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ABSTRACT

Introduction: Overweight and obesity are growing problems in the United States, as
these conditions are frequently associated with chronic diseases that may lead to
morbidity and premature mortality. Behavioral interventions for weight loss have shown
promise in decreasing body weight and improving health in adults with overweight and
obesity. However, weight loss interventions may be undermined by dietary lapses. Stress
is a known risk factor of overweight and obesity, and may affect dietary lapse as it has
been associated with enhanced appetite and increased energy intake. Therefore, studying
behavioral treatment strategies and their possible role as modifiers of the effect of stress
on lapse may help inform improved strategies for the future.

Objectives: This secondary analysis aims to study the effectiveness of acceptance-based
strategies in reducing dietary lapses throughout a 12-month weight loss program
compared to a standard behavioral treatment. Furthermore, it will investigate whether the
effect of stress on lapse occurrence is modified by treatment condition.

Methods: Data analyses were performed using ecological momentary assessment survey
data obtained from 189 participants with overweight and obesity that had participated in a
12-month weight loss program, and had been randomized to either acceptance-based or
standard behavioral treatment. Mixed effects regression models with information on
participants’ stress level and lapse occurrence collected at multiple instances at baseline
(first 3 weeks), mid-treatment (at 6 months), and end-of-treatment (at 12 months) were

used to answer the research questions presented in this study.

i



Results: The acceptance-based treatment (ABT) was shown to decrease the odds of
lapsing compared to the standard behavioral treatment (SBT) at mid-treatment in the
model controlling for gender (OR =0.716, CI [0.516, 0.994]). In the model with data
from female participants only, ABT was also shown to decrease the odds of lapsing
compared to SBT (OR = 0.686, CI [0.489, 0.964]). At end-of-treatment the decrease in
odds of lapsing was not statistically significant for ABT compared to SBT. Between-
subject stress, lapse frequency at baseline, and gender were strong predictors of lapse at
mid- and end-of-treatment; however, treatment condition did not modify the effect of
between-subject stress on lapse. Although treatment condition did not modify the effect
of within-subject stress level on lapse, the main effect of treatment condition (i.e., within-
subject stress level equal to zero) showed a decrease in the odds of lapsing for individuals
receiving ABT compared to SBT at mid-treatment in the model controlling for gender
(OR =0.718, CI1[0.517, 0.997]), and in the model with data from female participants
only (OR = 0.688, CI[0.490, 0.966]).

Conclusion: This study suggests that acceptance-based strategies are more effective at
reducing dietary lapse when compared to cognitive strategies delivered to adults with
overweight and obesity during an intensive behavioral intervention for weight loss. A
better understanding of the mechanisms through which acceptance-based strategies
improve dietary behavior may be achieved with the inclusion of potential mediators of

the association in the analytical models.
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CHAPTER 1

INTRODUCTION

Overweight and Obesity in Adults in the United States

Seventy-two percent of adults aged 20 and over in the United States were
overweight or had obesity in 2015-2016 (National Center for Health Statistics, 2018),
with obesity alone impacting more than one third of the U.S. adult population (Hales,
Carroll, Fryar, & Ogden, 2017). Overweight and obesity in adults are determined by a
standardized measure called body mass index (BMI). BMI corresponds to body weight in
kilograms divided by the square of body height in meters. Obesity is characterized by a
BMI of 30 kg/m” and higher, while overweight is characterized by a BMI between 25 and
29.9 kg/m?. BMI values between 18.5 and 24.9 kg/m” are considered normal weight, and
achieving and maintaining this range is strongly recommended by physicians as it equates
to a healthy weight. Overweight and obesity are associated with the presence of multiple
chronic diseases (Censin et al., 2019). Obesity-related conditions such as diabetes,
cardiovascular diseases, and certain cancers, are among the leading causes of mortality in
the United States (National Center for Health Statistics, 2018), making the obesity
epidemic a pressing public health issue. In addition, the annual average healthcare cost
for a patient with obesity is estimated to be $3,429 higher than the annual cost for a
patient with healthy weight (Biener, Cawley, & Meyerhoefer, 2017), depicting not only
the health-related aspect of the condition but also the high economic burden it imposes on

individuals, households, and the healthcare system in the country.



Behavioral Interventions for Weight Loss

Increased awareness of the deleterious effects of excess weight on health has
called attention to weight loss interventions that promote healthy eating and physical
activity to reduce overweight and obesity. In 2018, The US Preventive Services Task
Force (USPSTF), an independent body that makes recommendations about prevention
based on scientific evidence, conducted a systematic review of randomized clinical trials
looking for evidence of the effectiveness of behavioral interventions for weight loss in
participants with overweight and obesity. They concluded that behavioral interventions,
combined or not with pharmacotherapy, significantly improved weight loss and
decreased the risk of diabetes onset compared to control conditions (LeBlanc et al.,
2018). Since then, the USPSTF has recommended that adult patients with obesity are
referred to intensive behavioral interventions for weight loss, alongside patients with
overweight who also present hypertension, dyslipidemia, abnormal blood glucose levels,
or diabetes (USPSTF, 2018).

Behavioral weight loss interventions consist of individual or group counseling
sessions on diet and exercise, with a focus on goal setting, stimulus control, and
education on the use of tools for self-monitoring of dietary intake and physical activity,
problem solving, and lapse prevention (The Look AHEAD Research Group, 2006;
Butryn, Webb, & Wadden, 2011). The structure of behavioral weight loss programs may
vary in length and number of sessions in which new skills are introduced and taught. A
meta-analysis of lifestyle modification interventions for weight loss showed that when

participants were required to attend between 13 and 52 session-hours in a 12-month



period, more participants achieved 5 to 10% weight loss of baseline weight than in
interventions where participants attended only 1 to 9 session-hours (Christian, Tsai, &
Bessesen, 2010). This attests to the importance of structure and intensity of effective
behavioral skill teaching to the success of weight loss programs. This is particularly
significant since a weight loss of 5 to 10% of baseline body weight is considered a
benchmark of success for interventions, as clinically relevant benefits such as reduction
in blood glucose and triglycerides have been observed when this rate was achieved in
trials with participants who were overweight or had obesity (National Heart, Lung, and
Blood Institute [NHLBI], 2013).

Although behavioral interventions can promote significant decrease in body
weight, it is common for participants to reach a peak in weight loss at mid-treatment and
subsequently regain it towards the end of a program. It is also common for participants to
gain weight in the following years after the behavioral intervention has ended (Butryn et
al., 2011; Forman et al., 2019). Therefore, efforts to better understand the mechanisms of
success and failure during weight loss programs are justifiable, as improvements and
sustainable behavioral interventions for weight loss are still sought-after.

Longitudinal and experimental studies are particularly well-suited to investigate
associations between potential risk factors and outcomes, and the role of treatment
conditions over time. The study of factors that may influence weight loss, such as dietary
lapse, and the study of new approaches to improve healthy behaviors, performed at
different time points across a structured program, would help inform improvements for

behavioral weight loss interventions in the future.



Dietary Lapse and Stress

Weight loss interventions are often undermined by lapses in adherence. Dietary
lapses during weight loss interventions are characterized as failures to adhere to dietary
recommendations, and can be triggered by external and internal factors. External factors
are those which are extrinsic potential triggers, such as the sight of high-calorie foods to
be avoided during weight loss programs. Examples of internal factors that might trigger
lapse include hunger, fatigue, and stress. One internal factor that may play an important
role in lapse occurrence during weight loss programs is stress.

Stress is the body’s response to challenges, such as routine pressures of daily life
or life events, and it has been linked to reduced weight loss during weight loss attempts.
A recent literature review of cohort and cross-sectional studies has compiled scientific
evidence showing associations of stress with enhanced appetite, cravings, and energy
intake, all well-known risk factors of overweight and obesity (Geiker et al., 2018). In
particular, Sims et al. (2008) showed that, in a community-based cross-sectional study,
perceived stress was associated with snacking and unhealthy eating among African
American adults with overweight and obesity. In another study, stress-induced cortisol
level was shown to be associated with greater calorie consumption after stressful
situations in women in a laboratory setting, supporting the concept that stress might be
related to increased eating behaviors (Epel, Lapidus, McEwen, & Brownell, 2001).
Overall, these studies show that stress is strongly associated with unhealthy eating

behaviors and obesity.



Forman et al. (2017) have reported that individuals with above-average stress
levels across repeated surveys obtained during a one-year behavioral weight loss
intervention were more prone to lapse at any given survey. Manasse et al. (2018) showed
that an increase in stress levels more strongly predicted subsequent lapse during a weight
loss program in individuals who presented lower baseline inhibitory control. Another
study with dieters reported that dietary lapse was positively associated with the strength
of dietary temptation (i.e., the increased urge of overeating or eating food that is not
allowed during dietary restriction) (McKee, Ntoumanis, & Taylor, 2014); and that stress
level was directly associated with the strength of dietary temptation, as self-reported by
participants in diary entries during a 7-day period. Support for the association of stress
and eating behavior was also observed in a study by Royal and Kurtz (2010), where
participants who were exposed to a high-stress situation ate more than those exposed to a
comparably lower stress condition. Overall, high stress level has been shown to be
associated with increased dietary lapse during dietary restriction, which may undermine
weight loss efforts.

In summary, studies regarding the relationship among stress, unhealthy eating
behaviors and dietary lapse suggest that individuals who are better able to manage stress
might be better equipped to control eating behaviors and, consequently, reduce lapses
during weight loss programs. Therefore, behavioral interventions for weight loss that
incorporate mechanisms to help manage or cope with stress could potentially reduce

dietary lapses and improve weight loss results.



The Acceptance-Based Behavioral Approach

Acceptance-based interventions have been used as tools to reduce stress (Rudaz,
Twohig, Ong, & Levin, 2017), and control obesity-related eating behaviors (O’Reilly,
Cook, Spruijt-Metz, & Black, 2014; Tapper et al., 2009), among other targets, with
moderate success. It is believed that acceptance-based approaches might be able to
improve problematic eating behaviors that are common in individuals with overweight
and obesity, such as binge and emotional eating. An acceptance-based approach to
behavioral weight loss intervention includes training in mindfulness and acceptance of
less pleasurable or comfortable states in order to achieve a desired personal goal (e.g.,
weight loss) (Forman et al., 2016). Mindfulness uses awareness of perceptual and
affective states to better understand how they impact decision-making, in an attempt to
prevent such cues from becoming triggers of unhealthy behaviors. Likewise, accepting
that, in the context of caloric restriction, one might inevitably experience moments of
discomfort, such as hunger (known trigger of eating behavior), may work as a strategy to
reduce response to stimuli, and consequently prevent dietary lapse.

Forman et al. (2016) have shown that participants who underwent an acceptance-
based behavioral treatment (ABT) for weight loss significantly lost more weight, on
average, than participants undergoing a standard behavioral treatment (SBT) at the end of
the 12-month program (13.3% and 9.8%, respectively). This study also showed that the
effect of ABT on weight loss was mediated by changes in psychological acceptance of
food-related urges and cravings, and autonomous motivation, both measured with

questionnaires. Therefore, ABT may improve weight loss by increasing individual’s



control over stimulus response, which might consequently decrease dietary lapse, when
compared to standard behavioral interventions that only use cognitive approaches to
control eating habits.

In the context of weight loss programs, more research is needed to evaluate if the
acceptance-based approach could improve commitment to healthy eating behavior,
measured by a reduction in dietary lapses; and if the approach could impact the degree to
which stress impacts lapse at different periods of time during the program. To do that,

data collected at different time points throughout a weight loss program are needed.

Ecological Momentary Assessment

Potential triggers of dietary lapses, such as stress, will inevitably vary between
and within participants, and throughout the duration of a weight-loss program, making it
challenging to study associations among different interventions, triggers, and lapses with
a traditional approach of retrospective reporting.

Ecological Momentary Assessment (EMA) consists of repeated survey reports by
study participants in real time, and in their own environment, during a specific period of
time (Shiffman, Stone, & Hufford, 2008). Information on changes in emotional state and
dietary lapse occurrence obtained from EMA surveys during a behavioral weight loss
program would allow for a comprehensive study of the relationships among intervention,
emotional states, and behavioral changes over time.

The Mind Your Health (MYH?2) study (Forman et al., 2016; Forman et al., 2019)

consisted of a 12-month weight loss program in which male and female adult participants



with overweight or obesity were assigned to receive ABT or SBT, and were asked to
respond to 6 daily semi-random EMA surveys administered at three assessment points
during the program: 14 days at baseline, 7 days at mid-treatment, and 7 days at end-of-
treatment. The availability of this dataset allowed a secondary data analysis to better
understand the role of behavioral treatment (ABT compared to SBT) and stress on dietary

lapse during the weight loss program.

Gender and Behavioral Interventions for Weight Loss
Most studies of behavioral intervention for weight loss have been conducted with
majority female participants or female participants only (LeBlanc et al., 2018; Butryn,
Webb, & Wadden, 2011), as participants in behavioral intervention programs are
primarily women. This may be due to women with overweight having a greater
awareness of being above a healthy weight compared to men, or being more motivated to
lose weight (Wardle & Johnson, 2002). For these reasons, the following analyses will be

performed controlling for gender.

Research Questions and Hypotheses

The current study addresses three main research questions:

1. Does the acceptance-based treatment reduce lapse frequency over time

when compared to the standard behavioral treatment?



To answer this question, a linear mixed effects model will be fit with a random
intercept for participant and a random slope for assessment point (baseline, mid-
treatment, and end-of-treatment). An interaction between treatment and assessment point
will be used to examine the association of treatment and lapse frequency (mean number
of lapses per day) over time. The model will control for gender and stress level, as these
two variables are likely related to lapse frequency. In addition, the model will be fit to
data from females only. The hypothesis is that ABT (in comparison with SBT) reduces
lapse frequency over the course of the weight loss program (i.e., at mid- and end-of-

treatment).

2. Does the acceptance-based treatment reduce the odds of lapse occurrence
at mid- and end-of treatment when compared to the standard behavioral treatment?

To answer this question, two logistic mixed effects models will be fit (one at mid-
treatment and one at end-of-treatment) with a random intercept for participant. The model
will control for gender, within-subject stress level, between-subject stress level, EMA
daily prompt, and baseline lapse frequency, as these variables are likely related to lapse
occurrence. In addition, the models will be fit to data from females only. The hypothesis
is that ABT reduces the odds of lapse at mid- and end-of-treatment in comparison to

SBT.

3. Is the effect of participant’s stress level on lapse occurrence moderated by

treatment condition?



To answer this question, two logistic mixed effects models will be fit at mid-
treatment and two logistic mixed effects models will be fit at end-of-treatment. At each
assessment point, one model will have an interaction between treatment and between-
subject stress level, and the other model will have an interaction between treatment and
within-subject stress level. All models will be fit with a random intercept for participant.
A total of four models will be fit controlling for gender, EMA daily prompt, and baseline
lapse frequency, as these variables are likely related to lapse occurrence. In addition, the
models will be fit to data from females only. The hypothesis is that ABT (as compared to
SBT) decreases the effect of participant’s stress level on lapse at mid- and end-of-

treatment.
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CHAPTER 2

METHODS

This study consists of a secondary data analysis from a larger study, Mind Your

Health 2 (MYH?2).

Participants

Participants were weight loss-seeking adults who were overweight or had obesity
at time of enrollment, and were eligible to participate in the Mind Your Health 2 (MYH?2)
trial, as previously described (Forman et al., 2016). Briefly, participants had a body mass
index (BMI) between 27-50 kg/m*, age between 18—70 years, and no medical or
psychiatric conditions that could interfere with following the recommendations of the
weight-loss program. The exclusion criteria applied to individuals who had lost more
than 5% of body weight in the six months preceding enrollment, or who presented with
characteristics of binge eating disorder, as defined by the exclusion criteria (Forman et
al., 2016).

The sample of 189 participants who entered the study consisted of 82% female,
70.9% Caucasian, with mean age of 51.81 £ 9.76 years, and mean BMI of 36.93 + 5.83

kg/m2) (Forman et al., 2017).

Intervention
After enrollment in the behavioral weight loss program, participants were

randomly assigned to Standard Behavioral Treatment (SBT) or Acceptance-based

11



Behavioral Treatment (ABT). Stratified randomization was performed by gender and
ethnicity (Forman et al., 2016). The weight-loss program entailed 25 behavioral weight
loss group sessions of decreasing frequency over 12 months (weekly for 16 sessions,
biweekly for 5 sessions, monthly for 2 sessions, and bi-monthly for 2 sessions). Doctoral-
level clinicians and a co-leader administered the 75-min sessions. Individual 20-min
makeup sessions were provided to absent participants. Both treatment approaches
consisted of shared and exclusive behavioral components. The shared behavioral
treatment components of SBT and ABT were similar to the ones used in Look AHEAD
(The Look AHEAD Research Group, 2006) consisting of nutritional and physical activity
education, setting of specific goals related to eating and activity behavior, self-monitoring
of caloric intake and physical activity, stimulus control (e.g., removal of problematic
foods from home/work), behavior analysis (e.g., reviewing factors leading to dietary
lapse), relapse prevention (e.g., identifying triggers for overeating and creating plans),
problem solving (e.g., identifying barriers to healthy eating to be overcome) and building
social support (Forman et al., 2016). The exclusive behavioral treatment components of
SBT were based on cognitive-behavioral models, which attributes changing one’s
thoughts as the driving force for behavioral change, by teaching how to identify cognitive
distortions and perform cognitive restructuring, build self-efficacy and positive self-
esteem, and cope with food cravings through distraction (Forman et al., 2016). On the
other hand, exclusive behavioral treatment components of ABT used value clarification,

ongoing commitment, mindful decision-making training, and psychological acceptance

12



of, and willingness to, experience less pleasurable or comfortable states as the basis for

the behavioral change treatment (Forman et al., 2016).

Ecological Momentary Assessment Survey Measures

Ecological Momentary Assessment (EMA) data was collected through an
Android player device pre-loaded with a custom-designed EMA application
(DrexelEMA). Prompts to initiate a survey were sent to participants for 14 days at
baseline, 7 days at mid-treatment (6 months from baseline), and 7 days at end-of-
treatment (12 months from baseline). Participants received 6 semi-random prompts daily
(i.e., 230 min of 9:30 a.m., 12:00 p.m., 2:30 p.m., 5:00 p.m., 7:15 p.m., 9:30 p.m.) to
ensure sampling throughout waking hours. Participants could also initiate an EMA survey
when a dietary lapse occurred (Forman et al., 2017).

At each prompt, participants were asked about their current stress level, measured
on a 5-point scale based on an adapted version of the Positive and Negative Affect
Schedule (PANAS) (1, not at all; 2, slightly; 3, moderately; 4, very; 5, extremely)
(Forman et al., 2017). Participants were also asked whether a dietary lapse, defined as
“eating or drinking likely to cause weight gain, and/or put weight loss/maintenance at
risk”, had occurred since the previous prompt (yes/no) (Forman et al., 2017). Other
variables were also assessed but not described here as they will not be used in the

analysis.
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Data Management

From the 189 participants that provided EMA data for the study, 189 completed
EMA at baseline, 163 at mid-treatment, and 147 at end-of-treatment.

To answer research question 1, mean stress level per participant (between-subject
stress) and mean number of lapses per day per participant were calculated from the EMA
data for each participant at each of the three assessment points (baseline, mid-treatment,
and end-of-treatment). Mean stress level per participant was calculated by adding the
reported stress levels at each prompt and dividing it by the number of prompts at each
assessment point. Mean number of lapses per day per participant was calculated by
adding the number of lapses per day and dividing it by the number of days at each
assessment point. At baseline, mid-treatment, and end-of-treatment, data from
participants with less than 40% compliance with prompted EMA surveys, high values of

mean stress level considered outliers (2 3.5), or high values of mean number of lapses
per day considered outliers (2 2), were excluded at the specific assessment point only,

resulting in data for 183 participants at baseline, 158 at mid-treatment, and 139 at end-of-
treatment. Mean stress level (between-subject stress) is one of the independent variables
in the linear mixed effect model with lapse frequency (mean number of lapses per day)
per participant as the outcome variable.

To answer research questions 2 and 3, the EMA dataset was selected to contain
only EMA surveys obtained from the days and prompts specified in the EMA protocol: 6
prompts per day during 7 days at mid-treatment, and 6 prompts per day during 7 days at

end-of-treatment. This strategy was used because few participants responded with self-

14



initiated prompts. Daily prompts were numbered throughout the day, with daily prompt 1
representing the first completed prompt each day. The 40% compliance with EMA
survey was re-applied, resulting in 148 participants at mid-treatment, and 139 at end-of-
treatment. The outcome variable dietary lapse was coded O = no lapse, 1 = lapse. The
dichotomous intervention variable was coded 0 = SBT, 1 = ABT. Gender was coded as 0
= male, 1 = female. Within-subject stress was calculated by individually mean-centering
each participant’s forward-lagged stress level per prompt at mid-treatment and at end-of-
treatment, separately. Briefly, to calculate within-subject stress, values of stress level
reported at each prompt were averaged per participant. Next, the forward-lagged stress
level values at each prompt were subtracted by each participant’s average (mean-
centered). This means that a positive value in within-subject stress represents an increase
in stress over participant’s average (mean-centered value of zero), and a negative value in
within-subject stress represents a decrease in stress over participant’s average. This
calculation was performed at mid-treatment and at end-of-treatment, separately. Within-
subject stress is one of the independent variables in the logistic mixed effects model with
lapse occurrence (yes/no) as the outcome variable.

Prior to conducting analyses focused on addressing the research questions,
descriptive statistics per assessment point, and per treatment condition at baseline, were
obtained and analyzed by ANOV A for continuous variables and Chi-square tests for

categorical variables.
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Statistical Analyses
The following statistical analyses were performed assuming that data for
participants that did not complete all surveys were missing at random, i.e., assuming that
missed prompts were not related to lapse occurrence. Models were evaluated for all
participants, controlling for gender, and were additionally evaluated separately for female
participants only. To test the study hypotheses, an alpha level of 0.05 was used for all

significance tests and 95% confidence intervals (CI) were estimated.

Research Question 1

To investigate if ABT reduces lapse frequency over the course of the weight loss
program, a linear mixed effects model with treatment and assessment point (baseline,
mid-treatment, and end-of-treatment) as predictors, with and without a treatment by
assessment point interaction, were fit and analyzed, including a random intercept for
participant and a random slope for assessment point, and controlling for gender and
between-subject stress. The same model was fit to data from female participants only, for
a total of 2 models for addressing research question 1.

Linear Mixed Effects models were fit by maximum likelihood using the Imer
function from the Ime4 package (version 1.1-21) and graphed with the effects package
(version 4.1-4) in R (version 3.6.2). Statistical significance was tested using

Satterthwaite's method.
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Research Questions 2 and 3

To investigate if ABT reduces the odds of lapse occurrence at mid- and end-of
treatment when compared to SBT, or modifies the effect of stress on lapse, mixed effects
logistic regression models with treatment, between-subject stress, and within-subject
stress as predictors were fit. A random intercept was fit for participant. The analyses
were performed at mid-treatment and end-of-treatment separately, controlling for mean
number of lapses per day at baseline (lapse frequency at baseline), gender, and EMA
daily prompt (1 to 6), resulting in two separate models: one for mid-treatment and one for
end-of-treatment. The same models were fit to data from female participants only, for a
total of 4 models for addressing research question 2.

For the moderation analyses, an interaction between treatment and between-
subject stress, and treatment and within-subject stress, with a random intercept for
participant, were fit at each assessment point separately, controlling for mean number of
lapses per day at baseline, gender, and EMA daily prompt (1 to 6), resulting in four
separate models: two for mid-treatment and two for end-of-treatment. The same models
were fit to data from female participants only, for a total of 8 models for addressing
research question 3.

Generalized Linear Mixed Effects models were fit using the glmer function with
maximum likelihood estimation (Laplace Approximation) from the Ime4 package
(version 1.1-21) and graphed with the effects package (version 4.1-4) in R (version

3.6.2).
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CHAPTER 3

RESULTS

Descriptive Statistics

Knowing that not all participants contributed data equally throughout the 12-
month weight loss program, it was important to verify if there were differences in
demographics by assessment point. A summary of the demographics from the full sample
by assessment point and distribution of study variables used in statistical analyses are
presented in Table 1. The distribution of initial age, initial BMI, and proportion of
females were similar at the different assessment points (Table 1). The distribution of
‘mean stress level per subject’, calculated per subject at each assessment point, was also
similar among the different assessment points; as well as the distribution of ‘mean
number of lapses per day per subject’, also calculated per subject at each assessment

point (Table 1).
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Table 1

Descriptive Statistics for Demographic and Study Variables by Assessment Point

Baseline Mid-treatment | End of treatment | p value®
Characteristic n=183 n=158 n=139
Initial Age
M (SD) 51.93 (9.54) 52.18 (9.78) 52.71 (9.27) 0.770
Initial BMI
M (SD) 36.99 (5.78) 37.07 (5.96) 36.75 (5.88) 0.889
Female gender
n (%) 149 (81.4) 130 (82.3) 114 (82.0) 0.978
Acceptance-based
treatment
n (%) 97 (53.0) 83 (52.5) 80 (57.6) 0.634
Mean stress level
per subject
M (SD) 1.70 (0.56) 1.68 (0.54) 1.78 (0.57) 0.290
Mean number of
lapses per day
per subject
M (SD) 0.56 (0.44) 0.56 (0.48) 0.63 (0.51) 0.359

Note. Abbreviations: M, mean; SD, standard deviation.

* ANOVA for continuous variables and Chi-square test for categorical variables.

Descriptive statistics for study variables by gender and treatment condition at

baseline are presented in Table 2. As the variables ‘mean stress level per subject’ and

‘mean number of lapses per day per subject’ will be analyzed over time, it was important

to verify if there were significant differences in the distribution of these variables at

baseline. Exploratory data analysis of these study variables at baseline revealed that while

the distribution of ‘mean stress level per subject’ was comparable between males and

females and participants assigned to SBT and ABT, the distribution of ‘mean number of

lapses per day per subject’ was significantly lower for males than females in the ABT
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group (Table 2). This indicated that males might have reported less lapses than females
independent of treatment condition, as treatment had not yet been implemented at the
baseline assessment point. For this reason, the following linear and logistic mixed effects
models were fit twice: 1. for the full sample (males and females) controlling for gender,
and 2. for a subset of the data containing female participants only. Both approaches
attempt to minimize pre-treatment differences between males and females, one through
statistical control and the other by analyzing only the subgroup of females. Females
represented 81.4% of the full sample at baseline. In the subgroup of females, the
distribution of mean number of lapses per day per subject at baseline had mean (SD) =
0.66 (0.47) for the SBT group, and mean (SD) = 0.55 (0.41) for the ABT group (p value

=0.113), showing no significant difference (data not shown).

Table 2

Descriptive Statistics for Study Variables by Gender and Treatment at Baseline

Gender Male Female p value®
SBT ABT SBT ABT
Treatment (n=16) (n=18) (n=70) (n=179)
Mean stress level
per subject

M (SD) 1.80 (0.58) | 1.55(0.58) | 1.71(0.59) | 1.71 (0.52) 0.603
Mean number of

lapses per day

per subject

M (SD) 0.53 (0.45) | 0.27 (0.30) | 0.66 (0.47) | 0.55(0.41) 0.007

Note. Abbreviations: M, mean; SD, standard deviation; SBT, Standard Behavioral
Treatment; ABT, Acceptance-based Treatment.

* ANOVA for continuous variables and Chi-square test for categorical variables.
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Effect of Acceptance-Based Treatment on Lapse Frequency Over Time

To address whether ABT reduces lapse frequency over time when compared to
SBT, linear mixed effects models were fit for the full sample (males and females) and
female participants only, with a random intercept for participant and a random slope for
assessment point. Estimates and 95% confidence intervals for the models with and
without a treatment by assessment point interaction for the full sample are presented in
Table 3. Results for females only are presented in Table 4.

In the models with the interaction term, the correlation between the random
intercept and random slope was 0.58 and 0.40 for the models with the full sample and
females only, respectively. This means that larger intercepts are associated with larger
slopes in both models. The adjusted intraclass correlation coefficient (ICC), which
represents the proportion of variance explained by the random effects, was 51% for the
model with the full sample and 52% for the females-only model. The proportion of
variance explained by the fixed and random effects in the model (i.e., conditional R?) was
57% and 55% for the full sample and females-only, respectively. Model fit diagnostics,
including residual normality, linearity, and heteroscedasticity were examined (see

Appendix A).

Linear Mixed Effects Model Estimates for the Full Sample
In the model without the interaction, ABT predicted a decrease in lapse frequency
in the full sample (estimate = -0.158, CI [-0.262, -0.054]) compared to SBT (see Table 3).

ABT predicted a decrease in lapse frequency compared to SBT at baseline (estimate = -
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0.144, CI[-0.257, -0.031]), but not later in the treatment (interaction estimate = -0.024,
CI[-0.097, 0.050], assuming a linear association (see Table 3 and Figure 1). An increase
in mean stress level (between-subject stress) strongly predicted an increase in lapse
frequency, controlling for assessment point in the linear model. A one-unit increase in
between-subject stress predicted a 0.140 (CI [0.066, 0.215]) increase in mean number of
lapses per day, meaning that individuals with higher reported stress levels at any
assessment point tended to lapse more, on average. Female gender was a strong predictor

of lapse frequency (estimate = 0.254, CI [0.120, 0.388]).

Table 3

Linear Mixed Effects Model Predicting Dietary Lapse in the 12-Month Weight Loss
Program (Males and Females)

Model Without interaction term With interaction term
Independent variable | Estimate 95% C1 Estimate 95% CI
Intercept 0.190* [0.006, 0.375] 0.183 [-0.003, 0.368]
ABT -0.158%* | [-0.262, -0.054] -0.144%* [-0.257,-0.031]
Assessment point” 0.031 [-0.005, 0.068] 0.045 [-0.011, 0.100]

Mean stress level
(between-subject stress) | 0.141*** | 10.066, 0.215] 0.140%** [0.066, 0.215]

Female gender 0.254*** | 10.120, 0.388] 0.254%** [0.120, 0.388]
Interaction

ABT:Assessment

point” NA NA -0.024 [-0.097, 0.050]

Note. Abbreviations: ABT, Acceptance-based treatment; CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

*Baseline = 0, mid-treatment = 1, end-of-treatment = 2.
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Linear Mixed Effects Model Estimates for Females

In the model without the interaction, ABT predicted a decrease in lapse frequency
in females (estimate = -0.160, CI [-0.277, -0.043]) when compared to SBT (see Table 4).
Assessment point was positively associated with lapse frequency in this model, showing
a significant increase in lapse frequency over time during the weight loss program
(estimate = 0.043, CI1[0.001, 0.085]).

In the model with an interaction between treatment and assessment point, ABT
showed a decrease in lapse frequency compared to SBT at baseline (-0.137, CI [-0.265, -
0.009]) only, assuming a linear association (see Table 4 and Figure 1). An increase in
mean stress level (between-subject stress) strongly predicted an increase in lapse
frequency, with a one-unit increase in between-subject stress predicting a 0.149 (CI =

[0.064, 0.234]) increase in mean number of lapses per day, controlling for treatment

Table 4

Linear Mixed Effects Model Predicting Dietary Lapse in the 12-Month Weight Loss
Program among Females

Model (Females) Without interaction term With interaction term
Independent variable Estimate 95% CI Estimate 95% CI
Intercept 0.422%** | 10.252,0.592] | 0.410%** [0.238, 0.582]
ABT -0.160** | [-0.277,-0.043] | -0.137* [-0.265, -0.009]
Assessment point” 0.043* [0.001, 0.085] 0.064* [0.001, 0.127]

Mean stress level
(between-subject stress) | 0.150*** | [0.065, 0.235] | 0.149%** [0.064, 0.234]
ABT:Assessment
point NA NA -0.036 [-0.120, 0.047]
Note. Abbreviations: ABT, Acceptance-based treatment; CI, confidence interval.

*p <.05, **p <.01, ***p <.001.

*Baseline = 0, mid-treatment = 1, end-of-treatment = 2.
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condition and assessment point.

Treatment Effect on Lapse over Time
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Figure 1. Effect of treatment on lapse over time. Top graph for model with both males
and females; bottom graph for model with only females. Shaded areas correspond to
estimated 95% confidence interval. Assessment point values 0, 1, and 2 correspond to
baseline, mid-treatment, and end-of-treatment, respectively. The rug plot at the bottom of
the graph shows the location of the assessment point values.

Effect of Acceptance-Based Treatment on Lapse Occurrence

To investigate if ABT reduces the odds of dietary lapse occurrence compared to

SBT, logistic mixed effects regression was used with treatment condition, between-

subject stress (mean stress level per participant per assessment point), and within-subject
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stress (participant’s mean-centered forward-lagged stress level per prompt) as predictors,
and controlling for baseline mean number of lapses per day and EMA daily prompt (time
throughout the day). Gender was statistically controlled in the model for the full sample.

Models were fit at mid-treatment and end-of-treatment separately.

OR and Probability of Lapse in the Full Sample at Mid-Treatment
At mid-treatment (6 months into the program), ABT decreased the odds of lapsing
by 28% compared with SBT (Table 5). Figure 2 shows the probability of lapse per EMA
prompt by treatment condition for this model. As seen in the linear model, an increase in
between-subject stress level significantly predicted an increase in the odds of lapse (OR =

1.479, CI [1.095, 1.999]).

Table 5

Logistic Mixed Effects Model Predicting Dietary Lapse Occurrence at Mid-Treatment
of the 12-Month Weight Loss Program (Males and Females

Independent variable Odds Ratio 95% CI
Intercept 0.009%*** [0.004, 0.019]
Acceptance-based treatment 0.716* [0.516, 0.994]
Mean stress level

(between-subject stress) 1.479* [1.095, 1.999]
Mean-centered stress level

(within-subject stress) 0.972 [0.844, 1.119]
Daily prompt 1.210%** [1.124, 1.302]
Lapse frequency at baseline 2.392%#%* [1.664, 3.438]
Female gender 2.087** [1.265, 3.442]

Note. Abbreviation: CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

“Daily prompts range from 1 to 6.
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On the other hand, within-subject stress level did not significantly predict lapse (OR =
0.972, C1[0.844, 1.119]). EMA daily prompt, lapse frequency at baseline, and being
female significantly increased the odds of lapse in the full sample (Table 5). The adjusted

ICC was 0.135, and conditional and marginal R* were 0.239 and 0.120, respectively.

OR and Probability of Lapse for Females at Mid-Treatment
In the model for females only, ABT decreased the odds of lapse compared with
SBT by 31% (Table 6). Figure 2 shows the probability of lapse per EMA prompt by
treatment condition for this model. An increase in between-participant stress level

significantly predicted an increase in lapse (OR = 1.418, C1[1.038, 1.937]), while

Table 6

Logistic Mixed Effects Model Predicting Dietary Lapse Occurrence at Mid-Treatment
of the 12-Month Weight Loss Program among Females

Independent variable Odds Ratio 95% CI
Intercept 0.023%** [0.011, 0.045]
Acceptance-based treatment 0.686* [0.489, 0.964]
Mean stress level

(between-subject stress) 1.418* [1.038, 1.937]
Mean-centered stress level

(within-subject stress) 0.970 [0.838, 1.122]
Daily prompt 1.196%** [1.107,1.291]
Lapse frequency at baseline 2.149%** [1.483,3.114]

Note. Abbreviation: CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

“Daily prompts range from 1 to 6.
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within-subject stress level did not significantly predict lapse (OR = 0.970, CI [0.838,

1.122]), as seen in the model for both males and females. EMA daily prompt and lapse

frequency at baseline significantly increased the odds of lapse among females (Table 6).

The adjusted ICC was 0.127, and the conditional and marginal R? were 0.193 and 0.076,

respectively.
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Figure 2. Predicted probability of lapse per EMA prompt by treatment condition at mid-
treatment. Top graph for model with both males and females; bottom graph for model
with only females. Bars correspond to estimated 95% confidence interval.
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OR and Probability of Lapse in the Full Sample at End-of-Treatment

At end-of-treatment (12 months into program), ABT did not show a significant
decrease in the odds of lapsing compared with SBT (OR = 0.780, CI [0.543, 1.120]; see
Table 7). Figure 3 shows the probability of lapse per EMA prompt by treatment condition
for this model. An increase in between-subject stress level significantly predicted an
increase in the odds of lapse (OR = 1.776, CI [1.307, 2.413]). However, within-subject
stress level was not a statistically significant predictor of lapse frequency (OR = 0.901,
CI1[0.787, 1.032]). EMA daily prompt and being female significantly increased the odds
of lapse in this study (see Table 7), as seen at mid-treatment. Lapse frequency at baseline
was the strongest predictor of lapse in the model (OR =3.112, CI [2.118, 4.572]), which
had an adjusted ICC of 0.175, and conditional and marginal R* of 0.304 and 0.156,

respectively.

Table 7

Logistic Mixed Effects Model Predicting Dietary Lapse Occurrence at End-of-
Treatment of the 12-Month Weight Loss Program (Males and Females)

Independent variable Odds Ratio 95% CI
Intercept 0.005%** [0.002, 0.013]
Acceptance-based treatment 0.780 [0.543, 1.120]
Mean stress level

(between-subject stress) 1.776%** [1.307, 2.413]
Mean-centered stress level

(within-subject stress) 0.901 [0.787, 1.032]
Daily prompt 1.2]18%** [1.134, 1.308]
Lapse frequency at baseline 3.112%** [2.118,4.572]
Female gender 2.102%* [1.218, 3.629]

Note. Abbreviation: CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

“Daily prompts range from 1 to 6.
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OR and Probability of Lapse for Females at End-of-Treatment

In the model for females, ABT did not significantly decrease the odds of lapse
compared with SBT (OR = 0.770, CI [0.529, 1.121]; see Table 8). Figure 3 shows the
probability of lapse per EMA prompt by treatment condition for this model. An increase
in between-subject stress level significantly predicted an increase in the odds of lapse
(OR =1.582, CI [1.153, 2.171]), while within-subject stress level did not significantly

predict lapse (OR =0.916, CI [0.796, 1.054]). EMA daily prompt and lapse frequency at

baseline significantly increased the odds of lapse among females (see Table 8). The

adjusted ICC was 0.164, and the conditional and marginal R” were 0.253 and 0.106,

respectively.

Table 8

Treatment of the 12-Month Weight Loss Program among Females

Logistic Mixed Effects Model Predicting Dietary Lapse Occurrence at End-of-

Independent variable Odds Ratio 95% CI
Intercept 0.016%** [0.007, 0.033]
Acceptance-based treatment 0.770 [0.529, 1.121]
Mean stress level

(between-subject stress) 1.582%** [1.153,2.171]
Mean-centered stress level

(within-subject stress) 0.916 [0.796, 1.055]
Daily prompt 1.2]14%** [1.127,1.309]
Lapse frequency at baseline 2.815%** [1.901, 4.168]

Note. Abbreviation: CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

“Daily prompts range from 1 to 6.
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Figure 3. Predicted probability of lapse per EMA prompt by treatment condition at end-
of-treatment. Top graph for model with all participants; bottom graph for model with
females. Bars correspond to estimated 95% confidence interval.

Treatment Effect Modification of Stress on Lapse Occurrence
To evaluate if ABT modified the effect of stress on lapse occurrence compared to
SBT, logistic mixed effects regressions were fit with interaction terms between treatment

condition and between-subject stress (mean stress level per participant), and between
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treatment condition and within-subject stress (forward-lagged mean-centered stress level
per participant) as predictors, controlling for baseline mean number of lapses per day,

daily prompt, and gender (in the model for both males and females).

Moderation Results in the Full Sample at Mid-Treatment
At mid-treatment, the interaction of treatment with between-subject stress was not
statistically significant; however, ABT showed a decrease in the odds of lapse when
participants’ mean-centered stress level (within-subject stress) was zero (OR = 0.718, CI
[0.517, 0.997]; see Table 9). The interaction effect with within-subject stress on lapse
suggested a decrease in the odds of lapse, and probability of lapse per EMA prompt, for
ABT as compared to SBT, but it was not statistically significant (OR = 0.854, CI [0.646,

1.130]; see Table 9 and Figure 4).

Moderation Results for Females Only at Mid-Treatment
In the model with females only, the interaction of treatment with between-subject stress
also did not show a significant moderation effect at mid-treatment (see Table 10). As in
the model with the full sample, ABT showed a decrease in the odds of lapse when
participants’ mean-centered stress level was zero (OR = 0.688, CI [0.490, 0.966]; see
Table 10). The interaction effect with within-subject stress on lapse suggested a decrease
in the odds of lapse, and probability of lapse per EMA prompt, for ABT as compared to
SBT, but it was not statistically significant (OR = 0.890, CI [0.665, 1.190]; see Table 10

and Figure 4).
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Table 9

Logistic Mixed Effects Model Predicting Dietary Lapse Occurrence at Mid-Treatment
of the 12-Month Weight Loss Program with Interaction Term for Treatment and Stress

(Males and Females)

Interaction term Interaction term
Model (between-subject stress) (within-subject stress)

Odds Odds

Independent variable Ratio 95% CI Ratio 95% CI
Intercept 0.010*** | 10.004, 0.026] | 0.009*** [0.004, 0.019]
ABT 0.534 [0.184,1.549] | 0.718* [0.517, 0.997]
Mean stress level
(between-subject stress) 1.360 [0.896,2.064] | 1.481* [1.096, 2.001]
Mean-centered stress
level (within-subject stress) 0.971 [0.844, 1.118] 1.050 [0.864, 1.276]
Daily prompt” 1.210%** | [1.124, 1.302] | 1.210*** [1.124, 1.302]
Lapse frequency at
baseline 2.403%** | [1.672,3.454] | 2.394*** [1.666, 3.440]
Female gender 2.062%* | [1.248,3.405] | 2.087** [1.265, 3.442]
ABT: between-subject
stress 1.183 [0.662, 2.112] NA NA
ABT: within-subject
stress NA NA 0.854 [0.646, 1.130]

Note. Abbreviations: ABT, Acceptance-based treatment; CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

“Daily prompt ranges from 1 to 6.
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Table 10

Logistic Mixed Effects Model Predicting Dietary Lapse Occurrence at Mid-Treatment
of the 12-Month Weight Loss Program with Interaction Term for Treatment and Stress

among Females

Interaction term Interaction term
Model (Females) (between-subject stress) (within-subject stress)

Odds

Independent variable Ratio 95% CI Odds Ratio 95% CI
Intercept 0.025*** | 10.010, 0.059] | 0.022*** [0.011, 0.045]
ABT 0.579 [0.189, 1.778] 0.688* [0.490, 0.966]
Mean stress level
(between-subject stress) 1.350 [0.870, 2.095] 1.420* [1.039, 1.939]
Mean-centered stress
level (within-subject stress) 0.970 [0.838, 1.122] 1.029 [0.837, 1.264]
Daily prompt” 1.196*%** | 11.107, 1.291] | 1.196*** [1.108, 1.291]
Lapse frequency at
baseline 2.151%%* | [1.485,3.117] | 2.150%** [1.484, 3.115]
ABT: between-subject
stress 1.101 [0.601, 2.018] NA NA
ABT: within-subject
stress NA NA 0.890 [0.665, 1.190]

Note. Abbreviation: ABT, Acceptance-based treatment; CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

“Daily prompts range from 1 to 6.
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Figure 4. Predicted probability of lapse per EMA prompt for within-subject stress level
by treatment condition at mid-treatment. Top graph for model with all participants;
bottom graph for model with females. Shaded areas correspond to estimated 95%
confidence interval. The rug plot at the bottom of the graph shows the location of the
within-subject stress values.

Moderation Results in the Full Sample at End-of-Treatment
The model was fit by maximum likelihood Adaptive Gauss-Hermite Quadrature,
as the Laplace Approximation did not converge. Treatment condition did not significantly

moderate the effect of between-subject stress on the odds of lapse, or the effect of within-
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subject stress on the odds of lapse. Although ABT showed a decrease in the odds of lapse
when participants’ mean-centered stress (within-subject stress) was equal to zero (OR =
0.780, CI [0.540, 1.127]), it was not statistically significant (see Table 11). The effect of
the interaction of ABT and within-subject stress on lapse (odds ratio and probability of
lapse) at end-of-treatment was not statistically significant (OR = 0.915, CI [0.693, 1.208];

see Table 11 and Figure 5).

Table 11

Logistic Mixed Effects Model Predicting Dietary Lapse Occurrence at End-of-
Treatment of the 12-Month Weight Loss Program with Interaction Term for Treatment
and Stress (Males and Females)

Interaction term Interaction term
Model (between-subject stress) (within-subject stress)
Odds Odds

Independent variable Ratio 95% CI Ratio 95% CI
Intercept 0.006*** | 10.002, 0.021] | 0.005%*** [0.002, 0.013]
ABT 0.617 [0.181, 2.104] 0.780 [0.540, 1.127]
Mean stress level

(between-subject stress) 1.644 [0.996, 2.716] | 1.779*** [1.303, 2.430]

Mean-centered stress
level (within-subject stress) 0.901 [0.785, 1.034] 0.949 [0.768, 1.173]

Daily prompt” 1.219%** | [1.134, 1.311] | 1.218*** | [1.133, 1.310]
Lapse frequency at

baseline 3.119%** | [2.111,4.607] | 3.124*** | [2.113,4.619]
Female gender 2.077* [1.184,3.642] | 2.110** [1.208, 3.685]
ABT: between-subject

stress 1.135 [0.603, 2.138] NA NA
ABT: within-subject

stress NA NA 0.915 [0.693, 1.208]

Note. Abbreviations: ABT, Acceptance-based treatment; CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

“Daily prompt ranges from 1 to 6.
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Moderation Results for Females Only at End-of-Treatment
This model was also fit by maximum likelihood Adaptive Gauss-Hermite
Quadrature. In females, the interaction of treatment with between-subject stress, or
within-subject stress, also did not show a significant moderation effect at end-of-
treatment (see Table 12). Similarly, ABT showed a slight reduction in the effect of
within-subject stress on lapse compared to SBT (odds ratio and probability of lapse),
although it was not statistically significant (OR = 0.923, C1[0.693, 1.231]; see Table 12

and Figure 5).

Table 12

Logistic Mixed Effects Model Predicting Dietary Lapse Occurrence at End-of-
Treatment of the 12-Month Weight Loss Program with Interaction Term for Treatment
and Stress among Females

Interaction term Interaction term

Model (Females) (between-subject stress) (within-subject stress)
Odds

Independent variable Ratio 95% CI Odds Ratio 95% CI
Intercept 0.020*** | 10.007, 0.059] | 0.016*** [0.007, 0.033]
ABT 0.521 [0.149, 1.813] 0.771 [0.530, 1.122]
Mean stress level
(between-subject stress) 1.382 [0.823,2.319] | 1.582%** [1.153,2.171]
Mean-centered stress
level (within-subject stress) 0.916 [0.796, 1.054] 0.961 [0.769, 1.202]
Daily prompt” 1.214%** | 11.127,1.309] | 1.214%*** [1.126, 1.308]
Lapse frequency at
baseline 2.783%** | 11.881,4.118] | 2.815%** [1.901, 4.169]
ABT: between-subject
stress 1.237 [0.648, 2.363] NA NA
ABT: within-subject
stress NA NA 0.923 [0.693, 1.231]

Note. Abbreviations: ABT, Acceptance-based treatment; CI, confidence interval.
*p <.05, **p <.01, ***p <.001.

“Daily prompts range from 1 to 6.
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Figure 5. Predicted probability of lapse per EMA prompt for within-subject stress level
by treatment condition at end-of-treatment. Top graph for model with all participants;
bottom graph for model with females. Shaded areas correspond to estimated 95%
confidence interval. The rug plot at the bottom of the graph shows the location of the
within-subject stress values.
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CHAPTER 4

DISCUSSION

In this study, the main goal was to investigate whether the use of acceptance-
based strategies affected dietary lapse throughout a 12-month weight loss program,
compared to a standard behavioral treatment, SBT. ABT differed from SBT on the use of
mindfulness and acceptance-based training, instead of cognitive restructuring, to promote
behavioral change and, ultimately, weight loss. This study showed that ABT was more
effective at decreasing dietary lapse compared to SBT at mid-treatment (6 months into
the program).

The improvement in adherence to dietary guidelines observed in ABT over SBT
at mid-treatment may be attributed to the acquisition of specific skills taught during
intervention sessions, such as self-awareness and acceptance of certain physical and
emotional discomfort in order to achieve a desired goal. In fact, acceptance-based and
mindfulness-based strategies have been shown to improve weight loss in adult dieters
with overweight and obesity (Forman et al., 2019; Tapper et al., 2009), and to effectively
target obesity-related eating behaviors (O’Reilly, Cook, Spruijt-Metz, & Black, 2014). It
is possible that the skills learned through acceptance-based and mindfulness-based
interventions promote a reduction in dietary lapses through an effect on other key factors
known to improve with mindful training, such as reduction of stress perceptions and
reactions (Vieten et al., 2018; Sagui-Henson, Levens, & Blevins, 2017; Chang et al.,

2014).
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The associations of between-subject stress (mean stress level per participant) and
within-subject stress (participant’s mean-centered forward-lagged stress level per prompt)
with lapse, as well as a possible role for intervention condition as a modifier of the effect
of stress on lapse, were also investigated in this study. All models with between-subject
stress as a predictor showed a strong association with lapse, suggesting that participants
that are overall more stressed than others lapse more frequently. This association was
shown to be independent of treatment condition, assessment point, or gender, as these
variables were present, and, therefore, controlled for in the models. On the other hand,
although not statistically significant, data for within-subject stress could suggest that
acceptance-based strategies in ABT may aid in reducing lapse even as within-subject
stress increases (i.e., stress level above individual’s average) compared to SBT, which,
instead, exclusively employed cognitive strategies.

Chronic stress has been linked to overeating, binge eating, and obesity (Razzoli,
Pearson, Crow, & Bartolomucci, 2017; Yau and Potenza, 2013; Dallman, 2010).
Although participants diagnosed with binge eating were excluded from the Mind Y our
Health 2 trial, the results suggested that participants with overall higher stress levels than
others tended to lapse more often. It is suggested that the release of stress-related
hormones such as cortisol can become dysregulated with chronic stress, triggering insulin
resistance and an increased intake of high-caloric palatable foods (Adam & Epel, 2007).
This could partly explain why between-subject stress was a strong predictor of lapse in
the study. Furthermore, the repeated stimulation of the reward system in the brain by

palatable food intake may, in turn, trigger compulsive eating behavior and uncontrolled
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eating, representing a reduction in self-control (Vainik, Garcia-Garcia, & Dagher, 2019).
The inclusion of training skills specifically aimed at improving self-control could be a
promising approach to reduce stress-triggered overeating and, therefore, dietary lapses,
during weight loss interventions (Tang, Posner, Rothbart, & Volkow, 2015).

Acute stress is characterized by early release of catecholamines, such as
adrenaline, which may cause a reduction in appetite, and a later release of
glucocorticoids, such as cortisol, which stimulate appetite (Adam & Epel, 2007).
Adaptive responses to momentary changes in stress might differ depending on the
underlying cause and how it is perceived by the individual. For example, a stress trigger
that poses a threat, rather than a challenge, to an individual will most likely affect eating
patterns differently (Adam & Epel, 2007), making it difficult to predict an association of
within-subject stress level change with lapse occurrence without additional information
on motives. Perhaps for this reason, this study was not able to show within-subject stress
as a significant predictor of lapse. Nevertheless, the data show the main effect of ABT in
reducing the odds of lapse at participants’ own mean stress level (i.e., within-subject
stress level equal to zero) at mid-treatment. This could indicate that participants in ABT
had learned to recognize and accept uncomfortable states, such as stress, and react less to
it.

Gender was a highly significant predictor of lapse in the models fitted for males
and females in the full sample. Females were associated with an increase in lapse
frequency and odds of lapse compared to men. Regarding the measurement of lapses in

self-reported EMA surveys, it is possible that not all lapses were reported. Taking this
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into consideration, one could argue that the gender differences observed may be a
reflection of an increase in lapse reports by females compared to males, and not
necessarily an increase in lapse per se. Culturally, being overweight or having obesity has
posed a higher burden on women than men in modern society. In fact, women make up
the majority of weight-loss seekers among commercially available diet programs, and
tend to commit to diets not only for health-related reasons but also social pressure and
body image (Wardle and Johnson, 2002). In this case, the increase in reported lapses
could be related to an increased commitment to follow program guidelines for weight
loss. Collecting participants’ information on commitment and body image might aid in
understanding if these factors are related to gender, and if they play a role in lapse
frequency among weight-loss seeking individuals. When data were analyzed for females
only, ABT decreased lapse frequency compared to SBT over time, but statistical
significance was not achieved. Nonetheless, this revealed a pattern that was not observed
when both male and female participants were analyzed in the model controlling for
gender. Analyzing females only eliminated possible confounding factors associated with
gender and lapse that were not accounted for in the previous model. Identifying and
collecting data on possible confounders of this association would allow for control and
improvement of the models fit for both genders.

All analyses showed a difference regarding lapse frequency between participants
in the ABT and SBT groups even when exclusive components of each treatment
condition had not been fully implemented, such as at baseline. This suggests that

characteristics other than the treatment condition they were assigned to could have played
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a role in how often individuals lapse throughout the program. This observation
underscores the importance of using an analytical approach that accounts for each
participant’s repeated measures, such as a mixed effects model, to answer the proposed
research questions. For this reason, all analyses performed at mid-treatment and end-of-
treatment controlled for lapse frequency at baseline, which was shown to be a strong
predictor of lapse at both assessment points.

The effect of ABT on lapse did not further reduce lapse frequency over time
compared to SBT in the linear model. Another consideration regarding treatment over
time is that lapse frequency might not necessarily follow a linear pattern. For instance,
lapse frequency could be expected to decrease at mid-treatment, which is the treatment
time when participants tend to lose more weight in one-year programs (Butryn, Webb, &
Wadden, 2011), and when behavioral weight loss group sessions are more frequent
(Forman et al., 2016). In fact, Forman et al. (2017) showed that the estimated mean
number of lapses per week per participant slightly declined from baseline to mid-
treatment, and considerably increased from mid-treatment to end-of-treatment in the
weight loss program. As a future direction, a non-linear analysis may be advantageous.

The effectiveness in reducing lapses in ABT compared to SBT was observed at
mid-treatment but not at end-of-treatment. This could be partially attributed to a decrease
in intensity of the intervention between mid- and end-of-treatment, when sessions were
held bi-monthly compared to bi-weekly prior to mid-treatment (Forman et al., 2016). In
addition, a lack of difference between the groups does not preclude that the behavioral

interventions were effective in reducing lapses overall, since treatments were only
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compared against each other in this study, with the lack of a group that did not receive
any behavioral treatment. The shared components for both treatments could have been
expected to promote a reduction in dietary lapse frequency overall, since both treatment
conditions were successful at reducing weight in this program (Forman et al., 2016,

2019).

Strengths and Limitations

A major strength of this study was the nature of the data used for analysis. EMA
data used in this study provided measures of behavioral change and event occurrence
reported near the time of the experience, limiting the need for participants to rely on
memory of past events to answer survey questions, therefore, reducing recall bias
(Shiffman, Stone, & Hufford, 2008). In addition, it also eliminates the need for
participants to report recurrent unhealthy behaviors to clinicians face-to-face, possibly
reducing social desirability bias.

Nonetheless, EMA as the only method of data collection could also present
drawbacks for the data analysis in this study. Self-reported surveys rely on participants’
understanding of the questions asked and their willingness to provide truthful answers,
which are challenging to ascertain. In addition, momentary changes in participant’s
surroundings and social situations that were not captured by the survey could have
affected the association being investigated, resulting in residual confounding. For
example, being at a social gathering might confound the association between stress level

and dietary lapse, as socialization may momentarily reduce stress level, but the
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availability of tempting food may momentarily increase the chance of lapse. Furthermore,
the perception of what constitutes a dietary lapse during the program is prone to changes
over time, as commitment to adherence changes throughout the program. This possible
change in perception could pose a challenge to longitudinal data analysis performed over
long periods of time, such as the one-year weight loss program.

Additionally, baseline differences in lapse frequency between participants in ABT and
SBT were observed in the model analyzing lapse frequency over time. This may reflect a
failure in randomization regarding lapses before treatment conditions were fully
implemented (i.e., baseline represents pre-treatment). A future approach for studies
focused on lapse occurrence would be to stratify participants according to their overall

lapse frequency at baseline, before randomization to treatment condition occurs.

Implications for Research and Practice

The knowledge gained with this and similar studies could be complemented by
further analyses aimed at investigating potential mediators of the effect of ABT compared
to SBT on lapse. For example, inclusion of variables such as self-control and
commitment in future EMA surveys may help explain underlying mechanisms of action.
In addition, other approaches should be considered, such as the use of reported lapse as
an independent variable predicting lapse in the following prompt. As baseline lapse was
one of the strongest predictors in the current study, analyzing if a time-varying

relationship of previous lapse with current lapse exists could improve the understanding
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of lapse patterns by individual and treatment condition, and serve as a powerful tool for
the development of novel intervention strategies.

Based on the findings in this study, it is expected that acceptance-based strategies
coupled with stress management techniques may create a potentially superior intervention
for weight loss. In addition, an adaptive intervention approach that takes into
consideration behavioral patterns of participants through time and adjusts the intervention
accordingly is made possible with the use of EMA data collected in real-time. This
targeted approach may be advantageous in preventing future lapses, as it would allow

clinicians to predict lapse occurrence and intervene in a timely manner.

Future Directions

To better understand the mechanisms through which mindfulness- and
acceptance-based skills promote lapse reduction, multivariate analyses using potential
mediators of the effect of acceptance-based strategies on lapse, such as between-subject
and within-subject stress, may be performed at multiple time points throughout the
weight loss program. As a future approach, information on individual’s self-efficacy
(i.e., confidence in one’s ability to control/change behaviors) and executive function (i.e.,
cognitive skills to control/change behaviors) may be collected at baseline and throughout
the program and used to investigate their roles as possible mediators of the effect of ABT

on lapse compared to SBT.
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Conclusion

In conclusion, the present analysis suggests that acceptance-based strategies,
which include training in mindfulness and acceptance of less pleasurable or comfortable
states in order to achieve a desired personal goal, are more effective at reducing dietary
lapse when compared to cognitive strategies delivered to weight-loss seeking adults at
least biweekly. Although the role of treatment as a modifier of the effect of stress on
lapse was not significant, a trend towards a reduction of lapse for participants in the
acceptance-based treatment compared to standard behavioral treatment was observed and
should be further investigated. The inclusion of additional variables in future analyses
may help explain whether the current strategies are working through the expected
mechanisms. These more comprehensive analyses could ultimately be used to better

inform novel strategies for weight loss.
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APPENDIX A

DIAGNOSTIC PLOTS FOR THE LINEAR MIXED EFFECTS MODELS

A1l. Linear Mixed Effects Model with male and female participants

Q-Q Plot
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A2. Linear Mixed Effects Model with female participants only

Q-Q Plot
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