroos  E, Hartikainen  S, 
Häkkinen  A. Health condition and physical function as 
predictors of adherence in long-term strength and balance 
training among community-dwelling older adults. Arch 
Gerontol Geriatr. 2015;61:452–457.

24.	 Daly M, McMinn D, Allan JL. A bidirectional relationship 
between physical activity and executive function in older 
adults. Front Hum Neurosci. 2014;8:1044.

25.	 Best  JR, Nagamatsu  LS, Liu-Ambrose  T. Improvements 
to executive function during exercise training predict 
maintenance of physical activity over the following year. 
Front Hum Neurosci. 2014;8:353.

26.	 Gothe  NP, Fanning  J, Awick  E, et  al. Executive function 
processes predict mobility outcomes in older adults. J Am 
Geriatr Soc. 2014;62:285–290.

27.	 McAuley E, Mullen SP, Szabo AN, et al. Self-regulatory processes 
and exercise adherence in older adults: executive function and 
self-efficacy effects. Am J Prev Med. 2011;41:284–290.

28.	 Appelhans  BM, French  SA, Pagoto  SL, Sherwood  NE. 
Managing temptation in obesity treatment: a neurobehavioral 
model of intervention strategies. Appetite. 2016;96:268–279.

29.	 Jansen A, Houben K, Roefs A. A cognitive profile of obesity 
and its translation into new interventions. Front Psychol. 
2015;6:1807.

30.	 Wadden TA, West DS, Delahanty L, et al.; Look AHEAD 
Research Group. The Look AHEAD study: a description 
of the lifestyle intervention and the evidence supporting it. 
Obesity (Silver Spring). 2006;14:737–752.

31.	 The Diabetes Prevention Program. Design and methods for 
a clinical trial in the prevention of type 2 diabetes. Diabetes 
Care. 1999;22:623–634.

32.	 Troiano  RP, Berrigan  D, Dodd  KW, Mâsse  LC, Tilert  T, 
McDowell M. Physical activity in the United States measured 
by accelerometer. Med Sci Sports Exerc. 2008;40:181–188.

33.	 Delis  DC, Kaplan  E, Kramer  JH. Delis-Kaplan Executive 
Function System. San Antonio, TX: The Psychological 
Corporation; 2001.

34.	 Yochim BP, Baldo JV, Kane KD, Delis DC. D-KEFS Tower 
Test performance in patients with lateral prefrontal cortex 
lesions: the importance of error monitoring. J Clin Exp 
Neuropsychol. 2009;31:658–663.

35.	 Carey  CL, Woods  SP, Damon  J, et  al. Discriminant 
validity and neuroanatomical correlates of rule monitoring 
in frontotemporal dementia and Alzheimer’s disease. 
Neuropsychologia. 2008;46:1081–1087.

36.	 Zhang  Y. Likelihood-based and Bayesian methods for 
Tweedie compound Poisson linear mixed models. Stat 
Comput. 2013;23:743–757.

37.	 Yuan  YC. Multiple Imputation for Missing Data: Concepts 
and New Development (Version 9.0). Rockville, MD: SAS 
Institute Inc. 2005.

38.	 Rubin DB. Multiple Imputation for Nonresponse in Surveys. 
New York, NY: Wiley; 1987.

39.	 Rubin DB. Multiple imputation after 18+ years. J Am Stat 
Assoc. 1996;91:473–489.

40.	 Davis  LM, Coleman  C, Kiel  J, et  al. Efficacy of a meal 
replacement diet plan compared to a food-based diet plan 
after a period of weight loss and weight maintenance: a 
randomized controlled trial. Nutr J. 2010;9:11.

41.	 Duchesne  M, Mattos  P, Appolinário  JC, et  al. Assessment 
of executive functions in obese individuals with binge eating 
disorder. Braz J Psychiatry. 2010;32:381–388.

42.	 Manasse  SM, Forman  EM, Ruocco  AC, Butryn  ML, 
Juarascio  AS, Fitzpatrick  KK. Do executive functioning 
deficits underpin binge eating disorder? A  comparison of 
overweight women with and without binge eating pathology. 
Int J Eat Disord. 2015;48:677–683.

43.	 Manasse  SM, Juarascio  AS, Forman  EM, Berner  LA, 
Butryn ML, Ruocco AC. Executive functioning in overweight 
individuals with and without loss-of-control eating. Eur Eat 
Disord Rev. 2014;22:373–377.

44.	 Caldwell AE, Masters KS, Peters JC, et al. Harnessing centred 
identity transformation to reduce executive function burden 
for maintenance of health behaviour change: the Maintain IT 
model. Health Psychol Rev. 2018;12:231–253.

45.	 Hall  PA, Fong  GT. Temporal self-regulation theory: a 
model for individual health behavior. Health Psychol Rev. 
2007;1:6–52.

46.	 Hall  PA, Elias  LJ, Fong  GT, Harrison  AH, Borowsky  R, 
Sarty  GE. A social neuroscience perspective on physical 
activity. J Sport Exerc Psychol. 2008;30:432–449.

47.	 Hall  PA, Fong  GT, Epp  LJ, Elias  LJ. Executive function 
moderates the intention-behavior link for physical 
activity and dietary behavior. Psychol Health. 2008;23: 
309–326.

48.	 Ball  K, Crawford  D, Owen  N. Too fat to exercise? Obesity 
as a barrier to physical activity. Aust N Z J Public Health. 
2000;24:331–333.

49.	 Brownson  RC, Boehmer  TK, Luke  DA. Declining rates 
of physical activity in the United States: what are the 
contributors? Annu Rev Public Health. 2005;26:421–443.

50.	 Berkman ET. The neuroscience of goals and behavior change. 
Consult Psychol J. 2018;70:28–44.

51.	 Forman EM, Goldstein SP, Flack D, Evans BC, Manasse SM, 
Dochat  C. Promising technological innovations in 
cognitive training to treat eating-related behavior. Appetite. 
2018;124:68–77.

52.	 Allom  V, Mullan  B. Individual differences in executive 
function predict distinct eating behaviours. Appetite. 
2014;80:123–130.

ann. behav. med. (2019) 53:909–917� 917


